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Editorial

Access or excess? Peptide manufacturing pharmacies at the
fault line of South African pharmacy professionalism

If you listen carefully to how members of the pharmacy profession
within South Africa is speaking about itself now, a pattern emerges.
In this edition you will learn that hospital colleagues are writing
about evolution from basements/dispensaries to the bedside, about
stewardship, innovation and learning from the giants who came
before them. Young pharmacists are insisting that relevance and
purpose matter more than where on the programme their session
appears, and are asking older pharmacists and mentors, hard
questions about mentorship, digital health and leadership. Educators
are reflecting deeply on how we shape professional identity, not only
competence, under conditions of uncertainty and constraint. | believe
this will be a constant, the uncertainty and constraint as change is a
constant; what matters ethically is not whether we can escape it, but
whether we respond to it deliberately and responsibly, in ways that
honour our obligations to patients, colleagues and the public.

Change in science and practice rarely arrives in a neutral form; it is
carried concrete technologies, products and business models that test
how serious we are about our own standards. Over the past two years,
incretin-based peptides such as semaglutide and tirzepatide have
moved from specialist diabetes clinics into the public imagination
as weight-loss “super-drugs”. They are now widely promoted as
weight-loss injections on social media and offered in some private
and aesthetic settings, including certain pharmacy spaces, despite
repeated warnings about unregistered GLP-1 products sold via
informal and online channels. Nowhere is this more visible than in the
rapid rise of incretin-based therapies. What began as specialist tools
for complex type 2 diabetes and high-risk metabolic disease has, in
a few short years, become a powerful commercial force, reshaping
patient expectations and placing new pressures on pharmacists,
prescribers and regulators alike. It is in this tension between clinical
promise, market enthusiasm and regulatory boundaries that the
profession’s ethical commitments are most clearly exposed.

A limited exception is created in section 14(4), read with regulation 3
of the General Regulations, which permits a pharmacist to compound
a medicine for a specific, identified patient, on the basis of a valid
prescription, in a quantity related to that individual’s treatment and
which does not amount to ongoing batch manufacture for the market.
Section 14(4)(b) further requires that the active ingredient used in
such compounding is already contained in at least one medicine
registered in terms of the Act, and the regulatory literature is clear

that compounding may not be used to circumvent the registration
pathway. A limited exception is created in section 14(4), read with
the General Regulations, which permits a pharmacist to compound
a medicine for a specific, identified patient, on the basis of a valid
prescription, in a quantity that is related to that individual’s treatment
and which does not amount to ongoing batch manufacture for the
market. The same framework requires that the active ingredient used
in such compounding is already contained in at least one registered
medicine, and that compounding may not be used to circumvent the
registration pathway.

Good Pharmacy Practice (GPP) and Good Manufacturing Practice
(GMP) operate together, but they do not apply to the same activities.
GPP is issued by the South African Pharmacy Council (SAPC) as “Rules
relating to Good Pharmacy Practice” under section 35A of the Pharmacy
Act 53 of 1974, and it sets the minimum standards for all pharmacy
premises and services, including extemporaneous compounding.
These rules require that any compounded medicine be prepared in
suitable premises, using appropriate equipment, with documented
standard operating procedures, quality-assurance systems, and
full records, and they reiterate that extemporaneous preparations
are exceptional, patient-specific and based on a valid prescription,
not a mechanism for routine batch production. Extemporaneous
compounding is further constrained by the Medicines and Related
Substances Act 101 of 1965 and its General Regulations, which
permit compounding only within the narrow exemption in section
14(4), for quantities related to an individual patient’s treatment
and using active ingredients that are already present in at least one
registered medicine. By contrast, GMP, as defined in SAHPRA's South
African Guide to Good Manufacturing Practice for Medicines, applies
to licensed manufacturers of finished products, including sterile
peptide injectables, and requires a level of validated process control,
environmental monitoring and batch-release testing that goes well
beyond what is envisaged for a pharmacy compounding unit.

SAHPRA is a participating authority in the Pharmaceutical
Inspection Co-operation Scheme (PIC/S), which means South African
manufacturers are expected to meet internationally aligned GMP
standards.

Within this combined framework, a pharmacy that compounds
occasionally for named patients is expected to comply with GPP and
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with the compounding conditions in section 14(4) of the Medicines
Act; it is not expected to operate to full GMP standards. However,
once a pharmacy begins to prepare unregistered glucagon-like
peptide-1 (GLP-1) receptor agonists or dual GIP/GLP-1 receptor
agonist injections in bulk, for commercial distribution, it no longer
fits within the legal definition of extemporaneous compounding. It
is effectively functioning as a manufacturer without a manufacturing
licence, without registered products under section 14(1), and without
compliance with SAHPRA's GMP expectations. They are now widely
promoted as weight-loss injections on social media and offered
in some private and aesthetic settings, despite SAHPRA warnings
about unregistered GLP-1 products sold through informal and online
channels.

Within this combined framework, the routine preparation of
unregistered glucagonlike peptidel (GLP1) receptor agonists or
dual GIP/GLP1 receptor agonist products in bulk, for commercial
distribution, does not fall within lawful extemporaneous
compounding; it is treated in law as the manufacture and sale
of unregistered medicines in contravention of section 14(1) of
the Medicines Act and outside both GPP and applicable GMP
requirements.

SAHPRA's 2025 RC03 communication moves further in relation to
incretin-based peptides. In that notice, the Authority announces
its intention, in terms of section 23 of the Medicines Act, to
declare medicines compounded under section 14(4) that contain
GLP-1 active components, or combinations of GLP-1 and gastric
inhibitory (glucose-dependent insulinotropic) polypeptide (GIP)
agonist components, to be “undesirable’, on the basis that their
extemporaneous preparation is not in the public interest. In such
circumstances, the legal position is not ambiguous, the entities
involved are operating outside the compounding exemption,
manufacturing unregistered medicines in contravention of the
Medicines Act 101 of 1965 and breaching professional rules under the
Pharmacy Act.

The SAPC Code of Conduct requires that the wellbeing of the
patient and the public remain the pharmacist’s prime concern, that
professional independence be maintained, and that pharmacy
professionals avoid perverse incentive arrangements that place
self-interest or commercial gain above lawful, ethical, and safe
practice.

In a strictly legal or commercial reading, patients appear primarily as
“demand drivers” for weight-loss injections. In an ethical reading, they
appear as people with complex histories of stigma, failed treatments,
and often carry deep shame around obesity and metabolic disease.
An empathetic posture recognises that such patients are particularly
vulnerable to promises of “quick fixes” and may struggle to appraise
risk in the face of hope. Ethical pharmacy practice, especially in a
resource-constrained system, therefore, asks not only “can | provide
this product?” but “what does it mean to offer this to this person, in
this context, with this level of evidence uncertainty?”. Empathy here
is not sentimentality; it is a disciplined willingness to see the patient’s
vulnerability clearly, to recognise our own power in the interaction,
and to act in ways that protect rather than exploit that vulnerability.

Bringing these strands together, a coherent ethical framework for
South African pharmacy would include at least three commitments.
First, a deontological commitment to the Code of Conduct and GPP,
the patient’s wellbeing and public health come before profit and
convenience; we do not enter into perverse arrangements even
when they are lucrative. Second, an evidence-based commitment, we
do not manufacture, promote or dispense medicines whose quality,
safety and efficacy have not been established through appropriate
regulatory pathways, particularly when regulators have explicitly
declared them undesirable. Third, an empathy-infused, relational
commitment we refuse to turn patients’ desperation and structural
barriers to care into a market opportunity, and we consciously design
our services, whether in obesity, diabetes or any other field to support
dignity, informed choice and shared decision-making rather than
dependency and risk. Not just lip service.

Seen through this ethical lens, the GLP-1/peptide story is not primarily
about “bad apples” caught in a regulatory net. It is a stress test of our
collective moral posture as a profession that prides itself on science,
stewardship and patient-centred care. Our response will signal to our
students, our colleagues and our regulators whether we are prepared
to align our incentives with our ethics, and our practice with both the
law and the people it is designed to protect.

Ata system level, we need clearer, practical guidance on the regulatory
status of peptide products, particularly biologics and dualagonist
combinations. We need transparent, sciencebased criteria for when
local manufacturing is in the public interest and what standards
must be met. We need closer alignment between SAHPRA, SAPC,
professional bodies and academic partners, so that policy, education
and practice do not pull in different directions. At a practice level,
pharmacy owners and responsible pharmacists must subject their
own business models to honest scrutiny. Does this service align with
GPP, our Code of Conduct and our commitments to safety and equity?

Crucially, we must not treat the current peptide debate as an
isolated compliance problem. It is taking place in a profession that
is simultaneously expanding its roles in primary health care within
the mandate of the National Health Insurance (NHI). | believe the
real question before us is not whether local peptide innovation
is inherently good or bad. It is whether any such innovation is
embedded in lawful, transparent resilient needsbased models that
genuinely improve access without compromising safety or equity. Ina
country where so many still lack reliable access to essential medicines
and dependable pharmaceutical care, we have to be precise about
what we mean by “access” If it simply means that those with means
can buy unregistered injectables from whoever is willing to sell them,
then we have not advanced access at all; we have merely packaged
excess in clinical language. We have to be resilient in a market that
changes so quickly.

Taken together, the legal and regulatory framework leaves little
room for ambiguity. Section 14(1) of the Medicines Act establishes
registration as the norm for all medicines, with section 14(4) creating
only a narrow, patient-specific compounding exception; section 14(4)
(b) and the General Regulations make clear that this exception is
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constrained in both quantity and active-ingredient choice. SAHPRA's
RCO3 notice and subsequent GLP-1 warnings have now explicitly
closed this exception for GLP-1 and GLP-1/GIP agonist products
by signalling an intention to declare them “undesirable” when
compounded and by treating their bulk production and promotion as
unlawful manufacturing and distribution of unregistered medicines.
At the same time, the SAPC Code of Conduct and GPP rules oblige
pharmacists and registered support personnel to put patient
and public wellbeing first, maintain professional independence,
comply with all applicable legislation and avoid perverse incentive
arrangements that place personal or commercial gain above legal
and ethical duties.

For South African pharmacy, the evidence therefore points in one
direction: large-scale “compounding” and marketing of unregistered
GLP-1 and GLP-1/GIP peptides for weight loss cannot be reconciled
with the Medicines Act, SAHPRA's regulatory stance or the profession’s
own Code of Conduct. Whatever debates continue about access and
innovation in diabetes and obesity care, they must occur within
the framework of registered products, licensed manufacture and
lawful, evidence-based practice if pharmacy is to retain its claim to
stewardship, integrity and public trust.

Natalie Schellack
Editor: SA Pharmaceutical Journal
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+ High Bio-availability: The formulation consists of 97.4%
ionic silver, ensuring active Ag+ ions are immediately
available for bio-activity upon application.

Uncompromising Safety for Sensitive Tissues
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President’s Message

Celebrating 80 years of organised pharmacy in South Africa

I have always liked birthdays. Not for the cake - although that helps -
but for what happens just before the candles are blown out. There is
usually a pause. People gather a little closer. Someone starts telling a
story: “Do you remember when...?” And for a moment, time stretches.
You are not only celebrating a number, but a life.

This year, the Pharmaceutical Society of South Africa turns eighty.
Eighty years of organised pharmacy in South Africa is not simply
about longevity. It is about continuity and commitment. Since its
formal establishment in 1946, the PSSA has provided a space where
pharmacists could come together, speak with a collective voice,
and contribute to healthcare beyond the walls of their individual
practices. Even before 1946, there was already a clear understanding
among pharmacists that the profession needed unity and direction.
That instinct to collaborate in service of both the profession and the
public remains just as relevant today.

What makes pharmacy in South Africa distinctive s its diversity. It is not
one type of practice, but many. Community pharmacists are often the
most accessible healthcare professionals. Those in the public sector
work within systems that demand resilience and adaptability. Clinical
pharmacists bring depth and precision to patient care. Colleagues in
academia and industry drive knowledge, research, and innovation.
These are not separate tracks; they are interconnected parts of the
same profession, each strengthening the other.

Pharmacy also occupies a unique position in the health system. It sits
at the interface between medicines and patients, between policy and
practice. This position carries both responsibility and opportunity.
When pharmacy is actively engaged, access improves, safety is
strengthened, and patient outcomes are better supported.

Over the years, the PSSA has helped to keep this collective effort
aligned. By bringing different sectors together, the Society has
supported professional development, contributed to policy
discussions, and ensured that pharmacy remains an active participant
in shaping healthcare in South Africa. It has also connected local
practice to global conversations, allowing South African pharmacists
to both learn from and contribute to the wider profession.

The role of pharmacy continues to expand. Pharmacists are
increasingly involved in primary healthcare, from initiating treatment
to supporting long-term patient management. There is growing
engagement in areas such as antimicrobial stewardship, medicine
safety, and the development of local pharmaceutical capacity. These
are not small shifts; they represent a profession that is evolving in
response to the needs of the health system.

Looking ahead, the next decade will require deliberate action. The
pharmacy workforce must be supported and developed so that it
can meet both current and future demands. Sustainable funding
models will be needed to balance access with quality care. Innovation,
particularly in areas like pharmacovigilance and data use, should be
embraced to strengthen medicine safety. And within the profession,
there is still work to be done in building stronger connections across
sectors.

Yet, beyond all of this, the story of pharmacy is ultimately a human
one. It is written every day by individuals: the pharmacist opening
the pharmacy doors early in the morning, the colleague managing
long queues in a busy clinic, the clinician reviewing medicines at the
bedside, the academic guiding the next generation, and the young
graduate stepping into practice for the first time.

So, as we mark this 80-year milestone, perhaps we return to that
familiar birthday moment. The pause. The reflection. The stories. It is
a time to acknowledge what has been built, to appreciate those who
have contributed, and to consider what comes next.

There is much to be proud of, and even more to work towards. If the
past eighty years have shown anything, it is that pharmacy in South
Africa is at its best when it moves forward together.

Happy birthday, PSSA.

Renier Coetzee
PSSA President
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Pharmaceutical Society of South Africa

80 Years of the PSSA: the Past, the Present and the Future

In 2026, the Pharmaceutical Society of South Africa (PSSA) proudly
commemorated its 80th anniversary, a remarkable milestone that
reflects eight decades of leadership, advocacy, and commitment
to advancing the pharmacy profession in South Africa. This historic
occasion was celebrated during SAPHEX 2026 through a dedicated
commemorative programme that brought together local and
global leaders, stakeholders, and members of the profession to
reflect on the Society’s journey and envision its future.

The celebration commenced with a formal welcome by the Master
of Ceremony, Kesentseng Jackson Mahlaba, who set the tone for a
reflective and forward-looking programme. This was followed by a
powerful multimedia presentation that captured the evolution of

PSSA 80™ Anniversary Commemorative Stage at SAPHEX 2026

the PSSA over the past 80 years. The presentation highlighted key
milestones, including the Society’s role in shaping professional
standards, advocating for pharmacists, and supporting the
development of pharmacy education and practice across various
sectors.

A special video message from the President of the International
Pharmaceutical Federation (FIP), Paul Sinclair, underscored the
global significance of the PSSA’s contributions. His message
acknowledged the Society’s longstanding commitment to
professional excellence and its alignment with international
efforts to strengthen the role of pharmacists in healthcare systems
worldwide.

Delivering the keynote address, PSSA President Prof Renier
Coetzee, reflected on the theme: “Honouring the Past, Strengthening
the Present, Shaping the Future of Pharmacy”. His address paid
tribute to the pioneers of the profession while emphasising the
importance of unity, innovation, and resilience in navigating the
evolving healthcare landscape. He highlighted the critical role of
pharmacists in improving patient outcomes and reinforced the
need for the profession to remain adaptable and forward-thinking.

The commemorative programme was further enriched by
messages from key stakeholders who play an integral role in
the healthcare ecosystem. The Minister of Health, Dr Aaron
Motsoaledi, delivered a pre-recorded message acknowledging
the contribution of pharmacists to public health and the ongoing
transformation of the healthcare system. Contributions from

PSSA President Prof Renier Coetzee
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Tammy Gopal of the South African Health Products Regulatory
Authority (SAHPRA), Mogologolo Phasha, President of the South
African Pharmacy Council (SAPC), and Mehboob Ali Cassim,
Chairman of the Independent Community Pharmacy Association
(ICPA), reinforced the importance of collaboration between
regulatory bodies, professional organisations, and practitioners in
advancing healthcare delivery.

A unique and defining feature of the celebration was the inclusion
of reflections from the various sectors of the PSSA, showcasing
the diversity and depth of pharmacy practice in South Africa.
Representatives from the Academy of Pharmaceutical Sciences of
South Africa (APSSA), the South African Association of Community
Pharmacists (SAACP), the South African Association of Hospital and
Institutional Pharmacists (SAAHIP), the South African Association
of Pharmacists in Industry (SAAPI), and the Young Pharmacists’
Group (YPG) shared insights into their respective domains. These
reflections highlighted not only the progress made within each
sector but also the shared commitment to excellence, patient
care, and professional development.

The theme of leadership across generations was brought to life
through reflections from past PSSA Presidents: Dr Johann Kruger,
Prof Sarel Malan, Mr Tshifhiwa Rabali, and pre-recorded messages
from Mr Joggie Hattingh and Dr Sybil Seoka. Their contributions
provided a rich historical perspective, emphasising the continuity
of leadership and the enduring values that have guided the
Society over the years. These reflections served as a reminder that
the strength of the PSSA lies in its ability to build on the legacy of
its leaders while embracing new ideas and perspectives.

Adding a creative dimension to the programme, an artistic
poetry performance offered a sentimental reflection on the role
of pharmacists as custodians not only of medicines but also
of health, advocates for patients, and contributors to society.
This segment captured the human element of the profession,
reminding attendees of the compassion and dedication that
underpin pharmaceutical practice.

As the celebration drew to a close, it was evident that the 80th
anniversary of the PSSA was not merely a commemoration of the
past, but a call to action for the future. The event highlighted the
importance of strengthening partnerships between academia,
industry, regulators, and practitioners, while also creating space
for emerging voices within the profession.

The PSSA’s journey over the past 80 years is a testament to the
resilience and adaptability of the pharmacy profession in South
Africa. From its early beginnings to its current role as a unifying
body representing diverse sectors, the Society has consistently
championed the interests of pharmacists and the patients they
serve. As the healthcare landscape continues to evolve, the PSSA
remains well-positioned to lead the profession into the future.

In celebrating this milestone, the PSSA reaffirms its commitment to
its core mission: To support and promote the pharmacy profession
in advancing patient care and providing medicine access to all by
harnessing professional standards of pharmaceutical practice in

Delegates attending PSSA's 80™" celebration

all settings. The 80th anniversary serves as both a reflection of
past achievements and a foundation upon which the future of
pharmacy can be built.

Plenary Session 2 on the PSSA SAPHEX programme featured a
panel discussion on the National Health Insurance (NHI) and its
implications for pharmacy. The opening presentation by the
session Chairperson, Dr Sham Moodley, outlined NHI milestones,
current progress, and the implications for pharmacy services,
setting the context for the broader discussion. Central to the
conversation was how medicines would be managed within the
NHI framework, including their selection, pricing, procurement or
reimbursement, and the contracting of both public and private
pharmacies.

From a policy standpoint and health economics perspective,
presented by Prof Nicholas Crisp, provided insight into the
direction of NHI implementation and addressed considerations
of sustainability and cost-effectiveness within the system. The
private sector viewpoint, shared by Mr Jameel Kariem of the
South African Association of Community Pharmacists, focused on
implementation readiness and the preparedness of community
pharmacies. From the public sector, Mr Nhlanhla Mafarafara
of the South African Association of Hospital and Institutional
Pharmacists spoke to system alignment and the realities within
public healthcare settings.

Panel discussion on NHI
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A key starting point was the legal status of the NHI Act. It
was clarified that while certain sections of the Act have been
paused by agreement and made an order of court, this does
not constitute a final ruling on its constitutionality. Importantly,
preparatory work has not been halted, and government continues
to advance key elements of system readiness while awaiting the
outcome of Constitutional Court proceedings. In this context, it
was emphasised that NHI preparation is ongoing and cannot be
delayed. Efforts are continuing across multiple areas, including
health system strengthening, improvements to hospitals and
clinics, medicine supply systems, stock visibility, digital health
infrastructure, patient registration systems, provider accreditation
design, and benefit package development. The overarching
message was that system readiness must progress in parallel with
legal processes.

The discussion further highlighted that NHIimplementation will be
phased rather than immediate, with primary healthcare expected
to form the foundation of early rollout. This phased approach
reflects a deliberate strategy to introduce reforms progressively,
allowing for system adjustment and learning over time. Within
this evolving framework, pharmacy was consistently positioned
as central to the future health system. Panellists emphasised that
pharmacists are expected to play a broad and integrated role
spanning manufacturing, distribution, hospital and community
pharmacy, dispensing, patient counselling, and preventive and
clinical services. There was a clear long-term vision of pharmacists
functioning as part of multidisciplinary primary healthcare teams,
contributing to improved access, continuity of care, and patient
convenience.

From a private sector perspective, community pharmacy was
described as willing and capable, but not uniformly ready. While
many pharmacies already provide services such as blood pressure
and glucose monitoring, screening, and basic patient support,
gaps remain in clinical capability, training, accreditation readiness,
information technology systems, staffing, infrastructure, and
operational funding. Differences in readiness between corporate
and independent pharmacies were noted as a significant
consideration. The issue of accreditation under NHI was also
clarified. It was indicated that pharmacies are unlikely to face
entirely new or duplicative inspection processes, given existing
regulation by the South African Pharmacy Council. Instead,
a streamlined process involving application and submission
of compliance documentation is anticipated, with the stated
intention of expanding access rather than limiting participation.

From the public sector perspective, the discussion acknowledged
that South Africa has developed strong national policies and
systems relating to medicine selection, essential medicines lists,
procurement, and pricing. However, a consistent concern was the
gap between national design and provincial implementation, with
variability in execution at facility level remaining a major challenge.
Concerns around procurement and supply chain systems featured
prominently. It was noted that current approaches often rely on
historical consumption rather than actual patient need, limiting

the system’s ability to accurately forecast demand and ensure
continuity of care. A shift toward data-driven planning based
on patient numbers, disease burden, adherence, and treatment
outcomes was identified as essential for improving procurement,
reducing waste, and strengthening service delivery.

A key structural concept discussed was the purchaser—provider
split. Under this model, the NHI Fund will act as a strategic
purchaser, responsible for funding services, determining benefits
and formularies, and contracting providers, while not directly
delivering care. Providers, including pharmacies, would remain
responsible for procuring, stocking, and dispensing medicines,
with reimbursement aligned to the NHI payment framework.
This positions pharmacies as potential key access points for
publicly funded medicine distribution. The continued use of
Essential Medicines Lists and Standard Treatment Guidelines was
anticipated, with increasing support from Health Technology
Assessment to guide decisions on cost-effectiveness, value for
money, and benefit design. However, pharmacy reimbursement
models remain unresolved. Various options, including capitation,
fee-for-service, and blended approaches, were discussed, with
recognition that a single model may not be suitable across diverse
practice settings. The potential inclusion of performance-based
incentives linked to quality and outcomes was also raised.

One of the most consistent themes throughout the discussion was
the limitation of current information systems. The health system
was described as fragmented and heavily reliant on paper-based
processes, resulting in poor continuity of care, weak medicine
tracking, and limited ability to plan effectively. The proposed
digital future includes integrated systems such as a national
patient registration system, provider registries, a master facility
list, and electronic medical records, all aimed at improving data
visibility, accountability, and coordination of care. This digital
transition represents a significant operational shift for pharmacy.
Panellists emphasised that readiness under NHI will depend not
only on service provision but also on the ability of pharmacies to
integrate with national digital systems, support stock visibility,
and undertake structured clinical reporting. Pharmacists may
be required to document patient interactions, interventions,
and outcomes more consistently to support funding, quality
measurement, and system planning.

Industry participants raised concerns regarding the sustainability
of originator products, the need to diversify into generics, and
the broader impact of NHI on local manufacturing. Government
indicated that procurement strategies would aim to maintain
supply stability by avoiding over-reliance on single suppliers. At
the same time, local manufacturing was recognised as a strategic
priority, with ongoing efforts to support domestic production
capacity and regional collaboration.

The session concluded with a clear call to action for the pharmacy
profession. Panellists emphasised the importance of continued
engagement with policy processes, investment in technology,
workforce upskilling, and the standardisation and expansion of
services. Pharmacists were encouraged not only to respond to
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policy developments but to actively shape them by proposing
practical models, piloting solutions, and demonstrating the
value of pharmacy within the health system. A particularly
strong closing message was that pharmacy should move beyond
asking what its role will be under NHI and instead define and

demonstrate that role. The discussion underscored that while NHI
presents uncertainty, it also offers a significant opportunity for the
profession to position itself as a central contributor to universal
health coverage in South Africa.

PSSA/INSIGHT CPD programme

Module 2: Obesity and weight loss in adults

Obesity can no longer be regarded as a condition caused simply
by an imbalance between energy in and energy out and, by
implication, something that can be managed by mere willpower.
Clinical practice guidelines all over the world now acknowledge
that obesity is a chronic disease, much like type 2 diabetes,
hypertension and dyslipidaemia are chronic diseases.

Obesity is also associated with a higher risk of type 2 diabetes,
cardiovascular disease and several cancers. Health-related quality
of life is significantly lower for people living with obesity compared
with the general population owing to impaired mental health,

increased depression and anxiety, greater pain and discomfort
and reduced mobility.

Many healthcare providers believe that obesity is the result of
poor lifestyle choices that are under the voluntary control of
affected individuals. However, many factors contribute to the
development of obesity, including genetics, age, lifestyle factors,
and hormonal issues.

This module provides an update on adult obesity, its prevention
and management and is largely based on the recently published
clinical practice guideline on the management of obesity in adults
in South Africa.

PSSA/INSIGHT pharmacy staff clinical education

programme

Module 2: Overweight and obesity

Overweight and obesity have increased globally. In 2022,
an estimated 2.5 billion adults aged 18 years and older were
overweight or obese. This corresponds to 43 % of adults aged 18
years and older being overweight or obese. This is a substantial
increase from 1990, when 25 % of adults aged 18 years and older
were overweight or obese.

Obesity is a chronic medical condition, much like type 2 diabetes
and high blood pressure are chronic medical conditions. In other
words, obesity can no longer be regarded as a condition caused
simply by eating too much and exercising too little. This outdated
perception has led to the stigmatisation of people living with
obesity. We now know that there are many factors that contribute
to the development of obesity, including genetics, age, and
lifestyle factors.

This module is designed to equip pharmacy front shop staff to
identify and refer customers who would benefit from weight loss
interventions, particularly those looking for information on weight
loss or wanting to purchase a weight-loss product.

Registration for the 2026 PSSA/INSIGHT CE Programme is
now fully online

Simply visit www.insightcpd.co.za and under Registration select:

Previously enrolled participants - for those renewing for 2026
OR

New participants - for those enrolling in the Programme for
the first time

For more information or any registration queries, please contact our
CPD Manager:

Glynis van der Watt
Tel:011 706 6939
Cell: 083 601 4567

Email: glynisv@insightmed.co.za
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When relevance outshines timing — Reflections from

SAPHEX 2026

Thinavhuyo Musekene

YPG presenters at SAPHEX: Telicia Jobraj, Matladi Morapedi, Aisha Adam
and Kevin Baloyi

At SAPHEX 2026, the Young Pharmacists Group (YPG) delivered a
compelling reminder that influence within the profession is not
dictated by programme placement, but by purpose. Scheduled
as the final session on a rain-soaked afternoon, the YPG could
easily have been overlooked. Instead, it became one of the most
engaging and thought-provoking sessions of the event.

This moment reflects a broader shift within pharmacy:
young professionals are no longer waiting to be invited into
conversations about the future, they are actively shaping them.

What made the session particularly impactful was not only
the diversity of topics, but the coherence of its underlying
message. Across discussions on mentorship, digital health,
and generational dynamics, a clear theme emerged: the future
of pharmacy will depend on how intentionally the profession
invests in people, adapts to change, and fosters collaboration.

Mentorship, often spoken about butinconsistentlyimplemented,
stood out as a critical point of reflection. Framing mentorship as a
“ripple effect” challenges the profession to move beyond passive
encouragement toward active participation. If one empowered
individual can influence many others, then mentorship is not
simply a professional courtesy it is a strategic imperative.

Yet, this raises an uncomfortable question: are we doing enough
to institutionalise mentorship within pharmacy? Too often,
mentorship depends on informal relationships or individual
initiative. While these are valuable, they are not sufficient. A
profession that recognises the importance of mentorship must
also take responsibility for creating structured, accessible, and
inclusive mentorship opportunities.

The discussion on digital health further underscored the urgency
of adaptation. As healthcare systems become increasingly
digitised, pharmacists must reconsider the boundaries of their
roles. Digital health promotion is no longer a niche interest, it is
an essential component of modern healthcare delivery.

The call for pharmacists to become digital health champions
is both timely and necessary. Whether through social media
engagement, community-based interventions, or technology-
driven patient support, pharmacists have an opportunity to
extend their impact far beyond the dispensary. However, this
opportunity also comes with responsibility. If pharmacists do
not actively define their place in the digital health landscape,
they risk being sidelined as other professions and sectors take
the lead.

Equally significant was the conversation around generational
dynamics within the profession. The perceived divide between
younger and more experienced pharmacists is often framed
as a tension between innovation and tradition. This framing,
however, is overly simplistic and ultimately counterproductive.

Young pharmacists are navigating a professional environment
characterised by systemic challenges, including limited
opportunities, evolving practice demands, and increasing
expectations. At the same time, experienced professionals
hold the institutional knowledge and influence necessary to
drive meaningful change. The issue, therefore, is not one of
opposition, but of integration.

Progress within pharmacy will depend on the ability of these
groups to move beyond assumptions and engage in genuine
collaboration. This requires effort on both sides: younger
professionals must be willing to learn and engage constructively,
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while established practitioners must remain open to new
perspectives and approaches.

Importantly, the session also highlighted the need for
African voices in global health leadership. Encouraging
young pharmacists to take up leadership roles is not merely
aspirational; it is essential for ensuring that health systems are
shaped by those who understand local contexts and challenges.
Representation in leadership is not just about visibility it is about
influence and impact.

The closing discussions reinforced a central idea: leadership in
pharmacy is not confined to titles or positions. It is demonstrated
through initiative, engagement, and a willingness to contribute
to the profession’s growth.

In many ways, the YPG session at SAPHEX served as both a
reflection and a call to action. It highlighted existing strengths
within the profession while also drawing attention to areas
requiring deliberate focus and investment.

If there is one lesson to be taken forward, it is that the future of
pharmacy will not be shaped by circumstance alone. It will be
shaped by the choices made today by individuals who choose to
mentor, to innovate, and to collaborate.

The question is no longer whether young pharmacists are ready
to lead. The real question is whether the profession is prepared
to evolve alongside them.

Bridging the gap before it widens — The promise of

“Connect and Elevate”

Thinavhuyo Musekene

The journey from pharmacy student to practicing professional is
often marked by a significant and persistent gap. While acade-
mic training provides the scientific and technical foundation
required for practice, it frequently falls short in preparing
students for the realities of the professional environment. This
disconnect between knowledge and application, expectation
and experience has long been recognised, yet remains
insufficiently addressed.

. The Young Pharmacists’ Group (YPG), through its “Connect and
- Elevate” Campus Outreach Project, offers a timely and necessary
intervention. More than a simple outreach initiative, it represents
: arethinking of how the profession supports its future members.

At its core, “Connect and Elevate” is built on a powerful premise:
Exposure shapes aspiration. By bringing together professionals
from across the pharmacy landscape - including industry
leaders, entrepreneurs, hospital pharmacists, and academics -
the initiative provides students with access to perspectives that
extend beyond the classroom.

This exposure is not merely informative; it is transformative.
When students are able to engage with diverse career pathways
and hear directly from those navigating them, they gain a
clearer sense of what is possible. Career decisions become
more intentional, and professional identity begins to take shape
earlier.

This raises an important consideration for the profession: should
career clarity be left to develop organically, or should it be

actively cultivated? “Connect and Elevate” argues for the latter.
It positions mentorship, guidance, and real-world engagement
as essential components of professional development not
optional extras.

The significance of this approach becomes even more apparent
when considering the rapidly evolving nature of pharmacy. The
profession is no longer confined to traditional roles, and career
pathways are becoming increasingly diverse. Without adequate
exposure, students may remain unaware of opportunities that
align with their interests and strengths.

In this context, “Connect and Elevate” serves as a bridge that
links academic training with professional reality. It helps to
contextualise learning, making it more relevant and applicable.
More importantly, it empowers students to navigate their
careers with greater confidence and agency.

There is also an important equity dimension to the initiative.
Access to mentorship and professional networks is not evenly
distributed. Some students benefitfrom established connections
and support systems, while others must navigate the profession
with limited guidance. This disparity can influence not only
career outcomes, but also confidence and participation within
the profession.

By creating structured opportunities for engagement, “Connect
and Elevate” has the potential to level this playing field. It
ensures that exposure is not dependent on personal networks,
but is made accessible to a broader group of students.
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However, the success of such an initiative cannot be measured
solely by its immediate impact. The true value lies in its
sustainability and scalability. For “Connect and Elevate” to
fulfil its potential, it must evolve into a continuous and widely
accessible platform.

This will require collaboration across the profession. Academic
institutions, professional bodies, and industry stakeholders all
have a role to play in supporting and expanding such initiatives.
Investment in early career development should not be seen as
an added responsibility, but as a strategic priority.

Furthermore, initiatives like “Connect and Elevate” challenge
the profession to reconsider how it defines preparedness.
Academic competence, while essential, is only one aspect of
professional readiness. Confidence, adaptability and awareness
of opportunities are equally important, and these are often
developed through exposure and engagement.

In this sense, “Connect and Elevate” represents more than
a project; it signals a shift in mindset. It reflects a growing
recognition that preparing future pharmacists requires a
more holistic approach, one that integrates knowledge with
experience, and ambition with guidance.

If sustained and expanded, this initiative could fundamentally
reshape how students transition into the profession. Instead of
entering the workforce uncertain and reactive, graduates could
emerge informed, connected, and proactive.

Ultimately, the question is not whether initiatives like “Connect
and Elevate” are valuable, their importance is clear. The real
question is whether the profession is willing to invest in them
long enough, and broadly enough, to create lasting change.

Because bridging the gap is not a once-off effort. It is an ongoing
commitment.

Feel free to reach out to us at | Email: ypg@pssa.org.za | Facebook: Young Pharmacists’ Group of PSSA | Instagram: @pssaypg
LinkedIn: Young Pharmacists’ Group of PSSA
Young pharmacists - connected, engaged, empowered and inspired!
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Dry eye disease management: the pharmacist as first-line
health professional
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Abstract

Dry eye disease is a disorder of the ocular surface, characterised by tear film instability, hyperosmolarity, inflammation, and neurosensory
abnormalities. It is caused by multiple intrinsic and extrinsic factors that disrupt tear film stability and ocular surface homeostasis, from
medication, environmental factors and use of contact lenses. Dry eye disease is diagnosed with the presence of symptoms as well as objective
diagnostic tests. Patients commonly report dryness, burning, stinging, grittiness, and fluctuating or blurred vision. Treatment focuses on
improving tear film stability and relieving symptoms. Eye drop formulations known as artificial tears are the mainstay treatment, which work
by reducing inflammation and improving lubrication. The length of therapy varies and is dependent on the severity of symptoms, with acute
symptoms treated for 3-14 days and chronic symptoms often for 1 month or more. Alternative therapies like topical corticosteroids, non-
steroidal anti-inflammatory or vitamin A drops are indicated for more severe or chronic symptoms. Furthermore, medical device or surgical
intervention may be considered. With most of the first-line treatment available as over-the-counter products, pharmacists are often the first
point of contact when seeking healthcare, and pharmacists must be able to differentiate between dry eye disease and other ophthalmic

conditions and know when to refer for further specialist follow-up.

Keywords: dry eye disease, tear film instability, artificial tears, pharmacist-initiation
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Introduction

Dry eye disease (DED) is a common disorder of the ocular surface
that is characterised by tear film instability, hyperosmolarity,
inflammation, and neurosensory abnormalities." It is not just a
simple deficiency of tears but a chronic inflammatory condition
that affects the ocular surface and lacrimal function. As illustrated
in Figure 1, the tear film consists of lipid, aqueous, and mucin
layers that help maintain optical clarity, lubrication, and protect
the cornea. If any component of this structure is compromised,
there is loss of ocular surface integrity that may lead to visual
function impairment.?

Lacrimal gland
Conjunctiva

- Cornea

o— Mucous
layer

+— Watery
layer

«— Oil layer

Meibomian glands

Figure 1: Anatomy of the tear film showing its three major layers - lipid,
aqueous and mucin - covering the ocular surface®

https://doi.org/10.36303/SAPJ.4348

DED is classified into two major types — aqueous tear deficiency
and evaporative dry eye, with most patients presenting with
features of both types.! Aqueous tear deficiency is caused by
reduced lacrimal gland secretion, which leads to inadequate
tear volume. Evaporative dry eye occurs when excessive tear
evaporation due to meibomian gland dysfunction destabilises the
tear film.2 Evaporative dry eye is the most prevalent type globally,
especially due to prolonged digital screen use, environmental
dryness, or incomplete blinking.*

Globally, the prevalence of DED differs depending on the
diagnostic criteria and study population, reported to range from
approximately 5% to more than 50%.* A recent systematic review
and meta-analysis by Ismail et al.® of 15 studies involving over
7000 participants reported an overall prevalence of approximately
43.6%, ranging from about 30.7% in some African regions to
over 80% in South Africa. This highlights that nearly four in ten
individuals in African settings are affected by DED, underscoring
its significance as a public health concern. Similarly, South
African studies showed a high prevalence that is influenced
by environmental factors, occupational exposure, climate, and
comorbidities such as diabetes mellitus.” DED significantly impairs
quality of life, reduces productivity, and causes economic and
healthcare burden, particularly in the older population.®

Aetiology

DED is caused by multiple intrinsic and extrinsic factors that
disrupt tear film stability and ocular surface homeostasis. Aqueous
tear deficiency may be caused by autoimmune destruction of the
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lacrimal gland in Sjégren’s syndrome, or from age-related lacrimal
gland dysfunction and systemic diseases such as diabetes mellitus.?
Certain medications such as antihistamines, antidepressants, and
isotretinoin reduce tear secretion through anticholinergic effects
and suppressing the lacrimal gland.

Evaporative dry eye is secondary to meibomian gland dysfunction,
where there is obstruction or altered lipid secretion that reduces
stability of the tear film's lipid layer.! The function of the lipid layer
is to prevent excessive evaporation; its dysfunction accelerates
tear film breakup and increases osmotic stress on the ocular
surface. Air pollution, low humidity, high temperatures, and
prolonged screen exposure increase the rate of evaporation.
Epidemiological studies also identify increasing age, the female
sex, hormonal influences, use of contact lenses, and systematic
inflammation as risk factors.*® In South African populations,
rising temperatures, intense heat, and dry conditions combined
with occupational exposures, such as outdoor manual labour in
agriculture, mining, and construction and indoor work in poorly
ventilated or environments with no air-conditioning, may amplify
susceptibility to evaporative mechanisms.”'°

Pathophysiology of dry eye disease

DED results from the disruption of tear film homeostasis and
inflammation. Reduced tear production andincreased evaporation
lead to tear hyperosmolarity, which is the key mechanism of the
disease." Hyperosmolar tears cause osmotic stress on the epithelial
cells of the cornea and conjunctiva, which triggers intracellular
signalling cascades that promote the release of pro-inflammatory
cytokines and matrix metalloproteinases.?

The inflammatory response results in epithelial cell damage,
loss of goblet cells, and decreased mucin production, further
destabilising the tear film. Goblet cells secrete mucins that
allow tears to adhere to the ocular surface. Loss of goblet cells
compromises the integrity of the tear film and accelerates
tear breakup. Chronic inflammation may impair lacrimal gland
function, further reducing aqueous tear production and
intensifying hyperosmolarity. Recent immunobiological research
further highlights the role of both innate and adaptive immune
responses in sustaining inflammation, including T-cell activation
and cytokine-mediated tissue damage."

All these mechanisms interplaying simultaneously cause a self-
perpetuating cycle of DED, where tear instability, hyperosmolarity,
and inflammation lead to chronic damage of the ocular surface
and persisting symptoms.! Neurosensory abnormalities may
develop, altering corneal nerve function and contributing to
symptom-sign discordance observed in many patients.

Diagnostic parameters

DED diagnosis requires both the presence of symptoms and
objective evidence of tearfilminstability or ocular surface damage.’
Standardised symptom questionnaires, such as the Ocular Surface
Disease Index (OSDI) and the Dry Eye Questionnaire (DEQ-5), are

typically used to determine symptom intensity and effect on daily
activities.*

Obijective diagnostic tests assess tear production, stability, and
osmolarity. Tear break-up time (TBUT) evaluates tear film stability.
It is a measure of duration from a complete blink to the first visible
dry spot on the corneal surface.” It is commonly measured using
fluorescein dye that is applied into the lower conjunctival sac
using a moistened strip; the patient is asked to blink to distribute
the dye evenly across the tear film and then avoid blinking while
keeping the eyes open.™ A slit lamp with cobalt blue filter is used
to measure the interval (in seconds) from the last blink to the
first dark spot on the cornea, indicating tear film break-up.’ The
test is typically repeated and averaged, and a value of less than
10 seconds suggests tear instability.” The Schirmer test measures
aqueous tear production, where a narrow strip of filter paper is
inserted inside the lower eyelid for 5 minutes, and the extent of
wetting indicates tear secretion: 0-5 mm indicates extremely
dry eyes, 5-10 mm moderately dry, 10-15 mm possible dry eyes,
and over 15 mm is considered normal.’® Tear osmolarity testing
provides a quantitative marker of hyperosmolar stress, with values
> 308 mOsm/L or significant inter-eye differences supporting a
diagnosis of dry eye." Ocular surface staining with fluorescein or
lissamine green enables visualisation of epithelial damage and is
useful in grading disease severity."”

Contemporary diagnostic approaches emphasise combining
symptom assessment with multiple objective parameters rather
than relying on a single test, thereby improving diagnostic
accuracy and allowing for subtype differentiation.’

Signs and symptoms

Symptoms are characteristic of tear film instability and ocular
surface irritation. Patients commonly report dryness, burning,
stinging, grittiness, and fluctuating or blurred vision. Visual
disturbances worsen when there is reduced blinking during
prolonged computer use or reading.* In some cases, excessive
reflex tearing may occur due to ocular surface irritation.

Clinical signs may include reduced TBUT that is normally > 10
seconds, where a TBUT of < 5 seconds indicates moderate to
severe dry eye; bright red and green spots after corneal and
conjunctival epithelial staining with fluorescein or lissamine
green; conjunctival hyperaemia; and evidence of meibomian
gland dysfunction.® Reduced Schirmer test values may indicate
aqueous deficiency. Importantly, numerous studies highlight a
poor correlation between symptoms and clinical signs, suggesting
that neurosensory changes and central pain mechanisms may
contribute to patient-reported severity.'

Pharmacological therapy of dry eye syndrome

The treatment and management of dry eye syndrome (DES) focus
on improving tear film stability and relieving symptoms. Eye drop
formulations known as artificial tears are the mainstay treatment
for dry eyes and work by reducing inflammation and improving
lubrication.
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Table I: Types of artificial tears

Lubricants Reduce evaporation and increase the

e.g. Allergan® Refresh Tears thickness of the tear film.

Lubricating Eye Drops

Electrolytes It contains osmo-protectants that maintain
e.g. Allergan® Optive Plus Eye tear film osmolarity and ocular surface
Drops homeostasis.

Lipid-based and surfactant
formulations

e.g. Artelac® Advance Lipids
Eye Drops

Replenishes the deficient lipid layer to
prevent tear evaporation.

Preservative-free formulations

e.g., Systane® Ultra Lubricant
Eye Drops

Recommended for patients with sensitive
eyes and requiring frequent application.
Some preservatives can irritate the eyes,
particularly in severe dry eye cases

Thelength of therapy of these formulations variesandis dependent
on the severity of the dry eye symptoms. Acute symptoms are
treated for 3 days to 2 weeks and chronic symptoms for 1 month
or more. Types of artificial tear formulations are presented in
Table 1.8

Eye drop formulations are also available as gel formulations,
especially those that are electrolyte-based. Gel formulations
are preferred for moderate to severe dry eye conditions. They
have higher viscosity and have increased retention on the site of
application, providing longer-lasting lubrication and protection.?

Topical non-steroidal anti-inflammatory drugs (NSAIDs) are
used to treat DED, as they work to relieve the symptoms of DES
by effectively stimulating the secretion of tears. Examples are
pranoprofen and sodium hyaluronate formulations. Topical
NSAIDs formulations that contain antibiotics are commonly
used for the treatment of meibomian gland dysfunction are not
recommended for patients with mild DED.”'

Topical corticosteroids are effective in the treatment of moderate-
to-severe DED for 2-4 weeks. Examples are prednisolone,
fluorometholone, dexamethasone, and loteprednol etabonate.”
Topical cyclosporine, an immunosuppressant, is also used to
manage ocular surface inflammation of moderate-to-severe DED.
Cyclosporine A requires a longer period to become effective in
controlling inflammation.”

Topical vitamin A drops are used for DED to protect the eye from
toxins, inflammation, and allergens. It is naturally present in the
tear film of healthy eyes and plays a pivotal role in the production
of the mucin layer, which is the innermost layer of the tear film.
Vitamin A deficiency leads to mucin layer loss, which is crucial for
a healthy tear film."

Autologous and allogeneic serum eye drops (SEDs) are an
alternative treatment option for dry eye cases that do not
respond to artificial tear formulations. These are eye drops that
contain natural serum and electrolytes. SEDs are prepared when

First-line treatment of mild to
moderate dry eye disease.

1) Mild to moderate dry eye.

2) Dry eye disease caused by
environmental factors, e.g., wind and
dust.

1) Meibomian gland dysfunction
2) Severe dry eye disease

Mild to moderate dry eyes caused by
environmental factors, e.g., wind and

Temporary: blurred vision,
discomfort, burning, itchiness, and
crusting of the eyelids.

Temporary: blurred vision,
itchiness, burning and discomfort,
and an unpleasant taste in the
mouth. Rare allergies.

Temporary blurred vision,
conjunctival redness, and rare
allergies.

Less side-effects because of
preservative irritation

dust, for sensitive eyes.

autologous or allogeneic whole blood is collected without
anticoagulant. This blood is then allowed to clot, and the serum
is separated and collected after centrifuging the clotted blood
in a closed system. The serum is diluted in physiological saline
using aseptic techniques and dispensed in small aliquots for daily
use. SEDs are stored frozen following preparation.? This serum
contains electrolytes like those found in natural tears and provides
key tear-like components such as vitamins and proteins that have
electrolytes for osmolarity and pH balance that match healthy
tears.?

Autologous drops deliver bioactive electrolytes and factors that
promote epithelial healing in severe dry eye cases. They act by
reducing inflammation and supporting goblet cells, beyond mere
lubrication.?

Non-pharmacological therapy for dry eye management

Patients with dry eye symptoms can minimise their discomfort
through appropriate precautions and lifestyle changes, such as;'®

« Reduce screen time (computer screens and phones) and reduce
brightness levels to appropriate settings.

« When using a computer for extended periods, take regular
breaks to rest and blink your eyes.

+ Avoid contact lenses, as they constantly irritate the eyes. If it is
absolutely necessary, be sure to clean them regularly.

+ Reduce smoking, as it can increase symptoms.
« Use a humidifier to moisten the ambient air

+ Avoid dry and windy environments, as they can exacerbate
symptoms, or wear wraparound sunglasses.

« Stay hydrated to support tear production.

» Avoid medications that may cause or exacerbate dry eye
symptoms, e.g., antihistamines and antidepressants.

+ Use warm eye compresses and lid scrubs to enhance oil flow
from the meibomian glands and alleviate dry eye symptoms like
grittiness and burning.
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+ Include omega-3 fatty acids in the diet, like salmon and tuna,
to stimulate the production of oil glands in the eye, decreasing
symptoms.

Medical devices are used to treat dry eye symptoms after
medications and lifestyle modifications fail. Devices used in the
management and treatment include:

1. Tixel® uses Thermal-Mechanical Action technology (TMA®), this
device employs a medical-grade titanium applicator to deliver
controlled thermal energy in a fractional, non-laser manner.
Heat is applied through an array of microscopic, pyramid-
shaped projections composed of biocompatible material,
treating a surface area of approximately 0.3 cm? per application.
By thermally stimulating periocular tissues, the procedure aims
to improve tear film stability, enhance lubrication, and decrease
evaporative loss. It is a non-invasive treatment that can naturally
enhance moisture levels and restore hydration to the eyes.”

2.E-Eye IRPL uses Intense Regulated Pulsed Light (IRPL) and is
a non-invasive treatment for Meibomian Gland Dysfunction
(MGD). This method works by generating polychromatic
pulsed light, delivering precisely calibrated pulses that are
homogenous, controlled, and delivered in a sequenced pattern.
These pulses stimulate the meibomian glands, helping them
return to normal lipid secretion and restoring the tear film’s
stability. This process works within hours; the meibomian
glands are reactivated, significantly improving tear quality and
reducing symptoms like dryness, burning, blurry vision, and eye
fatigue.*

3. Punctal Plugs (Figure 2) are tiny silicone or gel plugs inserted
into the tear ducts to retain the natural tears in the eye and
prolong their stay in the eyes. These are reversible and can be
removed when indicated.

Surgical interventions are the last step in the treatment and
management of DED and are used when pharmacological therapy,
lifestyle modifications, and medical devices fail.

Surgical interventions performed include:

1. Tarsorrhaphy eye surgery - a surgical procedure where the
eyelids are partially sewn together to reduce eyelid separation

Figure 2: A punctual plug being inserted into the tear duct®

and protect the cornea from exposure, which in turn helps to
reduce tear evaporation. By limiting the cornea from exposure,
it creates a stable, moist environment that promotes epithelial
recovery and prevents moisture loss.?

2. Amniotic membrane grafting - a procedure that uses a
cryopreserved amniotic membrane graft to promote healing,
reduce inflammation, minimise scarring, and stimulate tissue
regeneration. The amniotic membrane is the innermost
membrane of the placenta, and it is rich in bioactive substances,
including growth factors and cytokines, which play a vital role
in foetal development. When applied to the ocular surface,
the amniotic membrane promotes wound healing, modulates
inflammation and may assist with pain reduction at the affected
site. The membrane is placed over the cornea like a “bandage.”

It is a minimally invasive, in-office procedure where the tissue is

secured by a ring or bandage contact lens.?

3. Punctal cautery - an in-office surgical procedure that uses a
thermal cautery —afine-tip heated device - to permanently close
the puncta (tear drainage openings in the eyelids). This prevents
tears from draining away too quickly and prolongs moisture on
the ocular surface. This procedure scars the canaliculi to block
drainage without plugs and is preferred over plugs.?

Role of the pharmacist

The scope of practice of pharmacists has broadened considerably
over the years, increasing access to care and improving patient
health outcomes.

At the local pharmacy level, pharmacists play a crucial role in
recognising symptoms and differentiating between allergies
and dry eye disease to recommend the appropriate treatment.
As first-line treatment is available as over the counter products,
pharmacists are often the first-line healthcare-contact with
patients. Allergic patients often present with swollen and
puffy eyelids with an intense red conjunctiva and clear watery
discharge, which the pharmacist should be able to differentiate.
Dry eye patients present with normal eyelids with crusty margins,
no conjunctival redness, and stringy mucus-like discharge.?”

Pharmacists improve patient care by referring the patient
when the treatment fails, symptoms become severe, and there
are complications. Pharmacists must educate the patient on
pharmacological and non-pharmacological DED management
strategies and the medical devices available to treat and manage
DED."®

Conclusion

DED is a condition that is prevalent in up to 80% of patients in
some regions of South Africa. It can be treated easily with over-
the-counter preparations called artificial tears. The treatment
varies from between 1-14 days in acute conditions, to one month
or more in chronic symptoms. It involves replenishing the tear film
and lacrimation to improve the ocular surface area. The pharmacist
must be able to identify DED and differentiate from other ocular
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diseases like allergic eye. The pharmacist can distinguish whether
over the counter treatment will be beneficial, or if the patient
should be referred for further healthcare treatment.
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Beyond energy boosts: a clinical review of the vitamin B
complex and associated supplementation
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Abstract

The vitamin B complex is a group of water-soluble vitamins composed of eight B vitamins: thiamine (B1), riboflavin (B2), niacin (B3),
pantothenic acid (B5), pyridoxine (B6), biotin (B7), folate/folic acid (B9) and cobalamin (B12). Vitamins are crucial for optimal physiological
functions, and thus adequate amounts of vitamins need to be supplied through the diet since they are not synthesised endogenously by
the human body. Vitamin B deficiency may occur for a variety of reasons, and depending on the specific vitamin and its functions, symptoms
may vary. Due to potential deficiencies, vitamin B supplements are considered to mitigate these effects. Available vitamin B supplementation
ranges from Schedule 0 (over-the-counter) to Schedule 4 (scheduled preparations), in various formulations and routes of administration,
however, specific dosages need to be considered to prevent toxicity. Vitamin B supplements are not only used for direct supplementation but
also to support the function of pharmacotherapy or mitigate adverse drug reactions. This review provides a broad overview of the vitamin B
complex, particularly its deficiencies, indications for supplementation, available supplements and potential drug-vitamin interactions.

Keywords: biotin, cobalamin, folate, niacin, pantothenic acid, pyridoxine, riboflavin, thiamine, vitamin B complex, vitamin B deficiency

© Authors

Introduction

Vitamins are a group of essential organic micronutrients, either
water- or fat-soluble, required for normal physiological functioning
but are not synthesised endogenously by the human body.
Instead, vitamins are synthesised by bacteria, yeasts, and plants.?
As a result, adequate amounts of vitamins need to be supplied
through the diet.? In total, an individual requires thirteen vitamins:
four fat-soluble vitamins (A, D, E, K) and nine water-soluble
vitamins, which comprise vitamin C (ascorbic acid) and eight B
vitamins: thiamine (B1), riboflavin (B2), niacin (B3), pantothenic
acid (B5), pyridoxine (B6), biotin (B7), folate/folic acid (B9) and
cobalamin (B12)."* Together, these B vitamins are collectively
referred to as the B-group or ‘vitamin B complex’* This review
provides a broad overview of the vitamin B complex, particularly
its deficiencies, indications for supplementation, formulations,
over-the-counter and scheduled preparations and potential drug-
vitamin interactions.

The diversity of the vitamin B complex
Common features

The vitamin B complex is a group of water-soluble vitamins, which,
given their solubility, are typically absorbed via carrier-facilitated
transporters from the gastrointestinal tract, and undergo renal
excretion.>® Given its hydrophilicity and general low storage
capacity, toxicity is typically low.>¢

Loss of the vitamin B complex from food products generally
occurs due to processing, such as milling and refinement of plant
sources (where vitamins are typically lost due to separation of the
bran and germ), heating (particularly for thermolabile vitamins),

https://doi.org/10.36303/SAPJ.4593

or loss through leaching into water (e.g., through washing grains
or distribution into cooking fluids which are often discarded).>¢
Cooking fluids, such as gravy or soup made from animal products,
help retain such vitamins that are lost.> South African regulations
mandate the fortification of certain food products (e.g., wheat
flour, maize meal) with several vitamins, including thiamine (as
mononitrate), riboflavin, nicotinamide or niacinamide, pyridoxine
(as hydrochloride), and folic acid, due to their importance and the
losses often seen during processing.

Vitamin B sources

Vitamins are crucial for optimal physiological functions, and
thus, the diet needs to be maintained appropriately to facilitate
sufficient vitamin B complex levels (Table 1), given the intricate
convergent and divergent pathways that support healthy
physiological functioning.’

Functions

The vitamin B complex serves as an essential cofactor in various
enzymatic processes' that support cellular and physiological
functioning.? Depending on the vitamin, supportive functions are
diverse: major functions within the brain and nervous system,
the metabolism of carbohydrates, amino acids, fatty acids, and
lipids, the synthesis of proteins, cholesterol, neurotransmitters,
S-adenosyl methionine, and nucleotide bases,’* immunological
functions,™ and mitigating or preventing various diseases, such as
cardiovascular disease, neurodegenerative disorders, and neural
tube defects.'? Broad functions for each vitamin are provided in
Table Il.
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Table I: Vitamin B types, dietary sources and recommended dietary allowance (RDA) values of vitamin B complex for males, non-pregnant females and

pregnant females®®

ietary sources

Recommended dietary allowance* (RDA)

Type of vitamin B

m Non-pregnant female Pregnant female

Thiamine (B1) Whole grains, nuts,® pork, chicken, eggs, cereal sprouts, rice, bran 1.2mg 1.1 mg 1.4 mg
and beans?

Riboflavin (B2) Leafy green vegetables, liver, eggs,? milk and dairy products, 1.3mg 1.1 mg 1.4 mg
mushrooms and legumes'’

Niacin (B3) Fish, meat, beans*¢ and whole grains'® 16 mg 14mg 18 mg

Pantothenic acid (B5)  Nuts, mushrooms, whole grains, legumes, potatoes, tomatoes, yeast, 5mg 5mg 6 mg
meat, liver, eggs and milk®

Pyridoxine (B6) Whole grains, bananas, nuts, pork, poultry, fish, beef and organs® 1-1.7 mg 1-1.7 mg 1.9mg

Biotin (B7) Egg yolk, milk and dairy products, nuts, legumes, meat, certain 30 ug 30 ug 30 ug
vegetables and fruits®

Folate/folic acid (B9) Leafy green vegetables, legumes, citrus fruits, fortified cereals, 400 pg 400 ug 600 ug
avocado and liver'

Cobalamin (B12) Meat, liver, fish, shellfish and dairy products' 2.4 ug 2.4 ug 2.6 ug

*RDA values are referred to the daily required amounts adapted from the Institute of Medicine (US) Standing Committee on the Scientific Evaluation of Dietary Reference Intakes

Vitamin B deficiencies

Vitamin Bdeficiency may occurduetoavariety of reasons, including
malnutrition, malabsorption, alcoholism, genetic conditions,
diseases, drug-nutrient interactions, and food processing.>52'22 For
instance, diseases such as Crohn'’s disease, celiac disease, human
immunodeficiency virus (HIV), and alcohol-use disorder may
interfere with the body’s ability to absorb B vitamins effectively.?
Overall vitamin B deficiency leads to anaemia, digestive issues,
skin conditions, infections, peripheral neuropathy, and psychiatric
disorders,** however, depending on their functions and frequency
of loss, unique symptoms may occur.

Given potential deficiencies, individuals may consider vitamin
B supplements to mitigate these effects, either as over-the-
counter or scheduled preparations (Table Ill). For instance,
thiamine, riboflavin, pyridoxine and cobalamin are mainly
involved in energy metabolism and are commonly used as dietary
supplements.?’ A 2023 randomised double-blind trial found that
supplementation with these B vitamins for 28 consecutive days
significantly (p < 0.05) improved exercise endurance and reduced
exercise fatigue in healthy, non-athletic adults at appropriate
doses.” Another randomised controlled trial showed that 12 weeks
of supplementation with oral thiamine, pyridoxine and cobalamin
significantly decreased homocysteine levels in paediatric patients
compared with baseline and placebo (p < 0.001)% as a result of
homocysteine accumulation with cobalamin deficiency due to
poor metabolism.' Furthermore, there was improved glycaemic
control and renal function through lower homocysteine levels and
could be a safe and effective strategy for treatment of early stage
nephropathy in paediatric type 1 diabetes mellitus.>® As such, a
clear evidence-based approach can be applied in many vitamin
B deficiencies.

Vitamin B-related pharmacotherapy

Examples of vitamin B supplementation is provided in Table Ill,
with unique functions highlighted in Table ll, which highlights

its use not only for direct vitamin supplementation, but also to
support the function of pharmacotherapy or mitigate adverse
drug reactions. This includes iron and folic acid supplementation
during pregnancy to improve maternal and neonatal outcomes
including a reduction in low birth weight and preterm birth.%
Additionally, the use of vitamins in tuberculosis (TB) patients are
encouraged.” The World Health Organization (WHO) recommends
pyridoxine when receiving high-dose isoniazid to patients with
diabetes, uraemia, HIV infection, seizure disorders, alcohol abuse,
malnutrition or peripheral neuropathy.?”

Thiamine (B1)

Thiamine can be found in several dietary sources as its primarily
phosphorylated form, including a range of plant- and animal-
based foods.2® Absorption is via carrier-mediated active transport,
however, passive diffusion may occur at higher concentrations.®
Anti-thiamine factors, which reduce the absorption of thiamine,
are present as thermolabile and thermostable compounds in
various food products, such as fermented fish, shellfish, and
methylxanthine-containing teas and coffees® Thermolabile
factors can be deactivated by heating, but use of protective factors
(such as ascorbic acid) or increasing the frequency between eating
thiamine and anti-thiamine factors.®

Thiamine deficiency in the human diet leads to disturbances
in numerous biochemical and metabolic processes, including
impaired glucose metabolism, disrupted bioenergetic processes,
mitochondrial dysfunction, lactic acidosis which is a consequence
of pyruvate dehydrogenase (PDH) dysfunction in mitochondria.?®
Furthermore, it results in insufficient DNA synthesis due to reduced
transketolase activity and ribose-5-phosphate synthesis in the
pentose phosphate pathway as well as impaired neurotransmitter
synthesis.?Although thiamine deficiency is rare in developed
countries, it can occur as a result of poor dietary choices, certain
medical conditions or intake of anti-thiamine elements.
Deficiency causes lethargy and, if left untreated, manifests in
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various pathologies, specifically beriberi which is cardiomyopathy
with oedema and lactic acidosis, a condition that affects the
peripheral nervous system and cardiovascular system,? and
Wernicke-Korsakoff syndrome or Wernicke’s encephalopathy.?
Particularly in critically ill patients, renal excretion of thiamine
may be increased, thus worsening clinical manifestations.®
Supplementation with thiamine is generally recommended in
cases of deficiency, malabsorption issues, or certain medical
conditions’ such as the management of Wernicke-Korsakoff
syndrome and other disorders affecting thiamine absorption.”

Thiaminetoxicityislowandrarelyencounteredunlessathighdoses,
which in itself is often low risk considering oral supplementation
above 5 mg has reduced uptake.® Adverse drug reactions may
include heat sensitivity, allergic reactions (e.g., pruritic, urticaria,
anaphylaxis), angioedema, cyanosis and excessive sweating.®
Certain medication may induce pharmacokinetic interactions
leading to reduced thiamine availability, such as diuretics (which
increase urinary excretion), metformin (which reduces intestinal
absorption) and 5-fluorouracil (which prevents activation).t
Thiamine is included on the WHO's core list of essential
medications for both adults and children indicating its importance
as a prerequisite for a basic healthcare system.*

Riboflavin (B2)

Riboflavin is widely distributed in both plant- and animal-based
foods.! Heating and washing of food products contribute to a
loss of riboflavin, as well as exposure to light (350 to 560 nm),
necessitating its storage in dark or shaded environments.®
Absorption is in the small intestine via carrier-mediated
transportation, while metabolism supports its conversion to
active flavin mononucleotide or flavin adenine dinucleotide.®

Humans require dietary riboflavin for DNA repair, energy
production, fatty acid and amino acid synthesis, folic acid
activation, production of glutathione as free radical scavenger, and
support of physiological systems, including the central nervous
and renal system.®® Riboflavin needs to be constantly supplied
through the diet or supplementation due to it being poorly stored
in the body.*' Riboflavin deficiency rarely occurs alone, usually it
is part of a generalised vitamin B deficiency because of diet or
malabsorption.®' It can occur as a result of lactation, phototherapy
in infants, celiac sprue, malignancies, and alcoholism.' Riboflavin
deficiencies may present as oedema and associated pain of the
oral and mucous membranes, neurological deficiencies, hair loss,
topical inflammation, cataract formation, and gastrointestinal
malabsorption.® Additionally, riboflavin deficiency may also lead
to ariboflavinosis, which presents with a sore throat, redness and
swelling of the lining of the throat and corners of the lips, and
inflammation and redness of the lining of the eyes.°

Riboflavin supplementation is recommended for treatment for
deficiency, malabsorption issues, or certain medical conditions.”
Riboflavin has shown beneficial use in deficiency-related diseases,
including multiple acyl-coenzyme A dehydrogenase deficiencies,
Brown-Vialetto-Von Laere syndrome and Fazio Londe disease.®

Emerging research also explores its potential therapeutic
applications in conditions such as migraine headaches™ and
potential preventable diseases management in anaemia, cancer,
hyperglycaemia, hypertension, diabetes and oxidative stress.3>*

Toxicity induced by riboflavin is rare due to its saturable
absorption from the gastrointestinal tract, and thus should it
appear, it is generally confined to gastrointestinal adverse effects,
such as nausea and vomiting.’ Drug interactions are largely due
to pharmacokinetic interactions with absorption or synthesis, for
example, with doxorubicin (impaired flavin cofactor synthesis
leading to riboflavin deficiencies) or phenothiazine-antipsychotics
and tricyclic antidepressants (competitive inhibition due to
structural similarities to flavin co-factors).6

Niacin (B3)

Niacin, generally in the form of nicotinic acid or nicotinamide, is
obtained from animal-based foods which contain vitamin B3 as
nicotinamide, and plant-based foods' which contain vitamin B3
as nicotinic acid.*® However, humans can convert tryptophan to
nicotinamide via the liver, although following a less preferential
use pathway. Loss of niacin generally occurs via washing or milling,
while heat does not significantly affect it.° Niacin is typically
absorbed as nicotinamide intestinally via sodium-dependent
facilitated diffusion, however, larger doses may occur via passive
diffusion.® Metabolic conversion supports the formation of the
active form, nicotinamide adenine dinucleotide.

Common underlying reasons for niacin deficiency occurs due
to poor diet, alcoholism, malabsorption or medications.® Severe
niacin deficiency results in a condition known as pellagra,’ which
is a potential life-threating disease due to nutritional deficiencies,
characterised by dermatitis, dementia, diarrhoea® and death if left
untreated.”® Additionally, milder forms of niacin deficiency may
present as ulcerative colitis, acute cutaneous lupus erythematosus,
Crohn disease, discoid lupus erythematosus, drug eruptions, drug-
induced lupus erythematosus, drug-induced photosensitivity,
drug-induced pemphigus and porphyria cutanea tarda.>*

Niacin toxicity typically presents as flushing, burning and itching
due to cutaneous vasodilation, which is generally the main
contributor of cessation of treatment.®*® Otherwise, hypotension,
headaches, gastrointestinal upsets (such as heartburn, ulceration,
nausea and vomiting), and lactic acidosis may occur.®

Pantothenic acid (B5)

Pantothenic acid is ubiquitous and found in high levels in both
plant- and animal-based products.® Pantothenic acid requires
hydrolytic metabolism prior to intestinal absorption via sodium-
dependent transporters or passive diffusion.® Loss of pantothenic
acid generally occurs due to milling or leaching into cooking
fluids, though heating does not typically contribute much to
reduced levels.®

Deficiencies are rare given the ubiquitous nature of pantothenic
acid, however, may occur due to malabsorption or malnutrition.®
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Deficiency may appear as central nervous system (e.g., headaches,
restlessness, fatigue, cramps) and digestive (diarrhoea, abdominal
cramps) alterations, or insulin insensitivity.® Pantothenic acid
supplementation is typically not required for individuals following
a balanced diet, as it is easily available from various food sources.’
However, supplementation may be considered in certain medical
conditions or specific dietary restrictions, under the guidance
of a healthcare professional.’® In such cases, supplementation
is administered as calcium pantothenate given its stability and
solid form, as opposed to the viscous naturally occurring form of
pantothenic acid.®

Toxicity is low and unlikely to occur within physiologically-relevant
doses and use, though may precipitate diarrhoea at high levels.®

Pyridoxine (B6)

Pyridoxine comprises six related vitamers: pyridoxine, pyridoxal,
pyridoxamine and 5’-phosphate esters (pyridoxine 5-phosphate,
pyridoxal 5-phosphate, pyridoxamine 5-phosphate) thereof?
Metabolic conversion produces the active form, pyridoxal
5'-phosphate, which serves as a co-factor.’> Various plant and
animal sources provide pyridoxine.> Heating of food typically
causes a decrease in the available content,® as well as milling.
Intestinal absorption of pyridoxine is facilitated by transporters.®
Several anti-pyridoxine factors are also found in food, such as
gingko, flaxseed and a variety of herbal remedies.* Such factors
interfere with pyridoxine absorption thus precipitating potential
deficiencies.’

Deficiencies are typically through dietary limitations and
malabsorption, alcoholism, or through drug interactions or genetic
variation.> Drug interactions which can precipitate deficiencies
include caffeine and theophylline (which reduced bioactivation of
pyridoxine), hydrazine, levodopa, and isoniazid (which inactivates
pyridoxal 5'-phosphate)®> or phenytoin, carbamazepine and
valproate (which increase vitamer metabolism).> Characteristic
outcomes include a variety of health disorders due to limited
metabolic processing, such as poor neurotransmitter synthesis,
seborrheic dermatitis, cheilosis, anaemia, neuropathy, mental
health disorders, seizures (such as due to pyridoxine-dependent
epilepsy), cardiovascular concerns, and immune dysfunction.®
In cases of overdoses with anti-riboflavin factors (including
certain medication, like isoniazid), pyridoxine supplementation
can serve as antidote, or be given prophylactically to mitigate
adverse drug reactions (such as isoniazid-induced peripheral
neuropathy).® Pyridoxine supplementation are only necessary
in certain medical conditions, such as certain types of anaemia
or neurological disorders, however under the guidance of a
healthcare professional.'

Chronic high dose supplementation may paradoxically precipitate
neurodegeneration reversible peripheral neuropathy, similar to
what is seen with deficiency, likely due to competition between
the inactive and active form.’

Biotin (B7)

Biotin is present in various plant- and animal-based foods.>*
Biotin is commonly found either as free biotin or as protein-bound
biocytin, where the latter’s biotin is released by biotindase. Avidin,
a naturally occurring anti-biotin molecule (present in egg white),
binds biotin to deactivate it and prevent its absorption, however,
cooking denatures avidin to allow for the release of biotin.® Biotin
loss during food processing is primarily due to milling and leaching
(although protein-bound biotin is less likely to be lost), but
heating may also cause a slight decrease.’ Intestinal absorption of
free biotin occurs via sodium-dependent transporters.®

Biotin deficiency is rare, due to the various available biotin-
containing food sources, however may develop in certain
populations who are at a higher risk.>” This includes individuals on
prolonged antibiotic treatment (disrupted intestinal microbiota),
individuals receiving chronic anticonvulsant treatment (disrupted
biotin metabolism), and individuals on complete parenteral
nutrition with insufficient biotin supplementation.’” Clinical
presentation of biotin deficiency may include seizures, low muscle
tone, uncoordinated movement, respiratory distress, rashes and
decreased physical and cognitive growth.* Folate supplementation
may be recommended to meet the increased nutritional demands
in cases such as pregnancy, malabsorption issues and more severe
cases.'

Given its extensive excretion, toxicity is low and biotin
supplementationis considered safe> though potential neurological
effects may occur.

Folate/folic acid (B9)

Vitamin B9, termed folate (naturally occurring) or folic acid
(synthetic),”® is mainly found in plant-based foods and animal-
based foods." Natural food sources which contain folate generally
have a high bioavailability, therefore it is important to follow a
well-balanced diet for maintaining adequate folate levels.®

Insufficient folate consumption has been associated with several
health problems, including an increased risk of neural tube defects
in neonates, anaemia, and possible contribution to cardiovascular
diseases.”® Folate deficiency may often be due to nutritional
malabsorption or malnutrition, alcoholism or several diseases
(such as atrophic gastritis).?? Folic acid deficiency may precipitate
neural tube defects during embryogenesis or megaloblastic
anaemia.”® Therefore in certain cases, such as pregnancy or
individuals with malabsorption issues, folate supplementation
may be recommended to meet the increased nutritional
requirements.'?

Cobalamin (B12)

Cobalamin and its analogues are collectively called cobamides
(also known as corrinoid cofactors) which are found in certain
food products and produced by microorganisms in the human
gut.>? However, humans are generally unable to make use of the
various cobamides other than cobalamin.® This is due to the
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Table 11l: Commonly used vitamin B medications in So

Africa,*" including medicati

where vitamin B is included for adverse drug reaction

Examples Active edient Administration Indications
(schedule)

A-Lennon
Vitamin B
Complex
Injection (S3)

A-Lennon
Vitamin B12
Injection (S3)

Beespan (S1)

Be-Tabs Folic
Acid (S1)

Chocaton (S0)

Neurobion (S1)

Neurobion (S3)

Soluvit Novum
(S3)

Nicotinamide,
thiamine
hydrochloride,
d-panthenol,
pyridoxine
hydrochloride and
riboflavin

Injection

Cyanocobalamin Injection

Combination of
vitamin B1, 2, 6, and
12, and calcium
pantothenate

Capsules

Folic acid Tablets

Combination of
vitamins A, B1,
B2,B6,B12, C,D3
and E, and calcium
pantothenate and
nicotinamide

Syrup

Combination of Tablets
vitamins B1, B6 and

B12

Combination of
vitamins B1, B6 and
B12

Injection
(ampoules)

Combination of
vitamins B1, B2,
B6,B12,and C,
and nicotinamide,
pantothenic acid,
biotin, and folic
acid

Lyophilised
powder for
solution for
infusion

Per 1 mL

Nicotinamide 100 mg
Thiamine hydrochloride
10 mg

d-Panthenol 5 mg
Pyridoxine hydrochloride
5mg

Riboflavin 2 mg

1.000 pg/mL

Vitamin B1 100 mg
Vitamin B2 20 mg
Vitamin.B6 200 mg
Vitamin B12 200 pg
Calcium pantothenate
20 mg

Folic acid 5 mg

Per 10 ml

Vitamin A 5.000 iu
Vitamin B1 2 mg
Vitamin B2 2 mg
Vitamin B6 2.5 mg
Vitamin B12 1 pug
Calcium pantothenate
1mg
Nicotinamide 5 mg
Vitamin C 50 mg
Vitamin D3 400 iu
Vitamin E 1.65 mg

Vitamin B1 100 mg
Vitamin B6 200 mg
Vitamin B12 200 pg

Per3 mL

Vitamin B1 100 mg
Vitamin B6 100 mg
Vitamin B12 1000 pg

Vitamin B1 3.2 mg
Vitamin B2 3.6 mg
Vitamin B6 4 mg
Vitamin B12 5 pug
Vitamin C 100 mg
Nicotinamide 40 mg
Pantothenic acid 15 mg
Biotin 60 pg

Folic acid 0.4 mg

Deficiency reversible with oral
thiamine doses 500 pg daily
Therapeutic dose: 1-2 ml daily

2 ml injection: Intramuscular or slow

intravenous injection (with caution)
10 ml injection: Slow intramuscular
injection only*?

Intramuscular administration

No neurological involvement:
250-1000 pg on alternate days

(1-2 weeks), then 250 pg weekly;
maintenance 1000 pg monthly
Neurological involvement: 1000

ug on alternate days until clinical
improvement

Prophylaxis: 250-1000 pg monthly*?

1 capsule daily

Megaloblastic anaemia: Initial 10
to 20 mg daily for 14 days, with
2.5 to 10 mg daily maintenance

thereafter Megaloblastic anaemia of

pregnancy prophylaxis: 200 to
500 pg daily

Adults: 5 to 10 mL daily
Children < 6 years: 2.5 mL daily

1 tablet daily

Deep intramuscular injection
Severe cases: 1 ampoule daily until
acute symptoms subside

Mild cases and follow-up therapy:
two to three ampoules per week

Reconstituted mixture added to
intralipid/glucose solutions for
infusion

Adults and children over 10 kg: 1
vial in 10 mL water for injection

Children < 10 kg: 1/10 of contents of

one vial per kg body mass

Vitamin deficiencies

Vitamin B12 deficiencies
related to megaloblastic
anaemia, neurological
conditions, pernicious anaemia,
nutrient deficiency-linked
macrocytic anaemia, intestinal
malabsorption, diet-related
deficiencies, and post-
gastrectomy

Vitamin B complex deficiencies,
such as peripheral neuritis
prophylaxis in isoniazid/
hydralazine treatment

Megaloblastic anaemia
treatment and prophylaxis

Vitamin deficiencies

Vitamin deficiencies

Vitamin deficiencies

Adults and paediatric nutrient
supplementation
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Table Ill: Commonly used vitamin B medications in South Africa,*' including medication where vitamin B is included for adverse drug reaction

mitigation

Examples Active ingredient Administration Indications
(schedule)

Asic (S2) Dicyclomine Tablets Dicyclomine hydrochloride
hydrochloride, 10mg
doxylamine Doxylamine succinate
succinate and 10 mg
pyridoxine Pyridoxine hydrochloride
hydrochloride 50 mg
Autrin (S1) Iron fumarate, Capsules Iron fumarate 349.755 mg
ascorbic acid, Ascorbic acid 150 mg
intrinsic factor Intrinsic factor concentrate
concentrate, folic 75 mg
acid and vitamin Folic acid 2 mg
B12 Vitamin B12 15 pg
Cotrizid (54) Isoniazid, Tablets Isoniazid 300 mg
pyridoxine Pyridoxine hydrochloride
hydrochloride, 25mg
sulfamethoxazole Sulfamethoxazole 800 mg
and trimethoprim Trimethoprim 160 mg
Ferrimed (S1) Iron(lll)-hydroxide Capsules Iron(lll)-hydroxide
polymaltose polymaltose complex
complex and folic equivalent to 50 mg
acid elemental iron
Folic acid 150 pg
Yasmin Plus (S4) Drospirenone, Tablets Hormone-containing
ethinylestradiol tablets Drospirenone 3 mg
and levomefolate Ethinylestradiol 0.03 mg
calcium Levomefolate calcium
0.451 mg
Hormone-free tablets
Levomefolate calcium
0.451 mg
Yaz Plus (S4) Drospirenone, Tablets Hormone-containing

ethinylestradiol
and levomefolate
calcium

tablets

Drospirenone 3 mg
Ethinylestradiol 0.02 mg
Levomefolate calcium
0.451 mg
Hormone-free tablets
Levomefolate calcium
0.451 mg

2 tablets at bedtime
Severe cases: 1 tablet before rising
and 1 tablet mid-afternoon

1 capsule daily with or after meals

Best taken after meals.
Adults and children > 25 kg: 1 tablet
once daily. Children 14 to < 24.9 kg:
half a tablet once daily

Take in divided doses with meals
Therapeutic dose: 2 to 4 capsules/
day

Supplement dose: 1 to 2 capsules
daily

1 tablet at the same time daily for
28 days

Commenced from the first day of
the menstrual cycle

1 tablet at the same time daily for
28 days

Commenced on the first day of the
menstrual cycle

Pregnancy-related nausea and
vomiting

Common anaemia treatment
and maintenance

Pyridoxine supplementation
to mitigate isoniazid-induced
peripheral neuropathy

Folic acid supplementation to
support erythrocyte maturity

Levomefolate to support foetus
development

Levomefolate to support foetus
development

selectivity of the cobalamin uptake and the trafficking system.*®
In the intestine a glycoprotein known as intrinsic factor (IF), binds
to cobalamin with very high (femtomolar) affinity and facilitates
its absorption into ileal cells.** This process includes both naturally
occurring forms, such as adenosyl cobalamin, and synthetic forms,
such as cyanocobalamin.® Cobalamin is solely obtained from the
diet or supplementation, with most sources including animal-
based products.”” Cobalamin is also fortified in few plant-based
foods.”® Intestinal uptake is mediated through carrier proteins
such as haptocorrin, intrinsic factor, and transcobalamin.

While cobalamin is primarily found in animal products, its absence
in plant-based sources poses as a challenge for individuals
following vegetarian or vegan diets' who remain at a higher risk
of cobalamin deficiency given its lack in higher order plants.*

Deficiencies of cobalamin are characterised by megaloblastic
anaemia, decreased cardiovascular function and neurological
issues. Conditions such as pernicious anaemia, Crohn’s disease,
celiac disease, and gastrointestinal surgery can interfere with the

absorption of cobalamin leading to deficiency. Impaired intrinsic
factor availability (due to parietal cell destruction immune cells)
precipitates pernicious anaemia.?’*° Neurological issues including
peripheral neuropathy (tingling, numbness, and pain in the hands
and feet), difficulty walking, balance problems, memory loss,
confusion, and severe neurological damage in advanced cases.”
Cobalamin deficiency may occur due to alcoholism, decreased
intestinal absorption due to disease, medication use (such as
proton pump inhibitors), or nutrient constraints in the diet."? As
a result of the elevated levels of homocysteine due to cobalamin
deficiency, there is an increase in the risk of cardiovascular disease,
including heart attack and stroke.!

Drug-vitamin interactions

Like various other dietary supplements, vitamin B supplements
may interact with clinically relevant drugs, known as a drug-
vitamin interaction.”® Dietary supplements contain active chemical
constituents that can interact with drugs at physical, chemical,
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Table IV: Potential drug-vitamin interactions*

Thiamine (B1)

Riboflavin (B2)

Niacin (B3)

Pantothenic acid (B5)
Pyridoxine (B6)

Folate/folic acid (B9)

Cobalamin (B12)

Furosemide
Phenytoin (long-term use)

Digoxin

Phenobarbital (long-term use)

Hydrochlorothiazide and probenecid

Oral contraceptive pills

Antipsychotics (phenothiazine, chlorpromazine), tricyclic

antidepressants, tetracycline, antimalarials (quinacrine),
anticancer (adriamycin, doxorubicin)

Anticholinergics, tetracycline, tricyclic antidepressants
(imipramine, desipramine, amitriptyline), antiepileptics
(phenytoin), antipsychotics (chlorpromazine),
doxorubicin, methotrexate

Statins

Sulfinpyrazone
Antihypertensives

Oral hypoglycaemics (metformin, glipizide, glyburide)
and insulin

Nicotine patches
Anticoagulants (warfarin)

Carbamazepine, primidone

Isoniazid, tetracycline, azathioprine, chloramphenicol,
cycloserine, fluorouracil, levodopa and carbidopa,
phenytoin, valproic acid, mercaptopurine, colestipol,
welchol, cholestyramine

Oral contraceptive pills
Antiepileptics (phenytoin, phenobarbital)

Levodopa

Isoniazid

Cycloserine
Amiodarone
Theophylline
Erythropoietin therapy
Penicillamine

Nonsteroidal anti-inflammatory drugs, monoamine
oxidase inhibitors, oral contraceptive pills, hydralazine,
theophylline, tetracycline

Methotrexate

Phenytoin, carbamazepine, valproate

Pyrimethamine

Trimethoprim, triamterene, pyrimethamine, sulfasalazine

Histamine H2 receptor antagonists, proton pump
inhibitors, nonsteroidal anti-inflammatory drugs,
phenytoin, phenobarbital, primidone, cholestyramine,
cholestipol

Metformin, histamine H2 receptor antagonists, proton
pump inhibitors

Oral contraceptive pills

Phenytoin, phenobarbital, primidone, methotrexate,
colchicine, bile acid sequestrants (cholestyramine,
colesevelam), tetracycline

Increased thiamine urinary excretion
Decreased thiamine blood levels

Decreased thiamine absorption by
cardiomyocytes (especially when
combined with furosemide)

Increased riboflavin destruction

Increased riboflavin urinary excretion
and decreased absorption

Decreased riboflavin nutritional status

Inhibited incorporation of riboflavin
into FAD and FMN

Decreased riboflavin absorption

Additive impairment of skeletal muscle
functioning

Decreased uric acid excretion
Increased efficacy of antihypertensives

Decreased efficacy of oral
hypoglycaemics

Additive vasodilation of cutaneous
blood vessels

Elevated International Normalised Ratio
(INR) due to synergistic coagulopathy

Increased niacin efficacy

Decreased niacin efficacy

Decreased pantothenic acid efficacy
Decreased epileptic efficacy

Decreased levodopa efficacy

Decreased pyridoxine efficacy

Increased pyridoxine urinary excretion

Decreased bioavailability of pyridoxine
Decreased pyridoxine blood levels
Decreased pyridoxine efficacy

Decreased pyridoxine metabolism

Decreased anticancer activity

Decreased serum levels of antiepileptics
Decreased antimalarial efficacy
Exhibit antifolate activity

Decreased folate metabolism

Decreased cobalamin absorption

Decreased serum cobalamin
concentrations

Decreased cobalamin metabolism

Thiamine deficiency

Riboflavin deficiency

Rhabdomyolysis

Inhibited uricosuric effect
Hypotension

Hyperglycaemia
Increased skin flushing
Increased bleeding

Niacin toxicity

Niacin deficiency

Pantothenic acid deficiency
Suboptimal control of seizures

Suboptimal control of
Parkinson’s disease

Peripheral neuropathy
Neurotoxicity
Photosensitivity and dermatitis

Pyridoxine deficiency

Pyridoxine toxicity

Chemotherapy treatment
failure

Seizures
Persistent infection
Folate deficiency

Folate toxicity

Cobalamin deficiency

Cobalamin toxicity
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physiological, and pathophysiological levels** which may lead to
an adverse event such as those listed in Table IV. In many cases,
such interactions impact the availability of the vitamin, leading
to a deficiency, or may impact the treatment success of the
medication.

Conclusion

The vitamin B complex is composed of eight water-soluble B
vitamins which primarily functions as an enzymatic cofactor
by supporting various physiological processes such as energy
production, macronutrient (carbohydrate, protein and fat)
metabolism and neurological system functions. Although there is
an overlap of functions, each vitamin has unique characteristics
regarding food sources, absorption and transport mechanisms,
required values for optimal functioning, available supplementation
and clinical outcomes when interacting with other medications.
As shown in this review, vitamin B deficiencies present as serious
symptoms and requires supplementation when necessary. South
Africa has a range of vitamin B supplements to treat deficiencies,
but an individual receiving supplementation should inform their
healthcare professional of currently used concomitant medication
to prevent drug-vitamin interactions. It is also important to take
note of the RDA values when supplementing, to prevent vitamin
B toxicity.
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Influenza vaccination: a practical update for pharmacists
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Abstract

Worldwide, seasonal influenza epidemics and sporadic influenza pandemics result in high morbidity and mortality rates. The
immunocompromised, individuals with chronic health conditions, older adults, infants and pregnant women are most at risk of severe
morbidity and mortality from influenza. Annual vaccination remains the most cost-effective strategy for preventing influenza and reducing
influenza-related complications, hospitalisations and deaths. Despite clear public health benefits, vaccine uptake remains suboptimal due
to limited awareness, misconceptions about vaccine safety and effectiveness, low perceived influenza risk, and logistical access barriers.
Pharmacists are well-positioned to improve vaccine uptake through targeted interventions such as advocacy and patient education, and
directly through vaccine administration, stock management, cold-chain management and adverse event following immunisation monitoring.

Keywords: influenza, vaccination, immunisation, prevention, health communication
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Introduction

Influenza remains a major global public health concern, with a high
disease burden and significant economic impact. Approximately
3-5 million cases of severe influenza resulting in an estimated
290 000-650 000 respiratory deaths, occur annually.”* Influenza
(along with pneumonia) is one of the top 10 underlying natural
causes of death in South Africa, ranked 6™ for the period 2021-
2023.* A modelling study based on 2013-2015 South African data,
estimated that 10.7 million influenza-related illnesses and 11 536
deaths from influenza occurred annually.?

Influenza is a highly contagious acute respiratory illness caused
by influenza viruses. Both influenza types A and B cause seasonal
epidemics; however, influenza A is also responsible for most global
influenza pandemics3® In South Africa, the influenza season
typically occurs during the winter months. However, the National
Institute for Communicable Diseases (NICD) reported that in 2025,
the season started as early as March and ended in July, while out-
of-season smaller increases were observed in September/October
and again in November/December.? Similarly, the 2026 influenza
season started in early March.” The influenza virus genome allows
rapid evolution via gene exchange/reassortment (antigenic shift)
and mutations (antigenic drift), which determine its virulence and
circulation.5®

Respiratory droplets released during coughing or sneezing is the
primary mode of transmission, and infection typically occurs from
close contact (within 1 to 2 meters) with an infected person or
touching contaminated fomites.5*'° The upper respiratory tract,
which includes the nose, throat, bronchi, and occasionally the
lungs, is the primary site of influenza infection, although it can
also affect the heart, brain, and muscles.®® The symptoms vary in
severity and include fever, chills, headaches, myalgia, arthralgia,
pharyngitis, coughing and rhinitis/coryza. Viral shedding

https://doi.org/10.36303/SAPJ.4796

commonly occurs from a few days before to a week after symptom
onset, but may persist for >10 days in infants and adults with
severe disease, and even longer in severely immunocompromised
patients.5®

Most people recover from influenza within a few days; however, it
can cause complications resulting in hospitalisation and/or death,
particularly among high-risk populations including pregnant
women, infants, older adults (= 65 years) and individuals who
have chronic health conditions or are immunocompromised.® In
adults, influenza is the main viral cause of community-acquired
pneumonia (CAP) and increases the risk of secondary bacterial
infections, including pneumococcal pneumonia, the primary
cause of bacterial CAP" Influenza illness may resultin absenteeism,
or hospitalisation and/or death which has a significant negative
impact on both the economy and the healthcare system.>'* With
the rise of antimicrobial resistance (AMR), influenza vaccines are a
critical, yet underutilised tool to mitigate AMR through preventing
infections, reducing antibiotic use, and curbing the spread of
resistant bacteria."”

Prevention of influenza

Primary prevention remains the cornerstone of reducing the
spread and impact of influenza, particularly among vulnerable
populations at increased risk of severe disease and compli-
cations.®'® Although vaccination is the most effective strategy
for preventing influenza and its associated outcomes, a
comprehensive primary prevention approach should also include
non-pharmaceutical interventions.®'¢ These include regular hand
hygiene, respiratory etiquette such as covering coughs and
sneezes, appropriate use of face masks in high-risk settings, staying
home when symptomatic, and ensuring adequate ventilation in
indoor environments.5
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Influenza vaccine composition and recommendations

Influenza vaccine effectiveness and safety

Vaccination against influenza is considered the most cost-
effective infection control and prevention strategy, averting up
to 59% of infections in healthy adults while causing mostly minor
adverse events following immunisation (AEFI)."*" Serious AEFI
with the influenza vaccine are rare and include severe allergic
reactions which usually occur shortly after immunisation. Typical
AEFI include short-lived self-limiting systemic side-effects such
as transient fever, body aches, headaches and fatigue, and local
reactions such as pain and swelling at the injection site.'"”

Types and composition of influenza vaccines

The vaccines available in South Africa are egg-based; either
a split-virion or a sub-unit inactivated influenza vaccine (lIV).
These vaccines are updated annually with the strain composition
recommendations of the World Health Organization (WHO) for
the southern hemisphere, which are based on global influenza
surveillance data, antigenic analysis and expert review to maximise
vaccine effectiveness.'® Based on the WHO recommendations for
the 2026 influenza season, the influenza vaccine should contain
three strains, referred to as a trivalent vaccine.'

Egg-based vaccines should contain the following strains:
« A/Missouri/11/2025(H1N1)pdm09-like virus

- A/Singapore/GP20238/2024(H3N2)-like virus

« B/Austria/1359417/2021(B/Victoria lineage)-like virus.'®

In the past, quadrivalent influenza vaccines protected against
an additional B/Yamagata lineage virus. However, based on
the absence of confirmed detection of naturally occurring B/
Yamagata lineage viruses after March 2020, WHO considers the
risk of infection by this lineage as low.' As a result, WHO no longer
updates recommendations for the B/Yamagata lineage.'®

Due to antigenic drifts and shifts which result in changes in the
circulating virus strains, the influenza vaccine must be administered
annually.®°” Additionally, vaccine effectiveness gradually wanes
over time which further necessitates annual vaccination.®®'” The
vaccine is suitable for persons aged > 6 months and should ideally
be administered very early, before the start of the influenza season,

to allow sufficient time for adequate development of protective
antibodies.'” The recommended influenza vaccine dosages and
administration schedules are shown in Table I.

Priority groups and recommendations for influenza
vaccination

Certain population groups such as older adults (= 65 years),
infants, pregnant women, immunosuppressed individuals
(e.g. living with HIV; receiving chemotherapy or steroid
treatment) and individuals with long-term chronic medical
conditions (e.g. chronic cardiac, pulmonary, renal, metabolic,
neurodevelopmental, liver or haematological diseases), are most
vulnerable to severe influenza outcomes and should therefore be
prioritised for annual vaccination.>*%?' Persons at increased risk
of occupational exposure or transmission, particularly healthcare
professionals and caregivers, should also be prioritised to protect
both themselves and vulnerable patients.??See Figure 1 for further
details.

The recipient’s age, immunological status, and the match between
the vaccination strain and the circulating strain may all potentially
affect influenza vaccine effectiveness.”” Influenza vaccine
effectiveness is lower amongst older adults due to increasing age
and impaired immune function.®'* However, influenza vaccination
is highly recommended for older adults as it significantly lowers
hospitalisation and death rates.5”® Furthermore, influenza
vaccination has been shown to protect against influenza
cardiovascular complications (e.g. myocardial infarction,
myocarditis and stroke) and may protect against dementia.?*

High influenza vaccine coverage is essential to ensure individual
and community protection, known as herd immunity.”* Herd
immunity is a form of indirect immunity that occurs when a
substantial proportion of the population is vaccinated, thereby
reducing the likelihood of the unprotected being exposed to
infected individuals.?® The unprotected includes the unvaccinated
(i.e. babies < 6 months of age and anyone who is allergic to the
vaccine or a vaccine component) and those who have been
vaccinated but are unable to mount an immune response (i.e.
the immunocompromised); those exposed to a different strain of
the influenza virus not targeted by the vaccine they received; and
those who received a vaccine that had lost potency because of
incorrect storage.”®

Table I: Recommended dosage and dosage administration for 116192
Age group Children 6 months - 2 years Children 3 years - 8 years Adults and children = 9 years

Vaccine Trivalent IV e.g. Influvac®

Dose Consult package insert
0.25 ml
Number of doses per
annum > 1 month apart
Subsequent seasons: Single dose

Route of administration Intramuscular

Site of administration
if muscle mass is adequate)

Precautions

First year of vaccination: Two doses administered

Left anterolateral thigh or upper arm (deltoid muscle

0.5 ml 0.5 ml

First year of vaccination: Two doses
administered > 1 month apart

Subsequent seasons: Single dose

Single dose annually

Left upper arm (deltoid muscle)

Do NOT administer by intravascular injection and ensure that the needle does not penetrate a blood vessel
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Role of the pharmacist
Pharmacists as vaccine advocates

Pharmacists are among the most accessible healthcare
professionals and are often the first point of contact within the
health system for most people, particularly where other primary
health services are inaccessible or too expensive.?* In addition,
pharmacies can reach more patients since they are usually
conveniently located, have longer operating hours and patients
can access pharmacy services without the need for making
appointments.2%3°

Pharmacists’ easy accessibility positions them as ideal vaccine
advocates, with the ability to reinforce preventive behaviours
during patient interactions and to promote a broader culture
of infection prevention within communities and healthcare
settings.®?' In addition, pharmacists are key, accessible change
agents in improving life-course immunisation (vaccination
coverage across all life stages).?*3' Through advocacy, education
on the importance of vaccines in disease prevention and reducing
AMR, and by direct administration of vaccines, pharmacists
are well-positioned to help close vaccination gaps for children,
adolescents and adults, by building vaccine confidence and
improving vaccine access.*

The WHO Strategic Advisory Group of Experts on Immunization
(SAGE) alsoemphasises theimportance of healthcare professionals,
including pharmacists, in building public vaccine confidence.?
Studies show that healthcare professionals recommendation is
one of the key factors driving vaccine acceptance.?>*®* Conversely,
it has also been shown that a lack of healthcare professionals
recommendation may result in public complacency towards
vaccination** In 2022, the NICD launched CoughWatchSA, a
digital participatory surveillance platform for influenza-like illness
in South Africa.® CoughWatchSA aims to provide an early warning
system for influenza-like illness outbreaks, enabling the early
detection of the onset of the influenza season and supporting the
public health community to implement timely interventions and
mitigation strategies.* Pharmacists can contribute to this initiative
by promoting it to their patients and by directly reporting the
number of cases presenting at pharmacies with influenza-like
illnesses and number of clients vaccinated against influenza using
the online portal: https://coughwatchsa.org.za/.

Vaccine supply chain and cold chain management

Pharmacists play a critical role in ensuring the continuous
availability, quality, and integrity of influenza vaccines throughout
the supply chain.%3¢ Their responsibilities include appropriate
procurement, stock management, and ensuring that vaccines
are transported, received, and stored in accordance with Good
Pharmacy Practice (GPP) standards®¥” Influenza vaccines
should be stored in a dedicated vaccine refrigerator maintained
between 2 °C and 8 °C, equipped with a continuous temperature
monitoring device, and packed correctly to allow adequate cold
air circulation.®

The South African National Department of Health (NDoH) has
established public-private sector service level agreements
(SLAs) for selected Expanded Programme on Immunisation of
South Africa (EPI-SA) vaccines, whereby immunisation coverage
is increased through supplying these vaccines to participating
private pharmacies at no cost.>3® Although influenza vaccines
are currently not included in the SLAs, this noteworthy model
has been an effective mechanism for expanding access to EPI-SA
vaccines.®* The NDoH is currently reviewing this model with the
aim of implementing a policy to improve access to all vaccines
available in the public sector, including influenza vaccines.

Ensuring patient safety

Pharmacists can contribute to increasing public confidence in
influenza vaccination through their involvement in vaccine safety
monitoring. Influenza vaccines are safe and well-tolerated, with
mild, self-limiting AEFI being common, while serious AEFI are
extremely rare. The benefits of vaccination in preventing severe
influenza, complications, hospitalisation and death far outweigh
these risks."” Pharmacists are well-positioned to explain this
benefit-risk balance to patients and to address misinformation
that may contribute to loss of vaccine confidence.®

In South Africa, all vaccines are subject to strict regulatory
oversight and must be registered by the South African Health
Products Regulatory Authority (SAHPRA) before use. In addition,
vaccine batches entering the country go through rigorous quality
control processes before release by SAHPRA, providing further
assurance of vaccine safety, quality, and effectiveness.3*4°

The vaccine is contraindicated for persons with a history of severe
anaphylaxis following influenza vaccination, and caution should
be exercised in persons with a history of Guillain-Barré syndrome
within six weeks of influenza vaccination.® The vaccine should
preferably be withheld from personswithmoderate orsevereillness
with or without fever, until the symptoms have resolved.® Within
the pharmacy setting, pharmacists should assess patients for any
contraindications and precautions before vaccination, including
a history of severe allergic reactions to vaccine components or
previous influenza vaccines.'®*® Pharmacists should also ensure
correct storage conditions and check expiry dates as part of
vaccine safety assurance. Where pharmacists administer vaccines,
they should follow recommended administration procedures
and must be prepared to recognise and manage immediate AEFI,
including anaphylaxis.*!

Pharmacists, as part of their practice, should contribute to
pharmacovigilance through the identification, documentation,
and reporting of AEFI*° Timely reporting of suspected AEFI to
SAHPRA through the VigiMobile App (available online at: https://
vigiflow-eforms.who-umc.org/za/aefi) supports ongoing vaccine
safety monitoring and helps detect rare or unexpected AEFI.

Pharmacists as vaccinators

As custodians of medicines, pharmacists are focussing on the
provision of safe and effective medicines.?*?' Lately, pharmacist-
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led immunisation is expanding throughout the world, and
pharmacists are now playing an even greater role in disease
prevention by advocating for and administering vaccinations.?**’
In South Africa, the COVID-19 pandemic accelerated this role,
leading to the country’s largest public-private-partnership to date,
in which community pharmacies collaborated with the NDoH to
support the national COVID-19 vaccine rollout.*'#?

According to Regulation 18(6)(b) of the regulations relating to the
practice of pharmacy and Rule 2.14 of the rules relating to GPP,
pharmacists may participate in immunisation-related activities,
including the actual administration of vaccines to members of
the public, as a part of their scope of practice provided they are
authorised to do so and possess a Section 22A (15) permit.*'“?
Furthermore, the South African Pharmacy Council has developed
competency standards for pharmacists providing immunisation
services, defined the scope of practice for pharmacists offering
such services, and established criteria to accredit a generic short
course for pharmacists in immunisation and injection techniques,
and the delivery of immunisation services.*'*? Currently, four
universities offer a short course for pharmacists in immunisation
and injection techniques, upon successful completion of which
pharmacists are certified as vaccinators.®

Conclusion

Influenza vaccination remains the most effective influenza
prevention strategy and should be included in vaccination across
the life-course. Influenza vaccines are also key in combating
AMR. Despite the availability of safe and effective vaccines,
vaccine uptake is suboptimal due to many factors, including
access barriers and low vaccine confidence. This has the effect
of increasing morbidity and mortality, which in turn imposes a
heavy socioeconomic burden on the country. Pharmacists and
other healthcare professionals have a key role to play in increasing
vaccine uptake by ensuring the availability and correct storage
of vaccines, providing immunisation services and advocating for
vaccines, and educating clients on the risks of the illness and the
benefits of the vaccines, thereby building vaccine confidence. In
addition, they should inform clients about vaccinations provided
at no cost through public health programmes to reduce barriers
to access and thus improve vaccine coverage. As South Africa
has already entered the 2026 influenza season, pharmacists
are urged to serve as vaccine “champions” by strengthening
vaccine confidence, actively countering misinformation related
to influenza and other vaccines, and providing high quality
vaccination services.
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Abstract

Human papillomavirus (HPV) is a small, non-enveloped virus that infects cutaneous and mucosal epithelium. It is sexually transmitted, and
persistent infections with high-risk strains, such as HPV-16 and HPV-18, have been identified as contributing factors to 70% of global cervical
cancer cases. Cervical cancer is a serious problem in developing countries such as South Africa, where early detection of precancerous
lesions and comorbidities remains a challenge. The oncogenic activity of high-risk HPV strains is driven by the overexpression of E6 and E7
oncoproteins that bind to and inactivate key cell cycle regulators in host cells, such as tumour suppressor protein p53 and retinoblastoma
protein (pRb), resulting in the transformation of normal cells into cancerous cells. Since cervical cancer is a global health problem, vaccines
that prevent and target HPV infections have been developed to eliminate HPV-related cancers. Prophylactic vaccines are based on virus-like
particles derived from genotype-specific L1 proteins and are essential for preventing HPV infections by inducing neutralising antibodies.
School-based vaccination programmes in South Africa provide a single-dose of a L1-based bivalent vaccine, Cervarix, to girls over 9 years of
age. While prophylactic vaccines prevent HPV infections, they have no therapeutic effect in patients with established infections. Therefore,
therapeutic vaccines, such as ADXS11-001 and MVA-E2, which induce cell-mediated immune responses against viral oncoproteins E6 and
E7 in HPV-related cancer, are currently under clinical investigation worldwide. The types of therapeutic vaccines that have been developed
and evaluated in clinical trials include vector-, peptide- and protein-, whole-cell-, and nucleic acid-based vaccines; however, none have been
approved for clinical use. Improving the efficacy of prophylactic and therapeutic vaccines remains critical for targeting HPV-related cancers.

Keywords: cancer, human papillomavirus, infection, vaccines
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Introduction

The human papillomavirus (HPV) infection is the most common
sexually transmitted infection worldwide. In 2022, an estimated
1 505 394 HPV-related cancer cases and 755 303 deaths were
reported globally." Although HPV infection is more common in
women, with an estimated 80% of women contracting HPV by the
age of 50, it can be contracted by sexually active men and women.?
Geographically, there are significant differences in HPV infection
rates, with developing nations exhibiting a higher prevalence
of new infections and mortality than developed nations.! The
region with the highest incidence of HPV-related cancer is sub-
Saharan Africa (SSA) with 120 000 cases reported in 2018, and a
disproportionate number of young South African women (< 25
years) being affected.>* The high burden of HPV-related cancer in
SSAis likely due to the high cost of co-financing vaccines subsidies,
inadequate infrastructure for vaccine cold-storage, logistical
issues when transporting large quantities of vaccines, vaccine
hesitancy due to misinformation and a lack of education and
limited access to screening programmes.>*¢ Despite companies
such as Gavi (the Vaccine Alliance) subsidising HPV vaccines in 57
low-income countries, national HPV vaccination programmes are
not yet universally available in countries such as Angola, Ghana,

Namibia and Madagascar.’

https://doi.org/10.36303/SAPJ.4381

Epidemiology and oncogenic classification of human
papillomavirus

HPV is a non-enveloped deoxyribonucleic acid (DNA) virus
that infects the skin and mucous membranes, with more than
200 different strains identified.®? Currently, high-risk HPV strains
responsible for the majority of HPV-related cancers include
HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, -66, and
-68. Furthermore, HPV-16, -18, -31, -33, and -58 are commonly
identified in cervical cancer, with HPV-16 and -18 responsible
for more than 70% of all cervical cancer cases.’ In contrast, low-
risk HPV strains, such as HPV-6 and -11, induce genital warts
and papillomatosis of the larynx.”® Most HPV infections are
asymptomatic and transient; however, if spontaneous clearance of
the virus does not occur, persistent infection (lasting more than 24
months) with high-risk HPV can result in precancerous lesions and
ultimately lead to the development of various cancers over 15-
20 years.5' In immunocompromised individuals, such as human
immunodeficiency virus (HIV)-positive women, the development
of cervical cancer from an HPV infection is faster (5-10 years) and 6
times more likely compared to HIV-negative women.5'"'2 [f cancer
is diagnosed early, it can be treated with surgery, chemotherapy
or radiation, therefore, the prevention and early detection of
HPV infections are essential to detect pre-cancerous lesions and
reduce the risk of oncogenesis.>'
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HPV Genome
~ 8 kbp

Figure 1: Human papillomavirus genome. HPV is a double-stranded DNA
virus of approximately 8 kbp, consisting of early (E1-E8), late (L1 and L2),
and long control regions (LCR). The early region includes genes essential
for viral replication (green) and oncogenesis (red), whereas the late
proteins are capsid proteins necessary for the formation of new virions.

Ori - Origin of replication, kbp - Kilobase pairs

Conformational
changes in the viral
capsid structure

Transmission and oncogenesis of human papillomavirus

HPV has a double-stranded circular DNA genome of approximately
8 kilobase pairs (kbp) encoding early (E) region proteins, late (L)
region proteins, and an upstream regulatory region (URR) (Figure
1).2"* The early region encodes seven non-structural proteins
linked to viral replication, namely E1, E2, E1°E4, E5, E6, E7, and
E8°E2. The viral proteins E6 and E7 target several host oncogenic
and tumour suppressor proteins such as p53 and pRB in the host
cell.™ Viral capsid proteins consist of L1 and L2 proteins and the
URR, responsible for regulating DNA replication and is used for
HPV classification.?'

HPV transmission primarily occurs during sexual contact through
skin-to-skin or skin-to-mucosa contact; however, non-sexual
transmission, including indirect transmission via hands, perinatal
transmission from mother-to-child and transmission via blood
are also possible.’ The HPV virus enters the basal layer of the
epithelium through micro-wounds or micro-abrasions, and
attaches to cellular receptors on the basal cells (Figure 2).'° Entry
of the HPV into host cells is facilitated through endocytosis
when the L1 viral capsid protein attaches to heparan sulphate

Heparan sulfate proteoglycans

Y
T L2

Viral genome
replication

Nucleus

Initial infection

v

e -

L L2
Maintenance Vegetative Viral assembly
amplification & release

Figure 2: Lifecycle of high-risk HPV. HPV enters basal epithelial cells upon trauma and undergoes various stages: infection, maintenance, vegetative
replication, viral assembly, and release. The virus binds to heparan sulphate proteoglycans through L1 capsid proteins. Subsequently, conformational
changes expose L2 capsid proteins, and the viral particle is internalised into the host cell. The L2-DNA complex is delivered to the Golgi network, from
where it enters the nucleus during mitosis. Early genes E1, E2, E4, E6, and E7 and late genes including L1 and L2 are expressed in stratified epithelial cells
during infection, viral genome replication, and virion release. (Biorender, 2026)
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proteoglycans.’® This leads to conformational changes in the
viral capsid structure, which expose the L2 capsid protein on the
surface of the viral particle.” Next, the N-terminal of L2 is cleaved
by proprotein convertase furin, which facilitates the transfer of the
viral particle to a secondary receptor and results in subsequent
internalisation.™

HPV infection undergoes four stages in its life cycle: initial,
maintenance, vegetative amplification, and viral assembly
and release.’ Inside the host basal cell, the viral particle travels
within endosomes, where the viral capsid is disassembled in a
low pH environment. From there, the L2-related viral genome is
transported to the trans-Golgi network and ultimately released
in proximity to the host nuclear membrane.” Entry of the L2-
viral genome complex into the nucleus occurs during early
mitosis when the nuclear envelope is disrupted.®® Once inside
the nucleus, viral genome replication depends on host DNA
replication machinery, and E1 helicase and E2 proteins which
initiate viral genome replication are expressed.?’ In high-risk
HPV strains, the expression of E6 and E7 promotes cell cycle
progression and prevents apoptosis, as these oncoproteins bind
to the host p53 tumour suppressor protein and the cell cycle
regulator protein pRb, respectively.? During the initial infection
phase, a low copy number (50-100 per cell) of the viral genome is
generated as genome amplification is inhibited by the interaction
of host nuclear receptor corepressor and silencing mediator
for retinoid and thyroid hormone receptors (NCOR/SMRT)
complexes with E8"E2C proteins.® Thereafter, the maintenance
phase is initiated, and a constant number of viral genomes exist
as extrachromosomal plasmids in the undifferentiated basal cells
to create a persistent infection.”? Normally, when daughter cells
detach from basal cells, there is a loss of nuclei as cell proliferation
is inhibited; however, HPV-infected cells remain active in the cell
cycle due to the E7 protein.?2 Therefore, vegetative amplification
of the viral genomes occurs in differentiated keratinocytes of the
stratified epithelium and produces thousands of viral genomes.
Additionally, capsid proteins L1 and L2 are expressed, which
results in the assembly and release of newly formed virions during
desquamation of the outer layers.?? The time taken from initial
infection to the production of new virions is at least 3 weeks, since
this is the time taken for basal cells to differentiate, migrate to the
epithelium surface and desquamate.?*

Most HPV infections are resolved on their own through the cell-
mediated immune system; however, persistent infection with
high-risk HPV can lead to the integration of part of the viral
genome within the host genome, facilitating the development
of cancer. Integration of the viral genome typically results in
the overexpression of oncoproteins E6 and E7.2 Unregulated
expression of E6 and E7 interferes with the functions of tumour
suppressor genes, such as p53 and pRB, respectively. In normal
cells, p53 detects DNA damage and inhibits cell proliferation to
allow for DNA repair or cell apoptosis; however, E6 interaction
results in p53 degradation and ultimately genome instability.* The
retinoblastoma protein and structurally related p107 and p130

proteins regulate cell cycle progression by binding and inhibiting
E2F transcriptional factors that regulate the expression of genes
necessary for DNA synthesis and cell division. However, high-
risk HPV E7 proteins target pRB and related proteins for protein
degradation, which releases E2F transcription factors and results
in the expression of genes necessary for cell cycle progression.?”
Ultimately, this results in the uncontrolled growth of infected cells.

Therefore, long-term persistent infection with high-risk HPV
results in cellular alterations and precancerous lesions that, if left
untreated, could develop into cancer. Viral genome integration
and subsequent E6 and E7-mediated mutations are seen in 74%
of HPV-16 and 100% of HPV-18 infected cervical carcinomas.?®
It is estimated that persistent high-risk HPV infections result in
6 types of cancers and cause 90% of cervical and anal cancers,
70% of vaginal, vulvar and oropharyngeal cancers and 60% of
penile cancers.>® These organs have interior surfaces lined with
squamous cells that become infected with HPV.2

HPV infection and HIV co-infections contribute to cervical cancer
oncogenesis due to the pronounced proliferative effects of viral
oncoproteins E5, E6, and E7 in immunocompromised HIV-positive
patients. Furthermore, immune response in patients co-infected
with HPV and HIV, which consist of impaired T-cells and immature
dendritic cells, is insufficient to clear persistent HPV infections.*
HIV-infections also accelerate the progression of precancerous
lesions to cervical cancer by inducing epithelial-mesenchymal
transition, which facilitates cell growth and metastasis, through
the activation of the canonical Wnt signalling pathway.* One of
the main strategies to reduce the incidence of cervical cancer is
routine screening for precancerous lesions that can be treated
before progressing to cervical cancer.’

Screening and diagnosis of HPV-induced lesions

A persistent high-risk HPV infection can result in precancerous
lesions; therefore, early diagnosis and regular screening are
essential to stop the development of cancer.?® Various methods
are available to detect precancerous changes in the form of lesions
in cervical cells.

Cytological strategies have been implemented to identify
precancerous lesions formed due to HPV infections, such as the
Papanicolaou (Pap) smear, colposcopy, visual inspection test with
acetic acid (VIA), and thin prep cytologic test (TCT). For cervical
cancer, which has the fourth highest mortality rate in women with
approximately 350 000 deaths in 2022, Pap smears are routinely
used to detect aberrant cells, which could be a sign of precancerous
lesions. However, the Pap smear has low specificity and sensitivity,
and may result in inaccurate results?' Alternatively, colposcopy
helps identify precancerous lesions that are imperceptible to the
naked eye, improving the accuracy of histological sampling and
diagnosis.®? The visual inspection test with acetic acid has a higher
specificity than the Pap smear, as an acetic acid solution can be
applied directly to the cervix to detect underlying pathology.
However, VIA has lower accuracy in menopausal women, and a
higher rate of false positives is observed.?® Finally, TCT is a liquid-
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based cytological screening method that is more effective than
Pap smear in detecting abnormal cervical cells and facilitates early
detection and prevention of cervical cancer.®*

Additionally, HPV screening methods, such as Hybrid Capture 2
(HC2) and Polymerase Chain Reaction (PCR)-based HPV screening,
have been developed to reduce the false negatives observed
with cytological screening. Hybrid capture 2 is an HPV test that
consists of a probe that detects HPV infections from 13 high-
risk strains; however, single strains cannot be identified, and a
minimum of 5 000 viral copies are needed for a positive result.®
Polymerase chain reaction-based screening detects HPV-DNA or
messenger ribonucleic acid (mRNA) with high sensitivity from few
viral copies, allowing for the detection of numerous HPV strains
or the active transcription of E6/7, respectively.®** HPV screening
detects cervical cancer earlier than cytological screening, making
it superior to cytological screening (Pap smear and VIA test), which
could influence the prognosis of cancer.’>3#

The guidelines for HPV screening from the World Health
Organization (WHO) and Centres for Disease Control and
Prevention (CDC) include routine screening for women only,
as no tests are approved for screening men. If the Pap smear is
negative, re-evaluation is recommended every 3 years for females
aged 21-30 years, and Pap smear with PCR-based HPV testing is
recommended every 3-5 years for females aged 30-65 years.>*
Lesions detected in the epithelium of the cervix have been
classified into three groups: cervical intraepithelial neoplasia (CIN)
1-3. Low-grade CIN1 refers to flat warts that can produce newly
formed viral particles, with low proliferation at the bottom third of
the epithelium. High-grade CIN2 lesions consist of infected basal
cells occupying two-thirds of the epithelium, while high-grade
CIN3 lesions are precancerous.? Depending on the classification,
women may undergo surgery to remove precancerous lesions.
The prognosis for HPV infection remains good, as spontaneous
clearance of the virus occurs within 12-24 months. However, 10%
of HPV infections persist and can progress to cancer, which has a
high mortality rate.

Preventative and therapeutic management of HPV-infections

Currently, there is no treatment for HPV infections; however,
prophylaxis is available to prevent infection and subsequent
cancers. Therefore, the WHO launched a global strategy to
eliminate cervical cancer as a public health problem by 2030,
built around the 90-70-90 targets for vaccination, screening, and
treatment: 90% of girls aged 15 years vaccinated, 70% of women
aged 35-45 screened for HPV infections, and 90% of women with
precancerous lesions and cervical cancer treated.*® Cervical cancer
is primarily prevented through HPV vaccination and secondarily
through screening for the symptoms and diseases caused by HPV
infection, such as warts and cancer.

Prophylactic vaccines

The widespread use of preventative vaccinations has significantly
reduced the prevalence of HPV infections and related diseases, as

they result in high levels of neutralising antibodies against specific
HPV strains.>*® Currently, three main prophylactic HPV vaccines
are available: bivalent, quadrivalent, and nonavalent (Table [).*'
The bivalent vaccine (Cervarix, Cecolin, Walrinvax) targets HPV-
16 and -18, while the quadrivalent vaccine (Gardasil, Cervavax)
targets HPV-6, -11, -16, and -18. In South African schools, the
vaccination programme consists of a single dose of Cervarix
administered to girls aged 9-15 years, with increased dosing for
immunocompromised individuals. The most recent nonavalent
vaccine (Gardasil 9), which has largely replaced the quadrivalent
vaccine, provides broader coverage against HPV-6, -11, -16, -18,
-31, -33, 45, -52, and -58.4'%* The nonavalent vaccine targets
HPV genotypes present in 90% of cervical, 23% of vulvar, 61% of
vaginal, 21% of oropharynx, 25% of penile, and 79% of anal cancer
cases.*® However, approximately 28% of HPV-infected individuals
were infected with multiple genotypes, which frequently included
high-risk HPV-16, -18, and -59, probable high-risk HPV-44, and
low-risk HPV-82. Moreover, 64% of the cases with multiple HPV
genotypes had at least one HPV genotype not covered by any of
the existing bivalent, quadrivalent or nonavalent vaccines.*

Prophylactic vaccines consist of a non-infectious recombinant
vaccine derived from the L1 capsid protein and result in sustained
immunity against HPV infections for approximately 12 years
by producing antigen-specific antibodies and activating B cell
immunity.?** Vaccines are developed in bacteria, yeast, or insect
cells and administered with an adjuvant that induces high levels
of antibodies and immune response. Due to the fact that vaccines
are based on the L1 protein, they only provide strain-restricted
immunity rather than broader genotypic coverage.*

The WHO recommends one or two doses of HPV vaccines for
girls aged 9-14, one or two doses for girls and women aged
15-20, and two doses with a 6-month interval for women over 21.°
Although vaccination is generally not administered to males in
developing countries, the decrease in HPV infections in girls and
young women due to vaccination coverage is expected to provide
herd immunity to males.* However, global vaccination rates are
low due to cost, restricted access and limited knowledge and only
30% of the global target and 31% of countries in Africa have full
HPV vaccine coverage.”# Pan-gender vaccination programmes,
which include vaccination of adolescent boys and girls, have been
implemented in various developed countries to prevent HPV
transmission and protect against penile and anal cancers in men.

Furthermore, various factors influence vaccine coverage and
efficacy, such as vaccination age, geographical location, and
education. Data suggest that HPV vaccines are highly effective
when administered to HPV-naive patients before they become
sexually active, while vaccinations after HPV exposure have only
approximately 50-60% efficacy against targeted HPV genotype-
related lesions (CIN2 and CIN3) or cervical cancer.*® Second, the
types of HPV infections vary between geographical regions, with
HPV-45 and -31 frequently detected in most regions except Asia,
resulting in discrepancies in vaccine efficacy.* Finally, women's
knowledge of HPV transmission and prevention increases the
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acceptance and initiation of vaccinations.* Therefore, to sustain
higher vaccine coverage, educational initiatives are required.

Therapeutic vaccines

Therapeutic vaccines have been developed to treat cancers
induced by high-risk HPV infections, aiming to generate cell-
mediated immunity. These novel therapeutic vaccines target the
E6 and E7 oncoproteins of high-risk HPV strains, which are the
primary drivers of HPV-related oncogenesis.? Additionally, E2
could be an ideal drug target, as this protein acts as a translational
repressor of E6 and E7 proteins. Four types of therapeutic vaccines
have been developed and tested in genital neoplasia: vector-,
peptide-, and protein-based, whole cell-based, and nucleic acid
vaccines (Table II).>

Vector-based vaccines employ bacterial or viral vectors to deliver
antigens and induce innate immune responses that mimic the
natural course of infection. However, vaccine-related adverse
effects, such as immune responses targeting the vector and high
immunogenicity in patients with low immunity, limit the use of
vector-based vaccines.>*® ADXS11-001, a vaccine composed of
HPV-16 E7 carried by live-attenuated Listeria monocytogenes,
resulted in a 34% overall survival in patients with refractory
cervical cancer. Three vaccine-related serious adverse events
were observed in phase Il clinical trials and although phase I
clinical trials were conducted, results have not been published.>®
MVA-E2, consisting of modified vaccinia viruses containing bovine

E2 protein, had a 83% HPV DNA clearance rate and 89% overall
efficacy in regression of CIN1 lesions.®

Peptide-based vaccines contain antigenic peptide segments,
whereas protein-based vaccines are composed of antigenic
proteins that are processed by dendritic cells and result in low
T-cell immune responses.®® Therefore, although these vaccines
are safe, stable, and easy to produce, they are often combined
with adjuvants to enhance immune response. ISA101, a peptide-
based vaccine made of overlapping E6 and E7 proteins, was
combined with CpG or GPI-0100 during phase Il clinical trials and
resulted in a polyclonal immune response that induces tumour
regression in mice.’' Furthermore, in patients with cervical cancer
combination therapies of ISA101 and nivolumab resulted in a 33%
response rate, while ISA101 and carboplatin-paclitaxel treatment
resulted in tumour regression in 43% of patients.®? However,
patients with HPV-16 induced vulvar and vaginal precancerous
lesions and advanced cervical cancer do not respond to ISA101
vaccines in combination with immune checkpoint blockades or
chemotherapeutics.®* The efficacy of PepCan, a peptide-based
vaccine containing HPV-16 E6 peptides, was tested in phase Il
clinical trials resulting in a 45% regression rate in patients with
high grade lesions.®®

Whole-cell vaccines consist of dendritic cells that serve as
adjuvants and are loaded with HPV E proteins. Dendritic cells
loaded with HPV-16 and -18 E7 antigens were immunogenic in
patients with CIN1/2; however, the manufacturing of whole-cell

Table II: Therapeutic vaccines targeting HPV

Vector-based®  Live-attenuated listeria ADXS11-001° High-risk advanced cervical Overall survival rate of 35% in Phase III>%°
monocytogenes cancer (3 doses at days 1, 29 12 months*
containing HPV-16 E7 and 57)*°
fused with listeriolysin O>°
Vaccinia virus containing ~ MVA-E2° Intraepithelial CIN2/3 lesions 83% HPV DNA clearance Phase [I1>€°
bovine HPV-16 E2 (females: 6 weekly intralesional
protein® f:loses, males: 5 Weeljy 89% elimination of CIN2/3 lesions
intraurethral doses) in females
10% elimination of CIN2/3 lesions
in males®
Peptide- or Nine E6 and four E7 ISA101° HPV-16 solid tumours (two Ineffective in patients with advanced Phase II>62
protein-based® HPV-16 derived peptides low-doses, 0 and 12 months) cervical cancer
with Montanide ISA51
adjuvant®?
HPV-16 E6 peptides and PepCan® High-grade cervical lesions Significant T-cell immunogenicity®? Phase I°%3
Candin adjuvant (4 doses at a 3-week interval)®?
Viral loads significantly decrease®
Whole cell- Dendritic cells loaded Antigen-pulsed CIN1/2 lesions (5 doses Significant T-cell immunogenicity® Phase [>%
based® with HPV-16 and -18 E7®*  mature dendritic administered on days 0, 21, 42,
cell 63 and 84)%
Nucleic acid- Two DNA plasmids VGX-3100° High grade cervical lesions Virologic clearance at 18 months® Phase Ilb>%
based® encoding HPV-16 and -18 (3 doses at weeks 0, 4 and 12)%°
E6/7 proteins®®
Messenger- RNA mHPV? 3 doses at 7-week intervals® Significant T-cell immunogenicity® Preclinical®¢

encoding HPV-16 E6 and
E7 proteins®
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vaccines is labour-intensive and expensive, which limits their
USe.58’64

Lastly, nucleic acid vaccines contain bacterial plasmids or mRNA
sequences and work by introducing genetic information encoding
specific antigens into host cells. This allows the host cell to express
antigenic proteins and activate an immune response against
them. VGX-3100 contains synthetic DNA plasmids encoding
HPV-16 and -18 E6 and E7 proteins. During phase Il clinical trials,
VGX-3100 efficiently induced HPV-16 and -18 viral elimination at
18 months following vaccination and resulted in regression of
CIN3 lesions comparable to the control group, which underwent
surgical treatment.® DNA-based vaccines are stable and safe, but
have low immunogenicity, while RNA-based vaccines packaged
into vectors that induce sustained T-cell responses are unstable.®
Therefore, RNA-based vaccines, such as the mRNA-HPV (mHPV)
vaccine encoding HPV-16 and -18 E6 and E7 proteins, are
packaged into lipid carriers. Vaccination with mHPV effectively
suppressed tumour growth in mice models and resulted in robust
T-cell immune responses in mice and rhesus macaques.®®

Avariety of therapeutic vaccines that have been evaluated in phase
[1/11l clinical trials resulted in an overall regression of 54% of CIN2/3
lesions. However, because this response rate is substantially lower
than the efficacy achieved with standard surgical excision, none of
the therapeutic vaccines have been approved for clinical use.574®
Although patients with persistent HPV infections after treatment
remain at a higher risk of recurrence, the modest efficacy of the
therapeutic vaccines in clinical trials may not justify replacing
highly effective surgical interventions.

Strategies to increase global vaccination coverage

Future research is needed to develop financially feasible
vaccines and improve vaccine formulations to produce high
immunogenicity and broad-spectrum protection.*'#* Current HPV
vaccines, including bivalent and nonavalent vaccines, are stored
at temperatures between 2 and 8°C, which could be a significant
challenge in low-income countries with infrastructure and
financial constraints. Several next-generation vaccines have been
developed to facilitate vaccine access in low-income countries
and provide broader protection against high-risk HPV strains and
are candidates in advanced clinical trials.>” These new vaccines
include quadrivalent, nonavalent, 11-valent, and 14-valent
L1-based formulations. Additionally, capsid protein L2-based
vaccines, which allow long-term storage at room temperature
and are broadly protective against various HPV strains, are under
development. However, L2-based vaccine results in a low immune
response and only provides protection for one year, therefore,
various adjuvants, fusions and formulations are being explored to
achieve a durable and adequate immune reaction response.*’

Unlike prophylactic vaccines which prevent HPV infection,
various therapeutic vaccines targeting E6 and E7 oncoproteins
have been developed for cancer treatment. Multiple vector-,
peptide- and DNA-based vaccines have established efficacy and
immunogenicity, however, none have been licensed for clinical

use.* These therapeutic vaccines have the potential to be used
in combination with chemotherapy or radiation, and offer
advantages such as disease-specific immune memory.*’

Considering the high occurrence of HPV-related cancers in both
men and women due to persistent HPV-infections, educational
intervention and pan-gender vaccination programmes should be
implemented globally to achieve better vaccination coverage.*®

Conclusion

HPV infection is a global health concern strongly related to various
malignancies, including benign lesions such as warts and life-
threatening genital cancers. Persistent infection with high-risk HPV
leads to the expression of E6 and E7 oncoproteins, which disrupt
the cell cycle of squamous cells by enhancing cell proliferation
and inhibiting cell apoptosis. Therefore, the WHO has launched a
global strategy to eliminate HPV-related cervical cancer through
vaccination and screening. Prophylactic vaccines developed
and approved to prevent HPV infections include bivalent,
quadrivalent, and nonavalent vaccines consisting of virus-like
proteins from viral capsid protein L1 of different HPV genotypes.
Despite the efficacy of prophylactic vaccines targeting high-risk
HPV strains, vaccination coverage remains low, and more than 80%
of cervical cancer mortalities occur in lower-income countries.
Additionally, research on viral capsid protein L2 vaccines with
broad genotypic protection is underway, and efforts to increase
the low immunogenicity of these vaccines remain essential to
provide protection against HPV genotypes not covered by L1
virus-like particle vaccines. Various therapeutic vaccines targeting
viral oncoproteins E6 and E7 are being investigated for mono-
and combination therapy in cancer treatment. Vector-, peptide-
and protein-, whole-cell-, and nucleic acid-based vaccines have
demonstrated immunogenicity against high-risk HPV genotypes
and partial efficacy in lesion regression; however, none have
been approved for commercialisation. As most studies involving
therapeutic vaccines have been administered to patients with
advanced cervical cancer, further research and clinical trials are
warranted to validate and improve the efficacy and safety of
therapeutic HPV vaccines.
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Abstract

South Africa’s Expanded Programme on Immunisation (EPI) coverage has been on a downward trend in recent years, contributing to outbreaks
of vaccine-preventable diseases such as measles. While vaccine hesitancy is not a new phenomenon, its recognition as a major public health
threat gained widespread recognition in the 21st century and was further exacerbated by the COVID-19 pandemic. In order to achieve the
targets of Immunisation Agenda 2030 it is essential to address vaccine hesitancy through effective communication and behaviour change
interventions. While pharmacists can play a critical role in engaging hesitant individuals, a clear understanding of the drivers of vaccination
behaviour and the factors underlying declining vaccine confidence is necessary. This article proposes a practical, evidence-informed vaccine
communication standard operating procedure to support South African pharmacists in their daily practice.

Keywords: vaccine hesitancy, vaccine communication, standard operating procedure
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Introduction

A 2024 study published in The Lancet found that between 1974
and 2023 (50 years), 154 million lives were saved by vaccinations
against 14 pathogens targeted by the World Health Organization’s
(WHO) Expanded Programme on Immunisation (EPI).! This
equates to 6 lives per minute being saved every day for 50 years,
an astonishing achievement that is currently being undermined
by widespread misinformation/disinformation leading to vaccine
hesitancy. Asaresult, the world is not on track for reaching the WHO
Immunisation Agenda 2030 (IA2030) goals, with vaccine coverage
rates falling globally, placing millions at risk.2 For example, global
measles cases have surged because of low vaccine coverage,
including in the United States of America (USA) and Europe, with
measles predicted to become endemic in the USA if this declining
trend in vaccine coverage continues.? Similarly, in South Africa
EPI coverage has been on a downward trend for several years,
resulting in outbreaks of vaccine-preventable diseases (VPDs)
such as measles, rubella, diphtheria and pertussis.*®

The vaccine hesitancy phenomenon

Vaccine hesitancy is an age-old phenomenon, originating after
the cowpox vaccine against smallpox was invented in the late
18th century, and resurfacing after a fraudulent 1998 publication
falsely claimed that the measles-mumps-rubella vaccine (MMR)
caused autism.” While this article was subsequently retracted and
the false claim thoroughly refuted by many subsequent studies,
widespread media attention at that time resulted in continuous
circulation that was later considerably amplified by the advent

https://doi.org/10.36303/SAPJ.4701

of social media.” Currently, anti-vaccination misinformation/
disinformation social media campaigns are either directed against
vaccines in general or target specific vaccines, while the vaccine
misinformation/disinformation infodemic accompanying the
coronavirus disease 2019 (COVID-19) pandemic has undermined
trust in all EPI vaccines.®

Although vaccine hesitancy has existed for more than 250
years, it gained widespread recognition as a major public
health threat only in the 21st century, being defined in 2014 by
the WHO Strategic Advisory Group of Experts (SAGE) working
group on vaccine hesitancy as a ‘delay in acceptance or refusal
of vaccination despite availability of vaccination services,® and
declared by the WHO as one of the top 10 threats to global
health in 2019.' In terms of intervention design, a more helpful
definition was coined in 2022 to exclude vaccine refusal and
vaccine confidence, describing vaccine hesitancy as ‘a state of
indecision and uncertainty about vaccination before a decision is
made to act (or not act)’ (Figure 1)."® This recognises vaccine denial
as an unmodifiable fanatical state, whereas in essence, vaccine
hesitancy as a state of being undecided about whether or not to
vaccinate is open to behaviour change interventions. In order to
achieve 1A2030 goals, it is crucial to address widespread vaccine
misinformation/disinformation leading to distrust of public health
institutions as the major driver of vaccine hesitancy.2 However, this
is not something that will happen overnight, so right now, what
can the South African pharmacist do to prepare themselves for
effectively communicating with vaccine hesitant clients?

SAfrPharm J 2026 Vol 93 No 3
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Vaccine

refusal State of indecision and uncertainty about whether to
vaccinate or not to vaccinate

Considering
delaying some
or all vaccines

Decision made to

NOT vaccinate e

Considering
refusing some
or all vaccines

Figure 1: Spectrum of vaccine hesitancy

Preparation for effective communication with vaccine
hesitant clients

Understand the drivers of vaccination behaviour

The drivers of vaccination behaviours are sometimes framed as
the 3Cs: Confidence (in effectiveness, safety, the health system,
policy makers), Complacency (perceived low risk of acquiring
VPDs) and Constraints (barriers to accessing vaccination services,
including time, place, language, and cultural contexts). They can
also be framed as the 5Cs, when in addition to the 3Cs, Collective
responsibility (understanding the value of vaccination for creating
herd immunity) and Calculation (seeking information weighing
the benefits and risks of vaccination) are also included (Figure 2)."

In addition, a qualitative evidence synthesis of global studies
conducted by South African scientists, has suggested that these
drivers are processed differently according to an individual’s own
worldview, following two potential pathways towards vaccine
acceptance, namely ‘neoliberal logic’ and ‘social exclusion’'
Neoliberals, who are mainly from high-income countries, believe
they must assess their own health-related risks and make their
own health-related decisions,'? which conflicts with the concept
of a’‘social contract’ where everyone is called upon to contribute
towards herd immunity. In contrast, those experiencing social
exclusion (i.e.,economically, socially or politically), mainly from low-
and middle-income countries, may lack trust in the government
and may feel alienated, resentful, frustrated and demotivated."
Both of these pathways may lead to vaccine hesitancy or vaccine
refusal, with neoliberals potentially being strongly influenced by
misinformation leading them to reject vaccination based on their
own faulty risk-benefit analysis, while the socially excluded may
reject vaccination based on distrust of health authorities.

Understand how and why vaccine confidence is on the
decline

The infodemic accompanying the COVID-19 pandemic, plus the
often clumsy and sometimes inappropriate pandemic responses
by many governments throughout the world, has severely eroded
global public trust in vaccines in general, including in South
Africa.®'* When South Africa started rolling out the COVID-19
vaccine in early 2021, it was eagerly anticipated by > 70% of
adults who were planning to get vaccinated.” However, by
January 2023 only 50% of South Africans had been vaccinated."
In 2023, the United Nations Children’s Fund (UNICEF) reported a
30% decline in confidence in childhood vaccines in South Africa,

6 Vaccine hesitancy e

Vaccine
confidence
Decision made

9 to vaccinate

Considering
accepting some
or all vaccines

with only 62% of South Africans being confident that vaccines
are important for children.” Also in 2023, only 34% and 57% of
South African adults respectively, were confident that the next
pandemic would be handled better than the COVID-19 pandemic,
and would be willing to be vaccinated against the disease causing
the next pandemic.® Another 2023 study reported that 71% of
South African adults’ vaccination behaviours were found to fit the
2014 WHO SAGE definition of ‘a delay in acceptance or refusal of
vaccines despite the availability of vaccination services'? While the
COVID-19 pandemic ended in May 2023, the passage of time has
not improved vaccine confidence, with a survey conducted in late
2024 finding that only 63% of all South African adults and 55% of
South Africans aged 18-34 respectively, would give their children
all recommended vaccines.'® Unfortunately, many South African
healthcare workers (HCWs) also fell prey to COVID-19 vaccine
misinformation. For example, a survey conducted amongst Cape
Town HCWs at the time the vaccine was being rolled out, 48% of
whom were degreed healthcare professionals, reported that 41%
would either refuse or hesitate to be vaccinated."”

Understand the reasons why some people may be vaccine
hesitant

A study on vaccine sentiment expressed on South African social
media platforms before the COVID-19 pandemic, reported that

Confidence

® Effectiveness
¢ Safety

® Health system
® Policy makers

Collective

responsibility Complacency

® Understanding ® Perceived low risk

the Yalut.a of DRIVERS of acquiring VPD
vaccination OF ® Perceived low
® Creating herd severity of VPD
immunity VACCINATION
BEHAVIOUR

Calculation Constraints

® Seeking
information

® Weighing the
benefits and risks
of vaccination

Barriers to accessing
services

® Affordability

® Time & place

® Cultural context

Figure 2: Drivers of vaccination behaviour
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negative sentiments expressed vaccine safety concerns (including
the beliefs that vaccines contain toxins that damage the brain/
immune system/reproductive system; or cause cancer or death;
and too many vaccines received simultaneously overwhelm
the immune system); the belief that vaccines are not effective;
belief in conspiracy theories (including being used as ‘germ
warfare’ to ‘depopulate the world’; and that the vaccine industry
is solely profit-driven); and philosophical/religious objections
(including vaccine ingredients that conflict with religious beliefs;
vegans’ objections to the use of animal products in vaccines; and
mandatory vaccination, which does not exist in South Africa, being
a violation of human rights)."® In March 2021, while COVID-19
vaccines were being rolled out to HCWs in South Africa, the South
African Medical Research Council reviewed all South African
COVID-19-related surveys.’ Similar to the pre-COVID-19 era,
concerns about side effects, lack of effectiveness and conspiracy
theories were reported. However, safety concerns included the
newness of the vaccine, the speed at which it was developed and
lack of trust in the government to ensure safety; while conspiracy
theories included that COVID-19 is man-made and linked to 5G.
Many respondents were opposed to vaccination in general, and
many felt that they were at low risk for COVID-19."

Standard operating procedure (SOP) for effective vaccine
communication in practice

While this SOP targets pharmacists who are authorised
vaccinators, all pharmacists can use this guide for effective vaccine
communication (Figure 3).

Presumptive approach to initiating a conversation

Research has shown that when initiating vaccine conversations,
the ‘presumptive approach’ is strongly associated with vaccine
acceptance.®22 This approach assumes that the client is accepting
of vaccination, and uses language such as‘l see that Lebo is now

‘Standard Operating Procedure’
for Effective Vaccine
Communication in Practice

STRONG recommendation
from YOU, their
healthcare professional
Use strong language in favour
of vaccination (benefits)

OPEN dialogue, listen to
concerns, provide information
and never judge

PRESUMPTIVE style of
communication
Make a recommendation
as a statement; not

requiring a responsV

Figure 3:'Standard Operating Procedure’ for effective vaccine
communication in practice

6 weeks old, so today we are going to administer the vaccines
scheduled for 6 weeks of age' In contrast, using the ‘participatory
approach’ or ‘elective approach; as if you expect vaccination to
be a shared decision between you and your client, is strongly
associated with vaccine delay or refusal.?®? For example, if you
say 'l see that Lebo is now 6 weeks old. Should we vaccinate her
with the vaccines scheduled for 6 weeks of age today?’ Lebo’s
caregiver may assume that you are not so sure about the value
of vaccination and may rather want to either postpone or refuse
vaccination.

Open dialogue, listening and sharing information

When clients lack confidence in vaccines or perceive that vaccine
side-effects are a greater risk to themselves/their children than
the disease itself, they may decline vaccination. In this scenario,
your immediate response should be what has been termed
‘humble inquiry and compassionate listening'?® This response is
supported by evidence from research on an intervention known
as ‘motivational interviewing, the first steps of which are to enter
into a trustful relationship with your client where they feel free to
share their views without fearing judgement, allowing you to gain
an understanding of exactly why they don't want to vaccinate
themselves/their children.?

The next step is to offer information,® bearing in mind that
transparency in providing information about the risk-benefit
balance of vaccines shows respect for your client’s autonomy* and
builds trust.?¢?” While the emphasis should be on communicating
scientific evidence and consensus on vaccine safety and
effectiveness, acknowledging uncertainty and risk is also
important for building trust and reducing vaccine hesitancy.>%
In addition, explaining the risks of the disease versus the risks of
vaccine side effects with graphical aids as illustrated in Figure 4,
has been shown to increase vaccine acceptance.”® However, avoid
fear-mongering or scare tactics, such as describing or showing
photos of children with VPDs, as this may backfire and increase
vaccine hesitancy.®

When debunking misinformation, use language that is easily
understood by lay people, and avoid jargon and scientific terms.”
Care must be taken to avoid strengthening beliefin misinformation
by needlessly repeating it, and always end the explanation with
the fact; stating the fact at the end makes it easier to remember.?

Strong recommendation for vaccination

Furthermore, research has shown that strongly recommending
vaccination is strongly associated with subsequent vaccine
acceptance.®? Also, communication emphasising the personal
benefits of vaccination is strongly associated with vaccine
acceptance.®?”3° |n this regard, sharing your own personal stories
of yourself or your family members being fully vaccinated and
healthy, can be very powerful 2%

Finally, while the above approach is highly likely to result in a
happy ending, with your client accepting vaccination, if in the
end your client is still reluctant to vaccinate, you need to respect

SAfrPharm J 2026 Vol 93 No 3
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Effects per 10 000 people

who contract

10-30 child deaths
measles. due to respiratory and/or

neurological complications 1 9ut of 5 unvaccinated people

who contract measles are
hospitalised.

1 out of 20 children who contract
measles get pneumonia; the most
common cause is death.

500 child
' children get
. pneumonia; most

ommon cause of

1000 child
ear infections
with potential

permanent

hearing loss

1 out of 20 children who contract
measles get ear infection with
potential permanent hearing loss.

More than 3 cases
10 cases of of abnormal blood *
childhood clotting.
encephalitis.

Effects per 10 000 people who receive
the MMR vaccine.

0.04 cases
abnormal
blood-clotting.
0.035 allergic
reactions.

3 out of
10 000 people

experienced fever
related seizures.

Zero known risk from MMR vacine: autism

Comparing the risk of 10 000 children acquiring measles (left) versus receiving the measles-mumps-rubella (MMR) vaccine. A new original figure modified from.[9] Artwork by Fahim Akbar.?®

Figure 4: Example of a graphical aid to explain VPD risks versus vaccine side effects risks?®

their decision and leave the door open. This builds further trust,
allowing the vaccination discussion to continue during future
consultations.®

Conclusion

To recap, vaccine hesitancy, described as ‘a state of indecision and
uncertainty about vaccination before a decision is made to act
(or not act), is a major threat to global public health because it
has resulted in a downward trend in vaccine coverage, resulting
in VPD outbreaks. Understanding the drivers of vaccination
behaviour, how and why vaccine confidence is on the decline
and the reasons why people are vaccine hesitant, is important for
communication and behaviour change interventions. Effective
vaccine communication in practice should be based on three
main principles: Initiate the vaccination conversation using the
presumptive approach; provide a strong recommendation for
vaccination highlighting personal benefits; and maintain open
dialogue, listen, provide information and be non-judgemental.
These principles have been summarised in Figure 3 and can be
remembered as the SOP: Strong recommendation, Open dialogue
and Presumptive approach.
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Abstract

Creatine is a naturally occurring compound essential for cellular energy metabolism and is widely used as a dietary supplement to enhance
high-intensity exercise performance. However, its use extends beyond structured athletic performance contexts. Due to broad availability in
retail outlets and online platforms, creatine is increasingly used in recreational gym environments, school sports, and by adolescents seeking
improvements in physique and muscle mass, often without professional guidance. While creatine supplementation is well established in
adults, its use in adolescents remains controversial, largely attributable to ongoing safety concerns, persistent misconceptions, and the
limited availability of robust long-term data. Beyond its ergogenic effects, emerging evidence suggests potential for creatine to influence
cognitive performance. This review evaluates the prevalence of creatine use in adolescents, its mechanism of action, effects on athletic and
cognitive performance, as well as safety profile, with emphasis on the pharmacist’s role in counselling and monitoring. Current evidence
suggests that creatine supplementation, when used appropriately, is generally well tolerated in adolescents, although long-term safety data
remain limited. Pharmacists play a key role in promoting evidence-based use, mitigating risk, addressing misinformation, and supporting safe

supplementation practices in adolescent populations.

Keywords: creatine, adolescents, dietary supplements, safety, pharmacist role
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Introduction

Creatine is one of the most extensively researched ergogenic
aids in sports nutrition and one of the most widely used dietary
supplements worldwide. Synthesised endogenously from
arginine, glycine and methionine, and obtained exogenously
through dietary sources such as red meat and seafood, creatine
plays a central role in cellular energy metabolism. In the
skeletal muscles and brain cells, creatine contributes to the
phosphocreatine system, which functions as a rapid buffer for
adenosine triphosphate (ATP) regeneration during short-duration,
high-intensity activity (muscles), and cognitive performance
(brain)."*

In adult populations, creatine supplementation has consistently
demonstrated improvements in anaerobic performance, lean
body mass, and training adaptations, with an established safety
profile when used at recommended doses.?* The increasing
prevalence of creatine use among adolescent athletes, particularly
in strength- and power-based sports, underscores the need
for clear, evidence-based guidance.>” Adolescents may initiate
supplementation based on peer influence, social media exposure,
or performance pressures, frequently without professional
supervision. In this context, pharmacists are uniquely positioned
to provide structured counselling, evaluate risk factors, and
mitigate misinformation.

While the adolescent evidence base is smaller than that of adults,
a growing body of controlled trials, observational studies, and
clinical investigations has primarily examined performance
outcomes, with safety parameters often reported as secondary
outcomes in younger populations. These studies generally report

https://doi.org/10.36303/SAPJ.4549

modest ergogenic benefits and no consistent signal of clinically
significant adverse effects when creatine is used responsibly.
Nonetheless, long-term prospective data in healthy adolescent
cohorts remain limited, warranting cautious interpretation.’?

For the purposes of this article, adolescence is defined according
to the World Health Organization (WHO) as individuals aged 10-19
years.8 This review evaluates the current literature on creatine use
in adolescents, synthesising evidence related to efficacy, safety,
and common misconceptions. In addition, it provides practical,
pharmacist-focused guidance for assessment, counselling,
monitoring, and referral. By distinguishing between documented
risks and persistent myths, this article aims to support evidence-
informed decision-making in pharmacy settings.

Prevalence of creatine use in adolescents

Creatine supplementation is increasingly used by adolescents,
particularly those engaged in competitive or recreational sports
for performance enhancement.®'® Survey-based studies indicate
that prevalence varies by sport type, competitive level, age, and
sex.

Across middle- and high-school populations, approximately
5-20% of adolescents report prior or current creatine use.'® Use
is consistently higher among males than females and increases
across advancing grade levels.>™® For example, Metzl et al."
reported use in 8.8% of males and 1.8% of females (Grades 6-12),
with 44% of users in Grade 12. Similarly, Hoffman et al.? found
higher prevalence among males, with rates increasing to 22% in
Grade 12 males. Broader estimates suggest the general adolescent
population use ranging from 0.6-22.2% in males and 0.6-3% in
females.’
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Among adolescent athletes, similar sex-related trends are
observed and prevalence is generally higher, particularly in
strength- and power-based sports. McGuine et al." reported use
in 16.7% of high school athletes, with the highest rates among
football players (30.1%) and the lowest among female cross-
country athletes (1.3%). Smith et al."> documented an overall
prevalence of 8.2% among high school athletes, with rates
increasing to 21% among football players. Reported motivations
commonly include increasing lean body mass, strength, and
anaerobic performance.>® Even higher rates have been observed
among adolescents engaging in muscle-building behaviours,
particularly older boys and young men.®

Among elite adolescent athletes competing internationally,
prevalence appears higher than in both school-based and general
athletic cohorts. Petroczi et al.'® reported use in 36.1% of elite
adolescent athletes in the United Kingdom, with similar findings in
subsequent cohorts (28%).'” Jovanov et al.”® reported use in 25.3%
of internationally competing adolescent athletes across four
countries, with higher use among males and older adolescents.
Although earlier school-based studies suggested very low use
among females, more recent elite cohorts demonstrate greater
female representation among users.'®"

Despite these findings, creatine remains less frequently used
than other dietary supplements such as protein powders and
multivitamins which may reach prevalence rates of 60-80%
in athletic populations.? Overall, evidence indicates higher
use among males, older adolescents, and those participating
in strength-oriented and elite sport, reflecting the growing
normalisation of creatine supplementation in adolescent athletic
contexts.

Mechanism of action of creatine

The mechanism of action of creatine is the same across age
groups, with similar phosphocreatine-mediated ATP buffering
system working in both adolescents and adults. Creatine exerts
its primary physiological effect through augmentation of the
intramuscular phosphocreatine system, a critical component of
short-duration, high-intensity energy metabolism. Approximately
95% of total body creatine is stored in skeletal muscle, where it
exists as free creatine and phosphocreatine.22-22

Creatine is derived from two principal sources (Figure 1). It is
synthesised endogenously, from dietary sources such as red
meat and fish, through a two-step process. Initially, arginine and
glycine are converted to guanidinoacetate (GAA) in the kidneys
via arginine:glycine amidinotransferase (AGAT). GAA is then
methylated in the liver by S-adenosylmethionine (SAM), which
serves as the methyl donor, to produce creatine; this reaction
generates S-adenosylhomocysteines (SAH) as a by-product. Once
transported to target tissues such as skeletal muscle, creatine
is phosphorylated to phosphocreatine, which acts as a rapid
energy buffer by donating inorganic phosphate (Pi) to adenosine
diphosphate (ADP) to regenerate ATP (Figure A.1).2022

Although the majority of creatine is endogenously synthesised in
thekidneysand liver,a smallamountisalso synthesisedin the brain.
This occurs through enzymatic catalysation of arginine, glycine,
and methionine to supply 20% of the body’s energy expenditure.*
This involves a two-step process. Firstly, AGAT synthesises GAA
from arginine and glycine. Secondly GAMT (guanidinoacetate
N-methyltransferase) methylates GAA to produce creatine, using
S-adenosyl-L-methionine (SAMe). Creatine is then transported
from the extracellular space into the cells through the sodium-
chloride dependent transporter, Solute Carrier Family 6 Member 8
(SLC6AS8), against a concentration gradient (Figure A.2).2

In addition to endogenous synthesis, creatine is obtained
exogenously through creatine supplementation (Figure 1B).20%2
Following absorption in the small intestine, supplemental creatine
enters the systemic circulation and is transported into skeletal
muscle through the sodium-dependent creatine transporter
(CRT-1). Within the muscle cell, creatine is phosphorylated by
creatine kinase (CK) using ATP generated through mitochondrial
oxidative phosphorylation. During short-duration, high-intensity
exercise, ATP is rapidly hydrolysed to adenosine ADP to supply
energy for muscle contraction. This reversible reaction enables
phosphocreatine to function as an immediate phosphate donor
during periods of high ATP demand, thereby maintaining
intracellular ATP concentrations and sustaining muscle contractile
function.™?22 The CK reaction, shown below (Equation 1),
regenerates ATP from ADP:

Creatine + ATP = phosphocreatine + ADP ... (Equation 1)

Creatine supplementation increases total intramuscular creatine
and phosphocreatine concentrations, thereby enhancing rapid
ATP buffering capacity. Following optional loading protocols,
a typical maintenance dose of 3-5 g/day is sufficient to sustain
elevated intramuscular creatine stores in most individuals.
Increased phosphocreatine availability support improvements in
repeated sprint performance, peak power output, and resistance
training adaptations in adolescent populations.’?

In addition to its energetic role, intracellular creatine accumulation
exerts osmotic effects, increasing intracellular osmolarity and
promoting water influx into muscle cells (Figure 1). This cellular
hydration may reduce protein breakdown, enhance anabolic
signalling, and improve recovery following resistance training
through the activation of the mTOR (mechanistic Target of
Rapamycin)-related pathways.'?

Effects on athletic performance in adolescents

The evidence evaluating the ergogenic effects of creatine
supplementation in adolescent populations is evolving but
remains less robust than that in adults. A 2023 systematic review
of creatine use in paediatric and adolescent athletes identified 13
eligible studies involving participants aged approximately 11.5-
18.2 years.®> Although many of these studies were randomised
controlled trials, the review concluded that the overall
methodological quality was low and that findings regarding
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Figure 1: Synthesis and mechanism of action of creatine supplementation in skeletal muscle and the brain with associated physiological effects.
Schematic illustration created by the authors based on published descriptions of creatine absorption, synthesis, transport, phosphocreatine buffering, CK
shuttle activity, intracellular hydration effects, and anabolic signalling mechanisms.'?

Abbreviations: ATP - adenosine triphosphate, ADP - adenosine diphosphate, GAA - guanidinoacetate, AGAT - arginine:glycine amidinotransferase, SAM - S-adenosylmethionine, SAMe -
S-adenosyl-L-methionine, SAH - S-adenosylhomocysteines, Pi - inorganic phosphate, SLC6A8 - Solute Carrier Family 6 Member 8, CK - creatine kinase. Created with BioRender.com.

performance outcomes were inconsistent. Most studies focused
on soccer and swimming cohorts, and heterogeneity in dosing
protocols, supplementation duration, and outcome measures
limited comparability. The authors concluded that, while some
performance improvements were observed, definitive conclusions
regarding efficacy in adolescents cannot yet be made due to study
limitations.

Similarly, Jagim et al.? reviewed creatine supplementation in
children and adolescents and reported that several studies
demonstrate improvements in strength, sprint performance,
and high-intensity exercise capacity. Importantly, this review
noted limited evidence of ergolytic effects and suggested that
creatine’s physiological rationale in adolescents is comparable
to that observed in adults, given its role in phosphocreatine
resynthesis and rapid ATP regeneration. However, the authors
also emphasised that the volume of high-quality paediatric and
adolescent data remains small relative to adult literature.

More recent literature suggests that performance benefits
may be more context specific. A 2024 review by Ortiz-Barroso
et al* reported positive effects on muscular function and
physical performance in adolescent athletes but highlighted
substantial variability in dosing regimens and study design. This
heterogeneity complicates the ability to establish standardised

recommendations, particularly in younger populations where
maturation status may influence responsiveness.

Notably, newer controlled trials provide stronger sport-specific
evidence. In a 2024 double-blind, placebo-controlled study
in adolescent soccer players (~17 years), Huerta Ojeda et al.®
demonstrated that low-dose creatine supplementation (0.3 g/kg/
day for 14 days) improved muscle power output following acute
fatigue compared to placebo. This finding is clinically meaningful,
as fatigue resistance and recovery capacity are highly relevant to
competitive match conditions.

Extending beyond pure strength outcomes, a 2025 randomised
crossover trial in adolescent basketball players (13-14 years)
found that acute creatine supplementation enhanced technical
performance during cognitively demanding dual-task conditions
and reduced internal load.? These findings suggest that creatine
may influence not only muscular power but also performance
during complex motor-cognitive integration tasks, which are
central to many team sports.

Collectively, current evidence indicates that creatine

supplementation may improve muscular power, repeated sprint
ability, fatigue resistance, and potentially sport-specific technical
performance in adolescents. However, the literature remains
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characterised by small sample sizes, protocol heterogeneity, and
limited long-term follow-up. While emerging data are promising,
adequately powered studies are required before definitive
performance claims can be established for adolescent populations.

Effects on cognitive function in adolescents

The term ‘nootropics’ is commonly used to describe compounds
proposed to enhance cognitive function.”” Creatine has been
investigated for its potential ‘nootropic’ effects, with some studies
reporting improvements in specific cognitive domains, including
attention, memory, and executive function, whereas others have
failed to demonstrate significant cognitive benefit.?’2° Notably,
most of this research has been conducted in the adult population,
with comparatively limited data specifically evaluating
adolescents.?®%

Findings from early controlled trials are conflicting. Some
investigations report improvements in tasks involving short-
term memory, reasoning, or rapid information processing,
while others demonstrate no measurable benefit.* Differences
in dietary intake may further influence response, particularly
among individuals with lower baseline creatine stores, such as
vegetarians. For example, Benton et al.*° observed improvements
in short-term memory among vegetarians but not meat-eaters. In
contrast, Sandkdihler et al.3! reported only modest effects, with no
additional cognitive benefit observed in vegetarians compared
with omnivores.

Some evidence suggests that cognitive effects may be more
apparent under conditions of physiological stress, such as sleep
deprivation or mental fatigue. Gordji-Nejad et al*? reported
improved cognitive performance following a single high dose
of creatine in sleep-deprived individuals, and sleep-deprived
rugby players demonstrated improved throwing accuracy after
supplementation.?* However, these findings are not consistently
supported, and some reviews conclude that overall evidence for
cognitive benefit remains inconclusive.?®

Evidence specific to adolescents remain limited. In a study
examining both brain creatine concentrations and cognitive
performance in adolescents, no significant changes were
observed in either outcome following supplementation.3* These
findings highlight the difficulty of extrapolating adult data to
younger populations.

Overall, the current literature on cognitive effects is derived
largely from adult studies and is limited by small sample sizes,
short supplementation durations, variable dosing protocols,
and heterogeneous cognitive outcome measures. Differences in
baseline dietary creatine intake, age ranges, and methodological
design further complicate interpretation. Given the paucity of
adolescent-specific data and the inconsistency of adult findings,
well-designed, adequately powered trials in adolescents are
required before definitive conclusions can be drawn. Nonetheless,
this remains an emerging and evolving area of research.

Safety considerations

With the increasing use of creatine among adolescents, its safety
in this population warrants consideration. Although creatine is
well-established as safe and well tolerated in adults across short-
and long-term studies,*>* comparatively limited research has
evaluated its safety in adolescents.

A review by Jagim et al.? reported no evidence of adverse effects
in adolescent athletic populations. However, the included studies
were generally small, short in duration, and primarily assessed
performance rather than comprehensive clinical safety markers.
While short-term use appeared well tolerated, long-term clinical
safety remains insufficiently characterised.

Renal safety

Renal safety remains one of the most frequently discussed
concerns.** However, current evidence does not support an
association between creatine supplementation and kidney injury
in healthy individuals, including adolescents and young adults.>”
Although modest increases in serum creatinine may occur, these
do not reflect renal dysfunction.>3#

Growth and musculoskeletal development

Concerns have also been raised regarding supplementation during
periods of rapid growth and musculoskeletal development.>** As
an osmotically active compound, creatine increases intramuscular
water content and total body mass, contributing to gains in lean
mass and strength.® However, the long-term implications during
pubertal development and potential effects on musculoskeletal
maturation remain insufficiently studied.*#

Hydration and thermoregulation

Related concerns include dehydration and muscle cramping,
as creatine’s effects on intracellular water distribution have
been speculated to impair thermoregulation during intense
exercise, extreme heat, or fluid loss.> However, adult data do not
demonstrate an increased risk of dehydration or heat-related
iliness at recommended dosages,* and similar findings have been
reported in adolescent football players.”* Some evidence further
suggests that creatine’s osmotic effects may attenuate exercise-
induced increases in core body temperature and heart rate,
potentially mitigating heat-related risk.3#?

Clinical, regulatory and additional health-related
concerns

Evidence from younger populations further supports the
tolerability of creatine supplementation. In children, creatine
has been associated with clinical and functional improvements
in conditions including systemic lupus erythematosus and
neuromuscular conditions, without adverse effects on laboratory
markers such as renal function.**> Improved outcomes following
traumatic brain injury have similarly been reported in children and
adolescents receiving supplementation.*
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Table I: Pre-supplementation assessment checklist for creatine use in adolescents

Age and supervision Adolescence defined as 10-19 years (WHO); parental awareness is recommended 2,5,8
Indication Most evidence in high-intensity, repeated effort sports 2,25
Medical history Screen for underlying renal disease or relevant risk factors 2,5
Concurrent medications Assess use of nephrotoxic medications or agents affecting renal haemodynamics 5
Dietary intake Vegetarian diets may be associated with lower baseline creatine stores 2
Training load Structured and consistent training is required to drive benefit 2,5

Table II: Medicines and supplement combinations requiring caution with creatine supplementation

Nephrotoxic medications  Chronic non-steroidal anti-inflammatory drugs

(NSAIDs); aminoglycosides; high-dose antivirals

Agents affecting renal

perfusion angiotensin Il receptor blockers (ARBs)

Stimulant-containing
supplements

High-caffeine pre-workout products;
sympathomimetic agents

Excessive protein stacking
creatine

Regulatory assessments further support the safety profile of
creatine. The United States Food and Drug Administration (FDA)
classify creatine as Generally Recognized as Safe (GRAS) for its
intended use, reflecting expert consensus that available evidence
supports its safety under specified conditions, including in older
children and adolescent populations.'

Available evidence does not demonstrate a direct association
between creatine supplementation and eating disorders, and no
adverse effects have been identified in individuals with psychiatric
conditions.”” A recent prospective study reported an association
with muscle dysmorphia symptomatology in adolescents and
young adults.*® However, these findings are limited due to reliance
on self-reported data and non-probability sampling.

Finally, Simpson et al* observed a trend towards increased
markers of airway inflammation and responsiveness in adolescent
elite soccer players following creatine supplementation,
suggesting a potential adverse effect on airway function. As this
finding is limited to a single investigation, further research is
required before definitive conclusions can be drawn.

Overall, although adolescent-specific evidence is limited, current
data suggest that creatine supplementation is generally safe and
well tolerated when used appropriately. Further high-quality,
long-term studies are needed to better define its safety profile in
this population.

Pharmacist counselling and monitoring considerations

Pharmacists are frequently consulted regarding creatine
supplementation and are well positioned to provide evidence-
based guidance. In adolescent populations as previously stated
10-19 years), pharmacists play a critical role in structured
assessment, appropriate  counselling, product selection,

Angiotensin-converting enzyme (ACE) inhibitors;

High-dose protein supplementation combined with

Potential additive renal stress in individuals with pre- 2,5
existing risk factors

Altered renal haemodynamics may complicate renal 5
monitoring in higher-risk individuals

Increased risk of dehydration and heat-related 2
complications during intense training

May affect hydration balance and increase 2
gastrointestinal discomfort

monitoring, and referral where necessary.>® Creatine use in this
age group should not be casual or unsupervised. Assessment
must precede recommendation.?®

Structured assessment framework

Creatine supplementation is most evidence-based in activities
requiring  short-duration, high-intensity, repeated efforts
including sprinting, resistance training, and soccer.2? It has limited
relevance in endurance-only sports including triathlon (Ironman)
marathon, ultra-marathon, and mountain biking.? Moreover,
adolescents should be engaged in structured, progressive training
before supplementation is considered.?* Table | outlines a practical
checklist to guide pharmacists during counselling.

Medication and supplement interaction screening

Although direct pharmacokinetic drug-creatine interactions
are uncommon, the potential cumulative renal load should be
considered.>® Adolescents with pre-existing renal disease or
identifiable risk factors should be referred for medical evaluation
prior to initiating supplementation.’ In addition to Table |, Table I
provides a practical cross-reference tool to support screening for
medicine and supplement combinations requiring caution with
creatine.

Dietary considerations

Baseline dietary creatine intake influences response to
supplementation. Individuals consuming low meat or
vegetarian diets may have lower intramuscular creatine stores
and demonstrate greater responsiveness to supplementation.?
However, supplementation does not compensate for inadequate
caloric or protein intake. Creatine is most beneficial when
combined with structured resistance training and adequate
nutrition.>®
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Counselling messages for adolescents and parents/
guardians

Pharmacists should emphasise that creatine supplementation
supports an endogenous energy system.? Benefits are most
evident in short-duration, high-intensity activities.??* Importantly,
creatine does not replace training or proper nutritional practices,®
and it should not be viewed as a rapid cosmetic intervention.
Typical dosing strategies include an optional loading phase
followed by a maintenance dose of 3-5 g/day to maintain elevated
intramuscular stores.? Consistency in training and dosing is more
important than aggressive supplementation strategies.?

Product selection

Creatine monohydrate remains the most extensively studied
and evidence-supported form.2 Pharmacists should recommend
single-ingredient creatine monohydrate products that have
undergone quality testing to ensure purity and avoid proprietary
blends. Gastrointestinal discomfort may occur in some individuals.
However, this can be minimised by dividing the daily dose and
consuming it with meals.?

Monitoring during use and referral

Monitoring of adolescent creatine users should include
periodic review of gastrointestinal symptoms, evaluation of
dosing adherence and duration of use, and confirmation that
supplementation aligns with structured training practices.
Reassessment every 3-6 months is advisable in this population.>®
Referral should be considered if renal symptoms develop, if
inappropriate supplement stacking or excessive stimulant use is
identified, or if underlying medical risk factors are present. Referral
is also recommended for adolescents with pre-existing renal
disease or concerning supplement-use behaviours.

Conclusion

In conclusion, creatine use among adolescents is increasing,
particularly among males and in elite or strength-oriented
sporting contexts. Current evidence suggests that creatine
supplementation may improve muscular power and fatigue
resistance and is generally well tolerated when used appropriately.
However, evidence supporting its use for cognitive enhancement
remains limited. Although adolescent-specific data remain
minimal, available studies do not indicate significant safety
concerns. Long-term, high-quality, and adequately powered trials
are needed to support safety and efficacy in both athleticand non-
athletic adolescent populations. Similar requirements are needed
for the evaluation of cognitive outcome. Until such data are
available, access to accurate, evidence-based information remains
essential, with pharmacists playing a central role in counselling,
risk assessment, and guiding safe supplementation practices.
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Abstract

Despite advances in antiretroviral therapy, multidrug-resistant human immunodeficiency virus (HIV) remains a major challenge. Novel
agents with unique mechanisms of action and long-acting formulations are needed to improve treatment outcomes, adherence, and patient
support. Lenacapavir is the first agent in the class HIV-capsid inhibitors. It disrupts multiple stages of viral replication, including capsid
disassembly, nuclear import, and virion maturation. Its administration by long-acting subcutaneous formulation enables dosing every six
months, addressing non-compliance associated with daily oral therapy. Lenacapavir shows potent antiviral activity against both treatment-
naive and multidrug-resistant HIV-1 strains. Lenacapavir is a potentially transformative HIV prevention tool, indicated in pre-exposure
prophylaxis. Pharmacists play a crucial role in optimising therapy by providing patient education, monitoring adherence, managing drug-
drug interactions, and supporting both treatment and preventative strategies, including potential long-acting pre-exposure prophylaxis.
Overall, lenacapavir provides a promising and practical alternative that could improve patient outcomes, reduce new infections through

effective pre-exposure prophylaxis and strengthen ongoing efforts to control the HIV epidemic.

Keywords: lenacapavir, capsid inhibitor, long-acting ART, HIV, pre-exposure prophylaxis
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Introduction

Human immunodeficiency virus (HIV) remains a significant global
health burden despite advances in antiretroviral therapy (ART).
The widespread use of potent agents, particularly integrase strand
transfer inhibitors, has improved viral suppression rates, reduced
HIV-related morbidity and mortality and rendered the disease a
manageable chronic condition.”? While ART has revolutionised
HIV care, the requirement for daily, lifelong adherence causes
treatment fatigue, leading to missed doses, potential virologic
failure, and the development of drug-resistant strains.> Even with
great successes of ART, the new HIV infection rates recorded in
South Africa in 2024 were more than 170 000. This figure reflects
the need for improved efforts in prevention of transmission of the
virus®

The development of long-acting ART is transforming HIV care
by addressing the limitations of older ART regimens, such as
a variety of side-effects and the lack of adherence to treatment
regimens.® Lenacapavir (GS-6207) is a first-in-class capsid inhibitor
that disrupts multiple stages of the HIV replication cycle, offering
activity against multidrug-resistant HIV-1.7 This is a long-acting
formulation administered subcutaneously every six months,
presents a promising approach to overcoming adherence barriers
associated with daily regimens and high pill-burden.?®

Beyond its role in HIV treatment, lenacapavir has emerged as
a groundbreaking agent for HIV prevention, particularly in the
context of pre-exposure prophylaxis (PrEP) where infrequent
dosing could improve uptake and adherence.®'® Lenacapavir was
registered in October 2025 by the South African Health Products

https://doi.org/10.36303/SAPJ.4587

Regulatory Authority (SAHPRA) and roll-out for the PrEP starts
in April 2026." This review provides an overview of lenacapavir,
focusing on its mechanism of action, safety profile, and the role of
a pharmacist in its use.

Mechanism of action

Lenacapavir exerts its antiviral activity by selectively targeting
the HIV-1 capsid protein (p24), a structural component essential
for multiple stages of the viral replication cycle. It binds to a
highly conserved interface between capsid subunits within
the hexameric lattice, thereby altering capsid stability and
function.'' In the early stages of infection, lenacapavir interferes
with essential capsid-dependent processes such as uncoating
and interactions with host nuclear transport proteins, including
CPSF6 and nucleoporins. This interference prevents the efficient
transport of viral DNA into the nucleus, subsequently inhibiting
integration into the host genome.™

In addition to its early-stage effects, lenacapavir also inhibits the
late stage of viral replication by impairing capsid assembly and
maturation. It induces abnormal stabilisation of the capsid lattice,
a process often described as “hyperstabilisation,” which disrupts
the normal balance between capsid hexamer and pentamer
formation. This leads to the production of structurally defective
and non-infectious virions.” Furthermore, lenacapavir does not
inhibit proteolytic cleavage of Gag; instead, it alters the structural
organisation of the capsid during virion maturation, resulting in
impaired infectivity of newly formed viral particles.'®

By targeting a structural protein rather than a viral enzyme,
lenacapavir uniquely exerts its effects across multiple stages of the
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*Lenacapavir inhibits HIV by: 1) Target HIV-1 capsid protein, 2) inhibit late-stage replication by impairing capsid assembly, 3) alter structural organisation of capsid during virion maturation

Indication for the use of lenacapavir in South Africa

HIV lifecycle, including nuclear entry, capsid assembly, and virion
maturation, preventing viral replication by inhibiting the proper
assembly and function of the viral core. This multistage mechanism
contributes to its potent antiviral activity and effectiveness against
strains of HIV that are resistant to other classes of antiretroviral
drugs."™ Figure 1 shows the mechanism of action of lenacapavir
inhibiting multiple stages of the HIV life cycle.

Lenacapavir is indicated for the treatment of multidrug-resistant
HIV-1 infection in adults and PrEP in both adults and adolescents.™

For the treatment of multidrug-resistant HIV-1 infection, it is
recommended to be used in combination with other antiretroviral
drugs such as emtricitabine and tenofovir. It is specifically
indicated for patients with failing ART regimens because of
resistance, intolerance or other safety concerns.”

The significance of lenacapavir registration in South Africa is for
PrEP; and approved for reducing the risk of HIV-1 infection in adults
and adolescents weighing at least 35 kg. High risk groups of clients
who are encouraged to take up PrEP include female sex-workers,
men having sex with men, pregnant and breastfeeding women
and adolescent girls. For these populations, lenacapavir could
reduce the stigma of visible medication use, improve autonomy
and unstable access to healthcare, and eliminate barriers related
to daily pill burden.® The long-acting sub-cutaneous injection
offers a convenient alternative to daily oral PrEP in both high
and low-resource settings. Lenacapavir PrEP is highly effective
at preventing HIV acquisition, and the long-acting option may
increase the uptake of HIV prevention strategies."

The efficacy of lenacapavir has been shown with the PURPOSE 1
and PURPOSE 2 trials, where lenacapavir was evaluated against

daily oral PrEP and not a placebo. Lenacapavir showed a reduction
of new infections in 99%, displaying one of the lowest incidence
rates in any HIV trial.°

Clinical guidance for using lenacapavir as PrEP
Identifying eligible candidates for PrEP

Clinicians, pharmacists or registered nurses providing PrEP
services should first assess the client’s HIV acquisition risk and
exclude those with acute HIV infection.?

Recommended laboratory testing

Laboratory blood-based HIV antigen/antibody testing is
recommended on initial lenacapavir injection to rule out recent
HIV infection but may be administered if testing occurred within
the previous seven days. At initiation of lenacapavir PrEP, a
confirmatory HIV RNA test should be obtained, although the RNA
assay should not delay treatment initiation. A repeat antigen/
antibody test should be obtained after four weeks to exclude
undetected baseline infection. For patients with positive antigen/
antibody tests, a full HIV test panel should be performed and first-
line ART initiated.®

Hepatitis B viral (HBV) infection should be ruled out if patients are
switched from tenofovir-based PrEP to lenacapavir, as tenofovir
suppresses HBV. Alternative treatment for HBV should be
provided.?®

Initiation and dosing regimen

Once a client is deemed eligible for PrEP with lenacapavir, the
client can be initiated immediately with a loading dose. Figure
2 provides a visual representation of the dosing regimen, which
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Day 1 Day 2

e
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2 x 300 mg oral +

2 x 300 mg oral

2x1,5mlSC

Figure 2: Dosing regimen for lenacapavir PrEP

includes two 300 mg oral tablets and two 1.5 ml subcutaneous
injections (927 mg), administered at least 4 inches apart on day
one. Injection sites include the abdomen or anterior thigh. Day 2
is followed by two 300 mg tablets, whereafter the subcutaneous
injections can be administered 927 mg every six months.""?°

Side effects, adverse events and contraindications

Several studies have assessed the efficacy and safety aspects
related to the use of lenacapavir.®'72'2 In terms of efficacy, long-
acting lenacapavir has overall been proven to be highly effective
in preventing HIV acquisition and in achieving viral suppression
in heavily previously treated people with multidrug-resistant
HIV.82 However, the use of lenacapavir is associated with injection
site reactions such as pain, swelling, erythema, induration and
nodules.?>? Nodules are the most reported injection site reaction
and are formed because of the drug depot that results in a
subcutaneous nodule. It can be several centimetres in size and may
last from several months to more than a year.?® Other injection site
reactions usually resolve within a couple of days and are mild.?2
Other non-injection site side effects include nausea, diarrhoea,
cough, headache, pyrexia, urinary tract infections, arthralgia, back
pain, constipation, rash and oral candidiasis.®'"?

Although lenacapavir has no safety concerns and has been shown
to be safe to use in pregnancy, it may lead to an increased risk
of resistance to capsid inhibitors among those who experience a
breakthrough infection.” This resistance is due to seven mutations
(L561, M661, Q67H, K70N, N74D, N74S, and T107N) that have been
identified in the HIV-1 capsid protein.* However, lenacapavir
resistance remains a rare occurrence, even in monotherapy, and
has only been observed at subtherapeutic levels.?*

Lenacapavir has significant interactions with inducers of CYP3A
and UGT1A1 enzymes, such as rifampicin, anticonvulsants,
carbamazepine, phenytoin, and St. John’s wort. This is an aspect
that should be considered in TB-co-infection. Some of these

6-Monthly

a )

" ot = B

\ _J

1x927 mgsc

CYP3A4 inducers are antiretrovirals, for example, efavirenz,
nevirapine, and etravirine, as well as tipranavir/ritonavir.’”® These
drugs reduce the pharmacokinetic exposure of lenacapavir
when used simultaneously; therefore, they are contraindicated.
Additionally, caution should be practiced when starting
lenacapavir after stopping these strong inducers, as their effects
can last for weeks, and an interval of four weeks is recommended
before initiating lenacapavir.'®

Role of a pharmacist

Pharmacists can play an essential role in promoting the safe,
effective, and rational use of lenacapavir in both HIV treatment
and prevention settings. These include assessing patient
eligibility by reviewing HIV status, patient resistance profiles, and
concomitant use of other medications to minimise potential drug-
drug interactions, particularly due to lenacapavir’s involvement
with CYP450 enzymes.>?® Pharmacists are also responsible for
monitoring adverse drug reactions, with particular attention
to injection site reactions, such as pain, swelling, and erythema
associated with the long-acting formulation. In addition,
pharmacists provide essential patienteducation ontheimportance
of maintaining the six-month dosing schedule, as delayed or
missed doses may compromise therapeutic effectiveness.

From a stewardship perspective, pharmacists promote the
rational use of lenacapavir to minimise the risk of resistance
development and ensure alignment with current HIV treatment
and prevention guidelines.’” Furthermore, pharmacists contribute
to pharmacoeconomic decision-making by evaluating the cost-
effectiveness oflong-acting therapies compared with conventional
daily regimens, which is especially relevant in settings with limited
resources. Through these roles, pharmacists support improved
clinical outcomes, enhance adherence, and strengthen public
health efforts aimed at reducing HIV transmission.
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Conclusion

Lenacapavir marks an important advancement in HIV care by
addressing some of the key issues and difficulties associated
with traditional antiretroviral therapy. Its unique capsid inhibitor
mechanism and long-acting formulation offer a more convenient
option for HIV prevention and treatment for patients, particularly
those with multidrug-resistant HIV-1 or difficulty maintaining
daily adherence. However, lenacapavir is not a cure for HIV, but
it controls viral replication and reduces the risk of progression
to AIDS. For PrEP, lenacapavir should be used in addition to
comprehensive HIV prevention strategies, including regular
testing and safe sex practices. While lenacapavir is generally well
tolerated, with mostly mild injection site reactions, attention must
still be paid to possible drug interactions and the risk of resistance
if drug levels are not adequately maintained. Pharmacists play a
vital role in supporting its safe and effective use through patient
counselling, monitoring, and promoting adherence. Overall,
lenacapavir provides a promising and practical alternative that
could improve patient outcomes and strengthen ongoing efforts
to control the HIV epidemic.

ORCID

KP Selomo (2} https://orcid.org/0009-0008-7708-9644
NM Moloto (! https://orcid.org/0009-0003-3984-2387
MJ Luvhimbi (=} https://orcid.org/0009-0009-1244-8068
E Bronkhorst (2} https://orcid/org/0000-0002-6872-5417
References

1. Jacobson K, Ogbuagu O. Integrase inhibitor-based regimens result in more rapid virologic
suppression rates among treatment-naive human immunodeficiency virus-infected pa-
tients compared to non-nucleoside and protease inhibitor-based regimens in a real-world
clinical setting: A retrospective cohort study. Medicine. 2018;97(43):e13016. https://doi.
0org/10.1097/MD.0000000000013016.

2. Swinkels HM, Nguyen AD, Samandari T, Gulick PG. HIV and AIDS. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2026. Available from: https://www.ncbi.nlm.nih.
gov/books/NBK534860/. Accessed 19 March 2026.

3. Scarsi KK, Swindells S. The promise of improved adherence with long-acting antiretroviral
therapy: What are the data? J Int Assoc Provid AIDS Care. 2021;20:23259582211009011.
https://doi.org/10.1177/23259582211009011.

4. Fanjul F, Gavalda M, Campins A, et al. HIV therapy: The latest developments in antiviral
drugs - a scoping review. Biomedicines. 2025;13(11):2629. https://doi.org/10.3390/bio-
medicines13112629.

5. Goswami S, Veeramachaneni S, Masurkar PP. Lenacapavir for HIV PrEP: Narrative review of
clinical trials and implications for patient access. Curr Treat Options Infect Dis. 2025;17:5.
https://doi.org/10.1007/s40506-024-00281-2.

6. Link JO, Rhee MS, Tse WC, et al. Clinical targeting of HIV capsid protein with a long-acting
small molecule. Nature. 2020;584(7822):614-8. https://doi.org/10.1038/s41586-020-2443-

20.

21.

22.

23.

24,

25.

26.

1.

Demirdjian S, Naik V, Margot N, Falkard B, Callebaut C. Phenotypic characterisation of rep-
lication-impaired lenacapavir-resistant HIV clinical isolates. J Med Virol. 2025;97(4):e70340.
https://doi.org/10.1002/jmv.70340.

Ogbuagu O, Molina JM, Chetchotisakd P, et al. Efficacy and safety of long-acting sub-
cutaneous lenacapavir in heavily treatment-experienced people with multidrug-re-
sistant HIV-1: Week 104 results of a phase 2/3 trial. Clin Infect Dis. 2025;80(3):566-74.
https://doi.org/10.1093/cid/ciae423.

Miteu GD. Lenacapavir and global HIV prevention: A breakthrough at risk of leav-
ing millions behind. Ann Med Surg. 2026;88(3):2462-6. https://doi.org/10.1097/
MS9.0000000000004783.

World Health Organization. Guidelines on lenacapavir for HIV prevention and test-
ing strategies for long-acting injectable pre-exposure prophylaxis [Internet Who.int.].
World Health Organization; 2025. Available from: https://www.who.int/publications/i/
item/9789240111608. Accessed 20 March 2026.

South African Health Products Regulatory Authority. SAHPRA Registers Lenacapavir. In
News & Updates, Press Releases; 2025.

Ma C, Chang J, Yu B. Sunlenca® (lenacapavir): A first-in-class, long-acting HIV-1 capsid in-
hibitor. Acta Pharm Sin B. 2024;14(12):5512-4. https://doi.org/10.1016/j.apsb.2024.08.009.
Canales E, Tse W, Schroeder SD, et al. Discovery of lenacapavir: First-in-class twice-
yearly capsid inhibitor for HIV-1 treatment and pre-exposure prophylaxis. J Med Chem.
2025;68(20):21072-94. https://doi.org/10.1021/acs jmedchem.5c01625.

McKellar MS. Lenacapavir: A first-in-class capsid inhibitor for HIV treatment and prevention.
Curr Opin Infect Dis. 2025;38(3):208-13. https://doi.org/10.1097/QC0.0000000000001113.
Huang S-W, Briganti L, Annamalai AS, et al. The primary mechanism for highly potent inhi-
bition of HIV-1 maturation by lenacapavir. PLoS Pathogens. 2025;21(1):e1012862. https://
doi.org/10.1371/journal.ppat.1012862.

Hitchcock AM, Kufel WD, Dwyer KAM, Sidman EF. Lenacapavir: A novel injectable HIV-1
capsid inhibitor. Int J Antimicrob Agents. 2024;639(1). https://doi.org/10.1016/j.ijantimi-
cag.2023.107009.

De Clercq E, Zhang Y, Li G, et al. Lenacapavir: A capsid inhibitor for HIV-1 treatment
and prevention. Biochem Pharmacol. 2025;240:117125. https://doi.org/10.1016/j.
bcp.2025.117125.

Di Perri G. Pharmacological outlook of lenacapavir: A novel first-in-class long-acting HIV-1
capsid inhibitor. Infez Med. 2023;31(4):495. https://doi.org/10.53854/liim-3104-8.
Drugs.com. Lenacapavir: Uses, dosage, side effects, warnings - drugs.com; 2026. Available
from: https://www.drugs.com/lenacapavirhtml.

Patel RR, Hoover KW, Lale A, et al. Clinical recommendation for the use of injectable len-
acapavir as HIV preexposure prophylaxis - United States. MMWR Morb Mortal Wkly Rep.
2025;74:541-9. https://doi.org/10.15585/mmwr.mm7435a1.

Segal-Maurer S, DeJesus E, Stellbrink HJ, et al. Capsid inhibition with lenacapavir in
multidrug-resistant HIV-1 infection. N Engl J Med. 2022;386(19):1793-803. https://doi.
0rg/10.1056/NEJMoa2115542.

Hadia R, Patidar S, Kardani S, et al. A comprehensive review of the safety and efficacy of len-
acapavir in the treatment of human immunodeficiency virus. J Young Pharm. 2024;16(1).
https://doi.org/10.5530/jyp.2024.16.1.

Fonner V, Louis Charles K, Lee MT, et al. Web Annex B: Safety and efficacy of long-acting
injectable lenacapavir as pre-exposure prophylaxis to reduce the risk of HIV acquisition: A
systematic review. In: Guidelines on lenacapavir for HIV prevention and testing strategies
for long-acting injectable pre-exposure prophylaxis (PrEP). Geneva: World Health Organi-
zation; 2025. https://doi.org/10.2471/B09477.

Margot N, Vanderveen L, Naik V, et al. Phenotypic resistance to lenacapavir and monother-
apy efficacy in a proof-of-concept clinical study. J Antimicrob Chem. 2022;77(4):989-95.
https://doi.org/10.1093/jac/dkab503.

Koren DE, Chahine EB, Sherman EM. Lenacapavir: A twice-yearly injectable for
HIV pre-exposure prophylaxis. Ann Pharmacother. 2026;60(3):276-86. https://doi.
0org/10.1177/10600280251379877.

Marzolini C, Gibbons S, Seddon D, Khoo S. Drug-drug interactions potential with the HIV-1
capsid inhibitor lenacapavir. Expert Opin Drug MetabToxicol. 2025;21(2):161-72. https:/
doi.org/10.1080/17425255.2024.2415295.

SAfrPharm J 2026 Vol 93 No 3


https://orcid.org/0009-0008-7708-9644
https://orcid.org/0009-0003-3984-2387
https://orcid.org/0009-0009-1244-8068
https://orcid/org/0000-0002-6872-5417
https://doi.org/10.1097/MD.0000000000013016
https://doi.org/10.1097/MD.0000000000013016
https://doi.org/10.1177/23259582211009011
https://doi.org/10.3390/biomedicines13112629
https://doi.org/10.3390/biomedicines13112629
https://doi.org/10.1007/s40506-024-00281-2
https://doi.org/10.1038/s41586-020-2443-1
https://doi.org/10.1038/s41586-020-2443-1
https://doi.org/10.1002/jmv.70340
https://doi.org/10.1093/cid/ciae423
https://doi.org/10.1097/MS9.0000000000004783
https://doi.org/10.1097/MS9.0000000000004783
https://doi.org/10.1016/j.apsb.2024.08.009
https://doi.org/10.1021/acs.jmedchem.5c01625
https://doi.org/10.1097/QCO.0000000000001113
https://doi.org/10.1371/journal.ppat.1012862
https://doi.org/10.1371/journal.ppat.1012862
https://doi.org/10.1016/j.ijantimicag.2023.107009
https://doi.org/10.1016/j.ijantimicag.2023.107009
https://doi.org/10.1016/j.bcp.2025.117125
https://doi.org/10.1016/j.bcp.2025.117125
https://doi.org/10.53854/liim-3104-8
https://doi.org/10.15585/mmwr.mm7435a1
https://doi.org/10.1056/NEJMoa2115542
https://doi.org/10.1056/NEJMoa2115542
https://doi.org/10.5530/jyp.2024.16.1
https://doi.org/10.2471/B09477
https://doi.org/10.1093/jac/dkab503
https://doi.org/10.1177/10600280251379877
https://doi.org/10.1177/10600280251379877
https://doi.org/10.1080/17425255.2024.2415295
https://doi.org/10.1080/17425255.2024.2415295

REVIEW

Dispersible tablets: a promising dosage form for the
administration of medicines to paediatric patients
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Abstract

The lack of age-appropriate paediatric formulations remains a significant challenge in children’s healthcare, resulting in decreased treatment
safety, efficacy, and adherence. Children require individualised medicines because their growth, body functions, and developmental stages
differ from those of adults. This review article focuses on the importance and challenges associated with designing paediatric dosage forms,
the dosage forms currently available for children, the ideal considerations for these forms, and how dispersible tablets (DTs) meet each
consideration, making DTs a promising option for children. Furthermore, the advantages and limitations of DTs are outlined, and the availability
of DTs for paediatrics on the South African market is being investigated. DTs have recently emerged as an up-and-coming option for children
as they combine the advantages of both liquid and solid formulations, offering accurate dosing, ease of administration, improved stability,
and greater patient acceptability. Their ability to disintegrate rapidly in a small volume of liquid makes them especially suitable for children
who have difficulty swallowing conventional tablets. By expanding the availability of DTs, both through local pharmaceutical development
and the importation of internationally approved formulations, therapeutic outcomes in paediatrics can be improved by promoting safer and

more effective paediatric medication use.
Keywords: dispersible tablets, paediatrics, safety, dosage forms
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Introduction

The development of paediatric-specific dosage forms is essential
to promote medication adherence and achieve predictable
pharmacological responses in children. It is important to provide
formulations that are easy to administer, palatable, and flexible
in dosing to improve compliance and therapeutic outcomes.'
In recent years, the focus has shifted toward innovative oral
dosage forms that address the paediatric-specific dosage form
requirements, with dispersible tablets (DTs) emerging as a
particularly promising option.?

Concerns about the availability of age-appropriate
paediatric dosage forms

The lack of age-appropriate paediatric formulations remains an
international concern for the safe and effective administration
of medicine to this vulnerable patient group.® The persistent
gap in evidence to guide the design of age-appropriate dosage
forms has significantly slowed progress in paediatric formulation
development.* Limited data are available on the acceptability of
variousdosageformsforchildren,includingadministration volume,
dosage form size, smell and taste, and the safety of excipients in
relation to age and developmental status.® In the past, treatment
for children often relied on the off-label use of adult medications,
prepared through extemporaneous compounding by pharmacists
and caregivers. However, numerous concerns have been raised
about this practice, as it may pose risks to quality, safety, and
efficacy for the vulnerable paediatric population.>* Furthermore,
individual compounding and manipulation of medicines may be

https://doi.org/10.36303/SAPJ.4041

costly and time-consuming,® and many errors have been reported
in the preparation of such medicines.® Reliance on compounding
practices has increased as literature highlights numerous
shortages in access to registered formulations in appropriate
sizes and strengths for paediatric patients.””'? Factors contributing
to these shortages include supply chain disruptions and limited
interest in the production of paediatric-specific dosage forms by
pharmaceutical manufacturers.’

Between January and March 2023, the European Confederation of
Primary Care Paediatricians (ECPCP) conducted a survey to evaluate
the availability of essential paediatric medicines. The survey
recorded the responses of 640 paediatricians from 18 European
countries. The survey highlighted shortages in paediatric-friendly
formulations of commonly prescribed medicines. Due to these
shortages, paediatricians in the survey were forced to use less
appropriate alternatives, such as tablets and capsules designed
for adult use. The results of this survey highlighted the urgent
need for coordinated actions at multiple levels to address the
shortage of essential paediatric medications.” The development
of age-appropriate formulations that promote safe and effective
administration and ensure adequate adherence remains a critical
objective for health authorities and paediatric researchers.'*'®

The number of formulations currently available for paediatric
patients represents only a small fraction of the diverse range of
treatments needed to effectively meet children’s healthcare needs.
TheWorld Health Organization (WHO) reported that approximately
10% of medicines prescribed and used for children are either off-
label or unlicensed, indicating the need for paediatric-appropriate
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medicines.! According to Kaushal et al.,'” approximately 7.5 million
preventable medication errors occur annually among paediatric
patients in the United States, with an estimated 14-31% of these
errors resulting in serious harm or death.'®

From a formulation perspective, in order to promote medicine
adherence and acceptability, it is crucial for paediatric patients
to have access to authorised and age-appropriate dosage
forms.® The WHO highlighted the fact that “children are not little
adults” In 2007, the WHO initiated the “Make Medicines Child
Size” (MMCS) campaign, encouraging countries to prioritise the
procurement of medicines formulated in strengths suitable for the
specific age or weight of children.? Thirteen years later, the global
ecosystem for paediatric medicines was still underdeveloped and
contributing to sluggish development of paediatric medicines.
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30 days-12 months
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0-27 days

— —— — — gt
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In 2020, the WHO and founding members established the Global
Accelerator for Paediatric Formulations (GAP-f) hosted network,
in response to the World Health Assembly mandate to promote
access to safe, effective and affordable medicines for children.”!
Despite the rapid pace of scientific and medical advances, in 2025
the WHO continued to express concern that the development
of paediatric medicines remains behind. In an attempt to
address this, GAP-f decided to roll out the 2025-2030 strategic
roadmap, “Transforming the paediatric medicines ecosystem,’
with the mission of fostering collaboration among stakeholders
to accelerate the research and development of medicines for
children.?2 Other examples of internationally launched initiatives
and legislation to promote access to paediatric medicines include
the Paediatric Investigational Plans (PIP) in Europe and the Best

Late childhood
6 years—11 Years

w

Adolescent
12 years-17 Years

O

Figure 1: Different classes of the paediatric population. This figure is created based on the Munich Age Classification System (MACS)*

Table I: Challenges in developing paediatric-friendly formulations®

Challenges

Impact of growth and development on API
ADME"

» Continuous physical and developmental changes during infancy and childhood
« Progressive organ maturation occurring at various rates

» Variations in body weight and surface area

- Differences in pharmacokinetic and pharmacodynamic responses to substances
«+ Adverse reactions varying with age

+ Disease may present differently in children when compared to adults

Registration of novel paediatric formulations
populations

« Bioequivalence studies are usually performed in adult populations and extrapolated to paediatric

+ Regulatory and ethical challenges
« Slow progress in the development of child-friendly dosage forms

Excipient safety and acceptability
Palatability and taste masking

+ Increased toxicity and safety risks in preterm, term newborns, and infants younger than 6 months

« Unpleasant medicine taste is one of the main causes of treatment failure in children. Paediatrics often

rejects bitter taste and prefers sweet taste

« Inefficiency of sweeteners

Administration flexibility « Lack of flexible solid oral dosage forms for the paediatric population

Tablet size

- Difficulties in swallowing large tablets or capsules

« High dosage formulations limiting the ability to reduce tablet size

+ Individualised dosing
Onset of action and emergency situations

Sustainability and economics

» Formulations having a long onset of action in emergency situations

« Limited access to water, poor hygiene, heat, and high humidity in LMICs™

» Potential risks during transportation

+ Improper use of medicines can contribute to drug resistance, extended hospital stays, and increased
demand for healthcare resources.

* API ADME - Active pharmaceutical ingredient absorption, distribution, metabolism, and elimination

** Low- and middle-income countries
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Pharmaceuticals for Children Act (BPCA) in the United States of
America.?>?*

In contrast to adults, where conventional dosage forms are
generally highly accepted and tolerated, the acceptability of
dosage forms in paediatric patients is more complex and depends
on patient-specific characteristics such as age, competency, and
developmental stage.! Thus, paediatric-specific formulations
benefit children by providing safe and individualised medications.?

As illustrated in Figure 1, the paediatric population is a diverse
group, ranging from neonates to adolescents.”® These groups
have significant physical and developmental differences in terms
of pharmacokinetics and pharmacodynamics.?® Developing a
single formulation suitable for all paediatric age groups remains
a significant challenge. As for adults, the guiding principle for
selecting paediatric dosage forms should be the balance of risks
and benefits, while taking into consideration the specific needs of
this vulnerable population.”

Table | summarises the challenges that play a key role in the
development of paediatric-friendly formulations. Addressing
these challenges is essential to ensure the safety, efficacy, and
acceptability of medicines intended for paediatric use.

Dosage forms currently available for paediatrics

Among all available administration routes, the oral route remains
the most preferred as it allows painless administration and
requires no specialised training.>?%%%% |n paediatric patients, the
dosage forms commonly used for oral administration include
solutions, syrups, suspensions, powders, granules, effervescent
tablets, orodispersible tablets (ODTs), chewable tablets, mini-
tablets, conventional immediate-release and modified-release
tablets, and capsules.’

Although liquid dosage forms are commonly used in children,
they have several disadvantages as they often contain excipients
such as preservatives to ensure microbial stability or co-solvents
to increase active pharmaceutical ingredient (API) solubility,
which may be harmful in paediatrics. Additionally, when
compared to solid dosage forms, liquid formulations tend to be
more expensive.® In contrast, solid dosage forms offer long-term
stability, accurate dosing, ease of transport and handling, and
generally more cost-effective manufacturing, making them the
formulation of choice within the pharmaceutical industry."'#1
Unfortunately, despite their advantages, traditional solid oral
dosage forms are typically not preferred in younger paediatric
patients due to increased risk of choking and aspiration.’%*
Additionally, unlike liquid dosage forms, traditional solid dosage
forms lack dosing flexibility because they are available in fixed
strengths and cannot be easily adjusted to provide a smaller, more
precise dose.>? Although splitting or breaking tablets is common, it
does not always ensure accurate and consistent dosing.® This is a
significant drawback, as paediatric patients require individualised
dosing, often based on age and/or weight.

The mentioned challenges can be addressed by tailoring dosage
forms specifically for the paediatric population.3* DTs and mini-
tablets are currently emerging as promising alternatives to
traditional solid oral dosage forms, offering easier administration
and ingestion by younger paediatric patients.?

Paediatric-specific dosage form considerations

When designing anideal dosage form, itis crucial to select the most
suitable route of administration to ensure sufficient bioavailability
and enable the API to achieve its intended therapeutic effect.
Furthermore, the medicine should be designed to improve patient
compliance by offering the least invasive route, minimising dosing
frequency, and providing a simplified dosing regimen.?* An ideal
dosage form, whether for children or adults, would also be one
that does not require special storage conditions, complies with
regulatory quality standards, exhibits minimal side effects, is easy
to administer, and can be manufactured cost-effectively. The oral
route best meets the aforementioned criteria.®®

Patient-related factors, including age-specific preferences (i.e.,
colour, appearance, smell, texture, taste, and swallowability
of the medicine), as well as disease states and disabilities,
should be considered when designing paediatric dosage forms.
Furthermore, factors related to the children’s guardians should
also be considered, as the success of administering the medicine
is as important as the medicine’s quality and suitability. Guardian-
related factors include ease and convenience of administration,
dose flexibility, and the ability for the child to have the medicines
administered at school if needed."

Dispersible tablets as a promising dosage form for
paediatric patients

Dispersible tablets - a flexible solid oral dosage form

Current research on paediatric formulation development mainly
focuses on solid oral dosage forms that are easily swallowed by
children.'*'> The WHO recommends that flexible solid oral dosage
forms should be developed and used in paediatric patients.'s¢
Flexible solid oral dosage forms are defined as a solid dosage
form that can be administered to patients in more than one
manner (i.e., may be dispersed or taken orally as a whole).3%%
Flexible solid oral dosage forms include ODTs, chewable tablets,
and soluble or DTs."* Flexible solid oral dosage forms help to
overcome swallowing difficulties faced by paediatric patients, as
they are formulated to disintegrate either in the mouth or in an
external liquid (such as water or breast milk) prior to swallowing.>”
Additionally, these dosage forms offer the combined advantages
of both conventional liquid and solid formulations.®

DTs are emerging as a suitable dosage form for administering
medicine to paediatric patients. The British Pharmacopoeia (BP)
defines DTs as “Uncoated or film-coated tablets intended to be
dispersed in water before administration, giving a homogeneous
dispersion.”* A dispersible tablet is typically dispersed in about
5-15 mL of water before administration.>' This low dispersion
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volume makes it ideal for administration to younger paediatric
patients.' DTs can thus be regarded as amodelflexible dosage form,
since they are produced and stored in the solid state, with only a
single dose converted into a liquid at the time of administration.
This improves chemical stability by keeping the remaining doses
in solid form until required, offering the combined benefits of
both solid and liquid formulations.

Dispersible tablets - ticking all the right boxes

Table Il outlines the ideal considerations for paediatric dosage
forms and demonstrates how DTs meet these requirements,
making DTs one of the most suitable dosage forms for paediatric
patients. Further details on specific considerations have been
supplied to clarify or enhance the content of Table II.

The safety profile of the excipients used in the manufacturing of
DTs differs from that of the excipients used in other paediatric
dosage forms in terms of the type, number and functions of
excipients required. Typical excipient classes included in DT
formulations include diluents, disintegrants, binders, lubricants,
and sweeteners/flavourants. These excipients are usually present

in relatively low quantities when compared to those excipients
used in liquid formulations (i.e., solvents, cosolvents, preservatives,
sweeteners/flavourants, colouring agents, viscosity modifiers,
buffers, surfactants and antioxidants). Concern has been raised
with the use of common cosolvents (i.e., ethanol and propylene
glycol), that resulted in acute life-threatening intoxication or
cardiovascular, respiratory side effects, and hepatic toxicity in
newborns and infants.>® In formulating DTs, the potential exposure
to these hazardous cosolvents is avoided, thus contributing to
a safer dosage form for paediatric patients. The use of certain
bactericidal preservatives in liquid oral formulations, such as
benzalkonium chloride, has raised concern because they have
been linked to paradoxical bronchospasm in asthmatic children.”’
During the manufacturing of DTs, the inclusion of preservatives is
not necessary, thereby reducing children’s risk of exposure.

The excipients used in effervescent tablets are generally acceptable
in adult formulations; however, they may be unsuitable for use
in young children.’? The use of effervescent tablets in paediatric
patients — especially premature babies or low-birth-weight infants
- is not recommended, as they often contain high concentrations

Table II: Ideal considerations for paediatric dosage forms,"'*4 and how DTs comply with these considerations

How DTs comply with each consideration

Accurate and convenient dose
measurement

Convenient, easy, and reliable
administration

Safe and well-tolerated excipients are
included in the formulation

Reduced number of excipients is
included

Organoleptic acceptability of the
medicine to the paediatric patient

DTs have the potential to be a‘One
dosage form fit for all’ dosage form

The dosage form is manufactured using
simplified manufacturing processes

The final product should exhibit suitable
physical, chemical and microbiological
stability

DTs offer advantages such as accurate dosing.?? DTs need to comply with the pharmacopoeial requirements of
uniformity of dosage units, which promotes dose accuracy and uniformity.*' However, they are typically available in
fixed-strength formulations, which limits dosage flexibility and poses challenges for individualised dosing.>?

DTs may be swallowed as whole units, which is commonly preferred by paediatric patients older than six years.
Furthermore, it is suitable for patients who experience difficulty swallowing conventional tablets (patients younger
than 3 years),* and it can be prepared by caregivers (disintegrating within 3 minutes) without the need for
specialised equipment or training.?

The safety profile of excipients used in DTs differs from that of other paediatric dosage forms due to differences in
the types, quantities, and functions of the required excipients. DT excipients are generally used in smaller amounts
compared to the wide range of excipients used in liquid oral formulations. Furthermore, the excipients used in the
manufacturing of DTs are widely used in solid oral dosage forms, and extensive toxicological data supporting their
safety are available. The manufacturing of DTs offers an ideal opportunity to exclude high-risk excipients, such as
co-solvents, preservatives, surfactants, and other additives, which have been associated with serious toxicity and
adverse side-effects in newborns and infants.

Only excipients proven safe at the intended paediatric exposure are accepted by regulatory agencies for inclusion in
DTs."

Unlike liquid formulations, which may contain numerous excipients to enhance the API solubility or maintain
microbial stability, solid dosage forms such as DTs do not require these additional excipients, making them a safer
option for paediatric use.*

Using multifunctional and co-processed excipients in the manufacturing of DTs may simplify formulation, improve
manufacturability and enhance product performance and acceptability.

Small quantities of flavourings and sweeteners may be incorporated to improve the organoleptic acceptability of
DTs by paediatric patients.** Other taste-masking technologies, such as ion-exchange resins* and coating of API
particles* may also be utilised in dispersible tablet formulations to mask the taste of bitter-tasting APIs.

Proper dispersion of DTs promotes the formation of a uniform suspension that has a smooth mouth feel without any
gritty particles.*

As mentioned, DTs are typically available in fixed-strength doses, which limit dosage flexibility and, in turn,
individualised dosing adjustments.*? Therefore, for individualised dosing, a DT (if suitably formulated) could
potentially be dispersed in a known volume of liquid, and the required dose is administered by only administering a
proportional volume of the dispersion to the patient.

Conventional manufacturing methods such as direct compression, dry granulation, and wet granulation have all
been used to manufacture DTs, supporting scalability and cost reduction.' DTs may also be manufactured using
more advanced manufacturing processes (i.e., lyophilisation, tablet moulding, spray drying, 3D-printing, etc.) to
accommodate APIs with varying physicochemical properties (refer to versatility in the selection of manufacturing
processes suitable for DTs).

DTs are formulated in solid form and, therefore, present with greater physical, chemical and microbiological stability
than liquid formulations,*” thus presenting with longer shelf life*® and reduced cold-chain dependence.”
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of sodium, which cannot be effectively cleared from their bodies
due to theirimmature hepatic and renal systems.>

In recent years, several databases and initiatives have been
established to support the selection of suitable and safe excipients
for use in the manufacture of paediatric dosage forms. Some
of these databases and initiatives include ACToR (Aggregated
Computational Toxicology Resource),** STEP (Safety and Toxicity
of Excipients for Paediatrics), PERA tool (Paediatric Excipient Risk
Assessment Tool)** and EuPF| (European Paediatric Formulation
Initiative).>® Excipient selection in paediatric formulations should
be guided by safety considerations, regulatory requirements/
recommendations, and the need to minimise exposure to
excipients associated with potential side effects. These tools can
support the selection of the most suitable excipients for a risk-
based formulation of paediatric-friendly DTs.

A reduced excipient load can be achieved by employing
multifunctional excipients that serve more than one function
within the formulation. This reduced burden may not only
decrease the number of excipients needed in the formulation
but also simplify the manufacturing process. A classic example of
a multifunctional excipient is mannitol, which is frequently used
in DT formulation as a water-soluble diluent which also enhances
patient acceptability due to its mild sweetness and cooling
mouthfeel. Microcrystalline cellulose is another example used as
a filler with binding, lubricating and disintegrating properties.>
Using multifunctional excipients has the added benefit of
reducing unnecessary excipient exposure in paediatric patients.

The application of co-processed excipients (i.e, a combination
of two or more excipients prepared by spray-drying, co-
crystallisation or wet granulation) for the manufacturing of
directly compressible DTs benefits not only the patient (due
to improved organoleptic qualities and enhanced palatability)
but also presents with manufacturing benefits such as reduced
manufacturing  processes, reduction in processing and
manufacturing time, improved batch-to-batch reproducibility,
and reduced excipient variability.>”° The ability of various co-
processed excipients to improve manufacturability and patient
acceptability of DTs has been investigated and reported in the
available literature.®* Unlike liquid oral dosage forms, solid oral
dosage forms are not susceptible to the physical instabilities
associated with liquids, such as crystallisation or precipitation of
the API, sedimentation, phase separation, and solvent-mediated
polymorphic transformation.®®¢2 As a solid dosage form, DTs may
exhibit greater chemical stability than liquid dosage forms due
to the absence of an aqueous medium, which can facilitate API
hydrolysis.® Liquid oral dosage forms are also more prone to
microbiological instability as aqueous vehicles provide an ideal
environment for the growth of yeasts, moulds and microbes.*

Moreover, DTs offer an additional advantage in that they can be
administered via the nose using a nasogastric tube. Nasogastric
administration is especially useful for patients requiring assisted
feeding, such as neonates and infants, as well as critically ill

patients. Examples of commercially available DTs which can be
administered through a nasogastric tube include Finlee 10 mg
DT,% Brilique 90 mg ODT, and Spritam®.5”

In the WHO guideline “Points to consider in the formulation of
paediatric medicines,’ the WHO urges the development of flexible
dosage forms for children, referring to DTs as a suitable example

Advantages and limitations of dispersible tablets

The use of DTs in paediatric patients offers promising and unique

benefits:

« They are particularly appropriate for patients with swallowing
difficulties, like neonates and infants.

« The rapid disintegration facilitates the dissolution and
absorption of the API, leading to a quick onset of therapeutic
effect.

- DTs offer advantages over chewable tablets since they can be
useful for children who have lost their primary teeth but do not
yet have all their permanent teeth.

« DTs reduce the risk of asphyxiation associated with oral
administration of traditional formulations, offering greater
safety, especially in paediatric patients.

« DTs offer greater convenience and transportability compared
to liquid preparations because they do not require any
refrigeration, unlike some liquid formulations.

+ As a solid dosage form, it exhibits enhanced chemical stability
compared to liquid preparations.

- Traditional solid oral dosage form manufacturing processes can
be employed, thereby lowering the associated production costs.

However, DTs may also have some limitations:

« DTs for suspension/solutions tend to have hygroscopic qualities
and may therefore require specialised packaging to provide
additional moisture protection, ensuring product integrity.

« DTs may have a higher friability and lower hardness than
traditional tablets, making them fragile and difficult to handle,
often requiring special packaging in peel-back blisters. However,
increased mechanical strength usually prolongs disintegration
time, so it is important to find a suitable balance between these
factors.

« APIs with an unpleasant taste should undergo effective taste
masking to prevent the API's taste from remaining in the oral
cavity.

« DTs require water for administration.

« DTs are formulated as a fixed-dose dosage form, presenting
with limited dosing flexibility.3'97°

Versatility in the selection of manufacturing processes
suitable for dispersible tablets

Conventional (and cost-effective) manufacturing methods such
as direct compression, dry granulation, and wet granulation have
all been employed in the past in the production of DTs.3' These
techniques are widely used due to their scalability, regulatory
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Table IlI: Example of manufacturing processes that may be employed to produce DTs and the scenarios in which they are most suitable

Manufacturing process Scenarios when the manufacturing process is most suitable

Direct compression + APl is sensitive to heat and moisture”
+ APl-excipient blend exhibits good flow and compressibility properties’
+ APl does not exhibit pressure-sensitive polymorphic transitions’

+ Formulation requires a low dose loading per unit, as most APIs exhibit poor compressibility and flowability, necessitating
the addition of excipients to address these issues’®

Dry granulation APl is sensitive to moisture (i.e., susceptible to hydrolysis) or heat”
« Non-granulated API-excipient blend exhibits poor flow properties’””
+ APl does not exhibit pressure-sensitive polymorphic transitions’

Wet granulation + API does not exhibit moisture or heat sensitivity”®
+ Non-granulated API-excipient blend exhibits poor flow or compressibility properties’
» When content uniformity is required for low-dose (i.e. potent) APIs”
+ API does not exhibit moisture, heat or pressure-sensitive polymorphic transitions®
» Formulation requires a high dose loading per unit®

Lyophilisation (Freeze-drying) + When the API is extremely sensitive to heat or moisture® and also when rapid disintegration of the DT is required®
+ Formulation requires a low dose loading per unit (< 60 mg)>*'
« Lyophilisation allows for the inclusion of APl presented as nanoparticles in tablets. This process keeps the nanoparticles
intact, controlling API release, whereas compression results in breakage of the nanoparticles®

+ The freeze-drying process can convert crystals of poorly water-soluble API into an amorphous form with smaller particles,
leading to enhanced solubility and dissolution performance®®

Tablet moulding + Formulations which require high porosity and quick dispersion®®
+ APl is water-soluble and not sensitive to heat®”

Spray drying «+ Formulations where the API has poor aqueous solubility®®
+ Suitable where rapid tablet disintegration is required

Sublimation » Removal of volatile substances to create a porous tablet structure®
APl is compatible with volatile subliming agents such as camphor and menthol*®
« Suitable when rapid disintegration is required®

3D-printing « Personalised medicine or customised doses are required®’

+ When the API does not exhibit heat sensitivity, methods such as fused deposition modelling can be used, whereas heat-
sensitive APIs can be used in methods such as semi-solid extrusion®

familiarity, and suitability for industrial manufacturing. More
advanced manufacturing techniques, such as lyophilisation or
freeze-drying, tablet moulding, spray drying, and sublimation,
have also been utilised, enhancing the versatility of manufacturing
processes.?' These innovative methods enable the production of
highly porous structures and result in rapid disintegration.””

DTs can furthermore be manufactured using emerging
technologies such as 3D-printing. This approach allows precise
control over tablet design and flexible dose adjustments. As a
result, this method enables the manufacture of personalised
or customised dosage forms tailored to the needs of individual
paediatric patients.’? Table Il summarises examples of
manufacturing processes that may be used in the production of
DTs and the scenarios in which each process is most suitable.

Availability of dispersible tablets for paediatric use

The table below offers an overview of various DT formulations
currently available in South Africa for paediatric use. This
underscores the increasing availability of DT formulations for
commonly used APls in paediatric patients. By displaying the
range of APIs formulated as DTs, the table also highlights the
growing recognition by manufacturers and regulatory authorities
of the importance of developing age-appropriate medicines for
the paediatric population.

As shown in Table IV, commercially available paediatric DTs in
South Africa include APIs from the following therapeutic classes:
antiretroviral (ARV) agents, antivirals, antihistamines, ammonia-
detoxicants, iron chelators, non-steroidal anti-inflammatory drugs
(NSAIDs), antiemetics, antidiarrheal agents, antitubercular agents,
and antipsychotics. However, globally, paediatric DTs are available
for APIs in the following therapeutic classes: antibiotics,**
analgesics,®* leukotriene receptor antagonist (LTRA),”” proton
pump inhibitor (PPI),°® mineral supplement,®'% antimalarial,'°1%
NSAID,'%1% antiemetic,'® anti-histamines.'”” To address the
current therapeutic gaps in paediatric DT availability in South
Africa, importing suitable and approved DTs from international
markets could be a practical short-term solution. In the longer
term, these gaps should encourage the local pharmaceutical
industry to invest in developing and registering new paediatric
DT formulations, ensuring a wider range of safe and accessible
treatment options for children.

Condusion

DTs are an innovative advancement in the use of solid oral
dosage forms. The greater patient compliance that DTs offer over
conventional dosage forms, together with their convenience,
effectiveness, and rapid onset of action, has drawn the interest
of numerous manufacturers over the past decade. DTs are
considered a superior dosage form, and ongoing research and
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Table IV: DT formulations currently available on the South African market for paediatric use

API(s) Examples of registered products in SA Age of the intended
patient

Abacavir/Lamivudine

Acyclovir

Bilastine

Carglumic acid

Deferasirox

Diclofenac sodium

Dolutegravir

Dolutegravir as Dolutegravir Sodium
Domperidone

Loperamide Hydrochloride
Piroxicam

Rifampicin and isoniazid

Rifampicin, isoniazid, and pyrazinamide

Risperidone

Dumiva dispersible, Divudine 60/30 dispersible tablet and

Divudine 120/60 dispersible tablet
Acitab DT 200/ 400 / 800 DT
llaxten ODT

Carbaglu

Siroxtrin 125, 250 & 500, Exjade
Cataflam-D, Diclo-flam Blackcurrent
Ristegra dispersible tablets

Tivicay 5 mg

Motivom 10 ODT

Imodium® Melt

Rheugesic

Ripyso Paed, Afaris Paed
Co-Ripyso Paed 75/50/150
Ristabbs 0.5, 1 & 2, Zoxadon ODT

>3 months 108, 109
2 years and younger 110
> 6 years 111
From birth 112
> 2 years 113,114
> 14 years 115,116
> 4 weeks 117
> 4 weeks 118
> 12 years 119
> 6 years 120
> 12 years 121
> 28 days 122,123
> 28 days 124
> 15 years 125,126

local production efforts are essential to ensure broader access and

;. . . . 10.
affordability of these formulations to the paediatric population.
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Abstract

The ubiquity of polymers in everyday applications also translates into their applicability in the broadly defined fields of medical and
pharmaceutical sciences. Polymeric compounds find applications in ophthalmology, dentistry, orthopaedics, dermatology and plastic
surgery. It is important to emphasise that they are used internally (e.g., endoprostheses, biodegradable scaffolds) and externally (e.g., so-
called intelligent dressings, ointments, and creams). This publication presents basic polymers and their applications in pharmaceutical
sciences. Their applications are outlined, among others, in chemical laboratories involved in drug synthesis, as drug carriers, and packaging
production. Special attention is paid to the physico-chemical properties of polymers.

Keywords: polymer, application, pharmacy
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Introduction

Polymers are compounds of natural or synthetic origin that
contain repeating elements called monomers in their structure.!
We encounter them daily, for example, when using electronics,
travelling, or shopping.>* Polymers benefit from many medical
specialities (including ophthalmology, dentistry, orthopaedics,
surgery, and aesthetic medicine).>¢ However, it is essential
to emphasise the numerous applications of polymers in the
pharmaceutical sciences. Polymers are used in the production
of drug packaging and blisters, drug delivery systems, and as
components of equipment used to produce medications.””?
Polymers can be found in research laboratories, where they are
used in the form of personal protective equipment or plastic
equipment components, but also where their dielectric and
insulating properties, gas absorption, and pollutant adsorption
properties are utilised.’® This paper presents the usefulness
of specific polymers in the pharmaceutical sciences. Particular
emphasis was placed on the physicochemical properties that
determine specific polymer applications, such as chemical
resistance and surface properties. The article focuses primarily on
publications from 2015-2025.

Application of selected polymers
Polyvinyl chloride

Polyvinyl chloride (PVC) is obtained industrially from ethene
chloride (vinyl chloride). However, it should be emphasised that in
the case of this polymer, great emphasis is placed on the ecological
aspects of synthesis and biodegradation.™ Plasticisers can modify
physicochemical properties, which are currently divided into three
groups depending on the degree of substitution of the original
one used in the formulation process.” Such modifiable properties
include, for example, mechanical strength, tensile strength,
optical properties (e.g., in the case of ricinoleic acid derivatives),
and antibacterial properties (e.g., in the case of imidazole-based
ionic liquids).""”

https://doi.org/10.36303/SAPJ.3582

Duetoitsrelatively inexpensive production process, this polymeris
used to manufacture components that do not require sterilisation
after use, such as syringes and probe components.’® Additionally,
PVCis transparent, biocompatible, and chemically resistant. PVCis
also characterised by temperature stability up to approximately 60
°C. Pharmaceutical companies use PVC as mats, which are easy to
keep clean, making them suitable for cleanrooms.” Furthermore,
it is used to make cable channels or ion-selective half-cells used
in divergent machines, e.g., refractometers, pH meters, and
process-scale tangential flow filtration (TFF) systems.*?' Several
different PVC products that contain di-2-ethylhexyl phthalate
(DEHP) plasticiser are used in healthcare. Common products
include feeding tubes, tubes and catheters, as well as infusion
bags for nutrients or dialysis fluids.??% This polymer is also ideal
for producing disposable gloves and is an excellent alternative
for people with latex allergies. It is also worth noting that various
studies have been conducted on the safety of such gloves (e.g.,
drug permeation).?*? PVC can be found on pharmacy shelves in
blister packs (especially for antibiotics, as the grey blister pack
protects against light).*%

Polyacrylates and polyacrylamides

These compounds are typically obtained through the free-radical
polymerisation of acrylic acid derivatives. The polyacrylates are
characterised by high transparency and chemical resistance;
their flexibility depends on the monomer used. Polyacrylates are
resistant to atmospheric aging, and their good optical properties
are utilised in ophthalmology.> One representative of this group
of compounds is sodium polyacrylate, which, thanks to its ability
to absorb large amounts of water, is used in diaper absorbent
pads. The carboxyl groups on this polymer face outward, allowing
sodium ions to attract water and body fluids. This polymer also
protects electrical cables and optical fibres.??°

In the field of pharmaceutical sciences, the role of polyacrylamides
is noteworthy. These compounds are produced through free-
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radical polymerisation with appropriate amines and are used,
among others, as electrophoresis gels, as thickeners in cosmetics,
and in burn compresses.3®32

Above all, however, polyacrylamides are used in the production of
therapeutic systems where drug release occurs at a programmed
rate. Such systems ensure a constant drug concentration in the
body, translating into greater treatment efficacy than traditional
and long-acting forms. Transdermal polyacrylamides are used to
treat conditions such as angina pectoris, motion sickness, pain,
inflammation, hypertension, and nicotine addiction.*%* This
polymer, in the form of hydrogels, is also used in oral therapeutic
systems. 3637

Polyvinyl alcohol

A property of polyvinyl alcohol (PVA) used in pharmaceuticals
is its ability to form hydrogels.®® Many gelling agents exist, but
boron compounds are among the most popular.*® In addition to
the applications in ophthalmic drops and therapeutic dressings
discussed in previous publications, such hydrogels are also used
in therapeutic systems.***2 Drug release from a hydrogel can occur
in three possible ways:

a. diffusion (swelling leads to an increase in the spatial structure
and the drug diffuses; the swelling rate can be regulated by
changing pH or adding enzymes);

b. erosion (the polymer coating is destroyed, and the drug is
gradually released);

¢. leaching (the drug escapes the system through micropores; the
coating is not destroyed).*42

In the case of therapeutic systems, it is possible to manipulate their
properties: the drug can be released under various circumstances,
at a specific site, under the influence of temperature, radiation,
or chemical factors.** The strictly therapeutic consequences
include drug release at a particular site, prolonged action, and
elimination of toxic concentrations (which is of great importance,
for example, in cancer pharmacotherapy).**

Polytetrafluoroethylene

Polytetrafluoroethylene (PTFE) is typically produced by the free-
radical polymerisation of tetrafluoroethylene. It is characterised
by high chemical resistance and a high melting point.**“° These
properties determine not only its most common use in the
production of kitchenware (as a Teflon coating) but also its use as
an insulator in drug packaging, which can be highly sensitive to
atmospheric factors.®4

PTFE has been used in the production of medical dressings.
Its water resistance and air permeability provide a suitable
environment for wound healing. These dressings are used in the
treatment of, among other things, diabetic foot.>**'

Furthermore, PTFE has been used in the production of cosmetics
as a bulking agent and lubricant.>** It should also be emphasised
that the safety of this polymer is widely discussed in the
literature.>>7

Polylactide

This polymer is produced by single-step synthesis from lactic
acid (generally resulting in a product with inferior properties and
high mass) or by two-step synthesis: first, lactic acid is converted
to lactide, and then polycondensation is formed.® Polylactide
is characterised by low elasticity, stiffness, and brittleness.>*%
Furthermore, this polymer shrinks under the influence of heat and
is thermoplastic.®

In the pharmaceutical industry, polylactide is primarily used
in drug delivery systems. Numerous modifications, such as
pegylation, esterification (e.g., a cinnamic acid derivative), and
combination with other substances (e.g., hydroxyapatite) or other
polymers (e.g., glycolic acid), allow for the improvement of the
properties of such systems.s264

Polylactide formulations include hydrogels (e.g., curcumin),
micelles (e.g., anticancer drugs), and nanoparticles (e.g.,
antibiotics).®¢

Alginates

Alginates are natural polymers containing a 3-1,4-glycosidic bond
obtained from algae.®®

They have gained considerable popularity in the pharmacy market
as specialised dressings. Alginates can form gels and absorb
exudates. They are used as dressings to treat pressure ulcers and
infected wounds due to their ability to remove dead tissue.®7°

Furthermore, heartburn medications containing alginates can
be found on pharmacy shelves. The gel protects the stomach
walls from gastric acid, while the other ingredients neutralise
gastric contents. Their safety is confirmed because they are also
administered to newborns.”"7® Furthermore, alginates are used as
iron chelators due to their ability to form coordinate bonds. Their
chelating properties against heavy metals have also found several
other applications, such as wastewater treatment.”*"”

Another application of alginates in pharmaceutical sciences is as
a material for microencapsulation, or the creation of drug forms
enclosed in a special coating via in situ polymerisation. This form
of drug administration allows for increased stability of the drug
substance and its controlled release.”s””

Polysiloxanes

Polysiloxanes, compounds characterised by the presence of
silicon in their structure, exhibit low surface tension and non-
flammability.”7°

The first of these characteristics, low surface tension, has led to
this polymer being used in shampoos, creams, and conditioners,
including those recommended by dermatologists.®%2

In the form of the active ingredient (simeticone), this polymer can
be found in flatulence medications. It does not affect gastric pH
and has a protective effect.®*8
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Polysiloxanes exhibit regenerative properties in the form of skin
lotions 8586

Another application of polysiloxanes is coating various items, such
as tubes, where their anti-foaming properties are demonstrated.
They are used to create feeding tubes, catheters, and heart-lung
medical equipment for blood circulation.®”® They are also used
as implant coatings, nanoparticles (np.) among others, in the
production of bone implants or cochlear implants.®!

Polyurethanes

Polyurethanes as polymers have many applications, including
polyurethane adhesives and sponges.”

However, focusing on the medical and pharmaceutical potential,
it is important to emphasise:

a. the potential use of polyurethane resin in bleeding control®®

b. the creation of medical equipment94

c. its use in the production of dressings, where its biodegradability

and unidirectional gas flow are exploited, accelerating the
healing process.”>?

Polyurethanes are used as conjugates (e.g., with anticancer drugs)
to produce drug delivery systems.””?® These polymers are used as
nano- and microsystems, as well as membrane systems.*'% Using
such systems, anticancer therapies and the treatment of bacterial
infection become safer.’”!

Rubber

Natural rubber is obtained from the damaged tissues of rubber-
bearing plants. It belongs to the group of polyterpenoids, and
such a material can contain 35 000-320 000 isoprene units.'%?

Synthetic rubber, on the other hand, has been produced since the
beginning of the 20th century and is characterised by:

a. solubility in hydrocarbons (including chlorinated hydrocarbons)

b. divergent chemical modification potential due to the presence
of the C=C double bond, for example, hydrogenation,
halogenation (mainly chlorination), epoxidation, and
vulcanisation are possible

¢. resistance to water, acids, and bases

d. elasticity and extensibility

e. flammability

f. lack of resistance to abrasion, ozone, and atmospheric factors.'
Therefore, rubber has found wide application, ranging from the
rubber and clothing industries to the toy and sports industries.
From a broad pharmaceutical perspective, agglutination tests
are an interesting application besides their use in clothing and

footwear production. Latex microspheres targeted to a specific
substance or antigen are used in the detection of:

a. viruses (e.g.,, mumps)'%*
b. bacteria (e.g., tuberculosis, syphilis, cholera, plague)'®

¢. hormones (e.g., oestrogens)'%

d. narcotics (e.g., cocaine, morphine)'”

e. medications (e.g., barbiturates).'®

Furthermore, latex is used as a carrier for substances with limited
water solubility (e.g., anabolic steroids, hormonal compounds in
contraception),’® high toxicity (e.g., cyclophosphamide),' or in
the production of vaccines (for malaria, tetanus).'"'"

Polyglycolides

Polyglycolides are polymers of glycolic acid. Natural glycolic acid
is found in sugarcane, beetroot, and pineapple. Potential medical
applications include the production of resorbable surgical threads
and sutures, which utilise polyglycolides’ high extensibility and
easy passage through tissues (so-called passage). These properties
allow polyglycolides to produce dental floss for everyday use."*'1

Among the pharmaceutical applications of polyglycolides, drug
delivery systems are worth mentioning. High hydrolytic stability,
non-toxicity, and metabolism to neutral components (water,
carbon dioxide; urinary excretion) ensure the safety of such
therapeutic systems.'¢118

Very often, in the form of a copolymer with polylactide, such
systems produce vaccines."*'? Polyglycolide itself can be used in
the form of blends or microspheres.’?'-22

Conclusions

Theapplications of polymersinthe broadly defined pharmaceutical
sciences can be divided into two basic groups: strictly laboratory
applications and the broadly defined production of drugs,
vaccines, tests, and materials for pharmaceutical applications.

Polymers are used as components of medical devices, laboratory
equipment, and personal protective equipment for workers.

The second group of applications includes the production of drug
packaging, the use of polymers as carriers for active substances
and antigens, and their use as active substances (e.g., alginates).
The properties of polymers that translate into specific preparations
available on the pharmaceutical market include absorption (e.g.,
innovative dressings) and hydrophilic properties (e.g., eye drops,
gels).

When it comes to the synthesis of new polymers and their
exploration in pharmaceutical sciences, attention should be paid
to protecting the natural environment and minimising the amount
of waste generated (including PVC). In the field of pharmaceutical
sciences, polymers can be explored for:

a. their use in drug delivery systems, especially antibiotics
and anticancer drugs (e.g., polyacrylamides, polysiloxanes,
polyglycolides, polyurethanes)

b. their use as carriers in vaccines (e.g., polyglycolides)

¢. expanding the arsenal of available cross-linking agents (e.g.,
PVA)

d. their safety and thermoplasticity (e.g., PTFE, polylactide).
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However, their biocompatibility and biodegradability should
always be considered when synthesising new polymers with
potential applications in the pharmaceutical sciences.
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Abstract

Background: Ophthalmic drops are a widely used pharmaceutical form for the treatment of ocular conditions. However, patient knowledge
regarding the appropriate use and storage remains inconsistent and is often suboptimal. The aim was to determine the level of patient
knowledge and awareness related to the correct usage and storage of ophthalmic drops, through a literature review.

Methods: Relevant studies published after the year 2000 were selected for review based on the inclusion criteria, focusing on patient
knowledge and storage practices related to ophthalmic drops.

Results: Twenty-eight studies met the inclusion criteria, with an average sample size of 315 participants. Of these, fourteen studies involved
glaucoma patients, two studies included postoperative cataract patients, two studies comprised of patients with both glaucoma and ocular
hypertension, and ten studies involved patients with various ocular conditions that warranted the use of ophthalmic drops. To assess
instillation techniques, nine studies employed video recordings, ten used questionnaires, five incorporated both methods and four studies
were observational.

The results demonstrated that eyedrop administration remains a challenge among patients, resulting in bottle contact, inaccuracy and poor
hand hygiene. The provision of education significantly improved technique in short-term follow-ups with improvements noted in accuracy,
reduced contamination, and increased patient adherence. Poor eyedrop technique was noted in elderly patients, patients with low health
literacy and in patients undergoing long-term therapy. Forgetfulness, inattentiveness, limited prior instruction, as well as physical and visual
impairment were identified as attributers to correct eyedrop administration.

Conclusion: Patients lack knowledge and awareness on the use and storage of ophthalmic drops. Enhancing patient education is essential to

improve understanding and correct practices of ophthalmic drop administration.

Keywords: pharmaceutical, literature review, ophthalmic drops, usage, techniques, storage, therapeutic outcomes
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Introduction

Visual impairment remains a global health challenge, primarily
caused by conditions such as uncorrected refractive errors,
cataract, glaucoma, and diabetic retinopathy, among others.
Of these conditions, glaucoma, associated with irreversible
blindness, can be effectively managed when diagnosed early and
treated appropriately, with ophthalmic drops forming part of the
management strategy.?

Ophthalmic drops are sterile solutions or suspensions intended
for topical administration into the eye. These formulations contain
pharmacologically active agents such as antibiotics, mydriatics
and anti-inflammatory drugs, and may also include antimicrobial
preservatives as excipients to maintain microbial stability. There
are many different routes of administration for pharmaceutical
products, and the site of administration plays an important role in
the effectiveness of medicine. The localised delivery of ophthalmic
drops directly into the conjunctiva, eyelid epidermis, or cornea
offers a targeted effect, making it advantageous in managing
ocular conditions such as dry eye and glaucoma, as well as
inflammatory conditions of the anterior segment.?

Despite the proven efficacy of ophthalmic drops in treating
several ocular conditions, prognosis remains poor due to various

https://doi.org/10.36303/SAPJ.3528

contributing factors, such as patient nonadherence, perceived
inconvenience, preference for oral medication, and improper
administration techniques.* As a result, failure to correctly use
ophthalmic drops may prolong these conditions, leading to
permanent visual impairment.> Unaddressed visual impairment
impacts health, social inclusion, and economic productivity,
reducing educational opportunities and quality of life and
increasing mortality risk.6 Thus, reiterating the importance of early
intervention and management.

Although ophthalmic drops are integral to therapeutic efficacy,
studies have shown that many patients struggle to administer
them appropriately.” Factors such as difficulty reading labels and
improper administration technique can lead to misidentification
of medication or the treated eye, reduced dosage, contamination,
and ocular complications.* In addition, for ophthalmic drops
to produce the required effect, they should be chemically and
microbiologically stable, retaining their physical, chemical
and microbial properties integrity, and microbial properties
throughout their designated shelf life® Exposure to high
temperatures and humidity can cause instability; therefore,
patient education on correct storage is vital in maintaining drug
stability and preventing contamination.
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’

Patient adherence refers to the extent to which patients
actions and behaviours align with physicians’ instructions.’
Poor compliance often results from a combination of factors
including complex dosage regimes, physical barriers such as
reduced manual dexterity or visual impairment as well as limited
knowledge regarding ocular conditions and the importance of
treatment adherence.’ Within the framework of patient-centred
care, improving compliance requires involving patients in their
treatment plans and overcoming communication barriers that
frequently arise between patients and healthcare providers. These
barriers can adversely affect patient adherence when patients lack
a complete understanding of their condition and the rationale
behind the treatment intervention. Therefore, effective patient
education is critical for improved compliance and treatment
outcomes

Methodology

A scoping review, approved by the Biomedical Research Ethics
Committee of the University of KwaZulu-Natal (Reference number:
00006097), was undertaken to explore this topic of interest.
The objective of the review was to better understand patients’
knowledge and awareness regarding the appropriate use and
storage of ophthalmic drops.

Inclusion criteria

« All published research articles that explicitly defined knowledge
and awareness of ophthalmic drop use.

« Studies that describe their sampling technique.

+ Studies conducted and published between the years 2000 and
2020 were included to align with the timeframe of original
project and data collection. Despite this cutoff, the included
studies provide valuable insights into patient knowledge and
awareness of ophthalmic drop use, which remain relevant to
current clinical practice.

« Articles published in English.

Exclusion criteria

« Studies where the definitions of knowledge and awareness
were not specified.

« Studies published prior to the year 2000.
«+ Grey literature.

« Articles in languages other than English.
PCC framework

The PCC (population, concept, context) framework was used to
guide the selection of relevant studies:

+ Population: Any population of any age group.

« Concept: Knowledge and awareness of ophthalmic drop usage
and storage.

« Context: Peer-reviewed articles published between 2000 to
2020.

Search strategy and data synthesis

A comprehensive literature review search was conducted,

retrieving articles from three electronic databases: Google Scholar,

PubMed and Cochrane Library. The search strategy incorporated

a combination of Medical Subject Headings (MeSH) and relevant

keywords, including:

- Eye drops, ophthalmic solutions, eye preparations, ophthalmic
drops

« Instillation, administration, usage.
« Correct use, correct administration, correct instillation

+ Eyedropsknowledge, compliance oneye drop usage, adherence
to eye drops

Data organisation and screening

« Rayyan QCRI, a web-based tool for systematic reviews, was used
to detect duplicate records and to assist with the screening and
selection of studies

Identification

Records identified through database searching
(n=242)

!

’ Records after duplicates removed

|

’ Records pre-screened

Records excluded ‘

v

Eligibility ’

Records screened for eligibility

Records excluded ‘

I

Full-text articles assessed for eligibility

Full-text articles excluded with reasons ‘

I

’ Studies included in final synthesis

[ ]

Figure 1: Flow diagram illustrating the selection process for inclusion of studies in the systematic review
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+ Microsoft Excel was employed to capture key article findings for
analysis.

Data extracted from included studies

The following information was extracted from each eligible study:
+ Author identifiers

+ Year of publication

+ Study location

« Study design

+ Sample size

+ Sampling technique

+ Age of study participants

+ Method used to assess knowledge

- Method used to evaluate awareness

Figure 1 provides a visual representation of the literature review
conducted.

From an initial pool of 242 articles retrieved using MeSH terms
related to eye drops and their administration, 212 were screened.
After evaluating titles and abstracts, 92 full-text articles were
assessed for eligibility. Of these, only 28 studies met the inclusion
criteria and were included in the final analysis (Table I).

Results
Summary of key characteristics and findings of reviewed studies.

The included studies were conducted in clinical settings across
multiple countries, with study sample sizes ranging from 26 to
5100 (mean = 315). Study populations included glaucoma patients
(14 studies), postoperative cataract patients (2), patients with both
glaucoma and ocular hypertension (2), and individuals with other
ocular conditions (10).

Techniques for assessing eyedrop instillation included video
recordings (9 studies), questionnaires (10), both methods (5),
and observation (4). Most studies employed a prospective
cross-sectional design, with others including longitudinal and
randomised components.

Discussion

This review aimed to assess patients’ knowledge and awareness
regarding the correct use and storage of ophthalmic drops.
Inadequate instillation technique, irrespective of treatment
experience and duration, was a recurring finding across several
studies.>'315242532 - Common challenges identified included
touching the bottle tip, missing the eye, and failing to wash
hands prior to drop installation.®3 These behaviours increase
the chances of contamination and reduce treatment efficacy.
Furthermore, ocular conditions deteriorate due to poor eyedrop
instillation.’” Studies outlined various factors contributing to
poor instillation, including a lack of knowledge about ophthalmic
drops.

Several reviewed studies focused on glaucoma patients;
however, long-term therapy did not guarantee proper technique,
especially among older adults who face dexterity and visual
impairments.®'2>6 This suggests that familiarity with the
procedure, compounded by other factors, affected competency.
It was further noted that improper application may persist even
after years of eyedrop use.?

Enhanced education and communication from healthcare
providers was associated with improved technique.? However,
deficits in patients’ knowledge on areas such as handwashing and
checking of expiry dates were noted, often due to lack of patient
education.

The majority of the studies used a combination of questionnaires
and video recordings to assess patients’ ability to administer
ophthalmic drops. Video demonstrations were deemed valuable,
providing an accurate assessment of patient instillation techniques
and allowing gaps to be identified.®'®'%%3 Video recordings
further served as an instrument to enhance patient education.
Several studies indicated that education and counselling
improved instillation proficiency, highlighting the importance
of patient education in reducing errors and minimising adverse
effects, advocating for its inclusion in clinical settings.'-14182426

Given these findings, it is essential that healthcare providers not
only counsel patients but also demonstrate proper instillation
techniques and confirm patient understanding at the point of
dispensing.’>'3262° |n addition, patients’lack of knowledge on how
and where to store ophthalmic drops also emerged as a gap.'®
This is possibly due to insufficient counselling in this area, as
administration may be prioritised over storage.

Recommendations

It is recommended that the following minimum information
should be conveyed to patients to support and promote
therapeutic outcomes: correct instillation technique (single
drop, avoid contact with the eye or bottle tip), hand hygiene
before administration, identifying the correct eye and timing of
doses, checking expiry dates and discarding drops appropriately
(28-30 days or per manufacturer guidelines), avoiding bottle
contamination, proper storage conditions, and recognising
adverse effects. Providing this information can improve patient
compliance, reduce complications, and maximise the efficacy of
ophthalmic therapy.

Limitations

This review is not without limitations. Eyedrop administration
awareness was omitted from the search strategy, and this oversight
may have affected the results. Most studies focused on glaucoma
patients, limiting generalisability to other ocular conditions
that use ophthalmic drops. This also highlights a notable gap in
literature, at the time of this study, regarding the use, knowledge
and difficulties associated with ophthalmic drops in diverse
patient conditions. Furthermore, the majority of the reviewed

SAfrPharm J 2026 Vol 93 No 3



REVIEW

InoiAeyaq

wus3-Huo| 123434 Jou
Kew UOISS3S UOIBAISSAO
aAlesadolsod 3|buls v «
9zIs s|dwes |[ews

"pPassasse 10U sem
uoje||iasul dospaks uo
uonesnpa Joud pue pasn
sem a2dA} 9j0q suo AjluQ

nolneyaq juaied
paduanyul aAeY pIN0d
2oudsald 19AI9sqO ‘Dbesn
|ed1dAy Juasaidai Jou Kew
UoI3eAI9Sq0 9K3-9]BuIS

anoge pue g pabe
syuaijed Ajuo Jo uoisnpul
0} anp aziIs 3|dwies |[ews

‘uoljesnpa Joj pasu ay} buisiseydws

“INOIARYSC PIAISSCO PIIDIPLIIUOD UdYO anbiuyda)
uone|nsul sodoid yum ssueljdwod payiodai-§|9s :uoisnjouo)
UOI}eAISSCO JapUn 0S pIp ‘spuey

113Y3 Burysem skeme pariodal oym o€ Jo (%9'0€) L L AluQ
uoleAlasqo buunp

05 pIp 943 413y} PaYANO0} JaA3U A3y} PAAIRY OYM (%E'6E) L L
1231402 Se uojjeslsiuiwpe

11943 paAIadIad (91°/£S) ¥ PUB ‘UOIFRAISSCO JSPUN PassIW
(9%5€) £ 1anamoy ‘93 ay3 buissiw JaAsu payiodal syuaned og-
doup ajbuls

e Jo pea)sul sdoip JO weal)s e paj|lsul (%9°G) syusned saay] «
(Spuey ysem 03} 3In|ie} ‘UOIFRUILIBIUOD

di3 91104 ‘unod doup 3931100ul ‘943 33 Buissiw “6°3) 0spIA
elA anbiuyday sadosdwi pajesysuowsp (syuaired 0S) %9°Z6 *
sdolp usaMiaq SaINUIW G Z payem (%) syusned zz

‘uone|ndod pa3daye ay3 ul uoizednpa Jualied jo sduelodw
ay3 asiseydwa sbuipuy asay] Juswiiedwi pjay [ensiA o}
anp A|2y1] ‘s1993unjoA ewodne|b-uou 0} pasedwod anbiuyday
uole||isul Ja100d pey spualyed ewodne|s uoisnjpU0D)
S1993UN|OA

40 %G°€ ‘syuanied Jo 9 7'61 :eAldUN[UOd ojul Moy doup 3|buls.
S1993UN|OA

40 %78 ‘syuanied Jo 9|71 :3dwalie sauo ul sdosp sjdiyny «
SIDIYUN|OA JO %0°0Z ‘shudiied Jo 9| "€z :s3dwale g 2.
SI99JUN|OA JO %€’S| ‘syualred JO %667 :3oe3u0d diy 33309 -
($4993UNnjOA) £°0 F €T ‘(sauaned) 4| F £'Z :s3dwiaie sabesany-
SI93)UN|OA

Ul 955°96 ‘syuanied ewodne|b Ul 95G°gE :s93el SSIINS.

‘uonejl
|ed16ans 1oeieied 3s0d pue anbiuydal uone||iasul dospaks
sanoidw| uoiedNPa Judlled :uoisnjpuo) ‘K1abins yoeieled

3sod uoneyuul pue uied pasnpal payiodal osfe syuedidijied
pa1ednp3 "dnoib psresnpa-uou Y3 Ul 61 JO %6S 03 pasedwod
‘o€ Kep Aq Aouaidyoid pansiyde syusned pajesnpa €€ JO %8

*SJ3UIBIUOD 9SN-3|BUIS WO) UOIeIISIUIWP.-§[3S YIM
9166n.1s syusiyed Alap|3 :uorsnpuo) "duaLiedxs Joud Jo yoe|
pue A3Inde |ensiA padnpas 03 payul| a1am sabusjjeyd ‘dnolb
Apnis 8y} JO %89 U1 Pa11n20 943 33 UY1IM 10RJUOD JaUIRIUOD)
‘(g pue y sdnoJb |013U0d Ul 968 PUB %66 0} paiedwod)

58S [eA[}2UN[UOD 3y} 0jul sdoip pajjisul A||nyssaddNs 9/S

UoIsN|DU0d pue s3jnsay

‘do-1sod

auo Aep uo Huipiodas
03pIA pue aJleuuonsanb
eIA 3nbiuyda} uone|iasul
doupaks juaned jo
uonen|eas A196ins-1s0d

*s10121paid

|ea1ul)d pue diydesbowsp
Jo sisAjeue /si9a1unjoA
Ayyeay pue syuaied
ewodne|b ur uone|sul
doupaks jo skl

$5920NS PISSISSL-03PIA

‘paijdde sy doip

3uo Ajuo (g) ‘exaupe 1o
943 12eU0D J0U Sa0p di}
911104 (7) ‘93e4NS Je|Nd0
UO SuUleW?J pue SaY2Nn0}
doup (1) :Aq pauysp
uoljes3sIuIWPe JUSIDYOId

“ubis/pl| uo

sdoup pue ‘pijaAa/eaui0d
Y3IM 12830 ‘uois|ndxa
doup “4aulR3U0D DY}

uado 03 A)|Iqe :pap10d3l
s103eb13SaAU| ‘PAAIRSqO
buiaq ajiym sdoipaks
paJlsiuIpe-§3s sjualied

sainseaw awod}nQ

S|9pow uoIssai6a1
Buisn pajejnojes
sonel sppo

suoljeOSSe
J1oj uolssaibai
onsibo| sjgerieAnnw
‘sa|qerien
painguasip Ajjew.ou
10} 3591 10BX

s, Jaysi4 pue 1s9)-

(500 = P) VAONY
buisn pasAjeue eyep
!SI3YDIeISDI OM)

Aq Appuspuadapul
paJods
uonessiuiwpe
PpI0231-03pIA

s00>d

1e 135 dduedYlubIS
!s159) ueweads
pue Asunym-uuepy
‘7 wisld pedydei

poyiawi siskjeuy

LETIUETE
pue sajew
!s1eak +8|

LETINETE
pue sajew
!s1eak +07

S9jewsay
pue sajew
s1eaf +61

Ss9jewy
pue sajew
‘sieak +08

193pusb
pue aby

Burdwes
EIIEIENE

burdwes
EIVIBEIEI T}

Buidwes
ELIRETENN 4

purdwes
SA1INDISUOD ‘i

poyiaw
pujdwes pue
azis ajdwes

|euoleAIasqo
SAIINISUOD
‘aA1329ds0ld

Apnis
EHUERIHIT]
‘loge|-uado

‘leuo}eAlssqo
‘aA1329ds01d

|euOI3235-5501D
‘dnoib |ouod
pasiwopueluou
‘aA1129ds01d

|eUOI3D35-SS0ID
|euol1eAIasqo
‘aA1129ds01d

adf) pue
ubisap Apnis

JendsoH axnsnf
[e42uaD) 1e Sl
}eIR)R) 'BpRUR)

[exdsoH
eweAeyQ 21D
943 eMBYIYSOA
‘|e)dsoH awiy3
‘|lendsoH 1yssag
owoywnsg :ueder

212Dy 1D
943 [e3sA1) eueyn

aubojo)

J0 Ausianiun
‘ABojoweyydo
J0 Juswipedaqg
:Auewan

uonexo|

Apms pue £13uno)

alRI UY

2’18 39 oyeN

e nn

o[B 39 UBPSIA

SIPN3IS PAMB3IARI JO sBulpuly pue sdlsLaleIeYD £3)) 3| 3]qeL

S AfrPharm J 2026 Vol 93 No 3



'siskjeue

9} Ul 10§ PAJUNOIIL JOU
SeM S|aA3] Juswiiedwl
[BNSIA Ul UOJRLIBA

"wiay} 0} peai
saileuuonsanb pey oym
‘uoisiA Jood yum syusiyed
buowe Apejnoied ‘seiq
buipiodal-j|as 9)q1ssods
ubisap aandadsold
s,Apn3s ayy Aq pasuanjul
9q Aew sy nsay.

‘2J1euuonsanb ayy
0} asuodsal ul Aysauoy
,Siuaned uo paijal synsay

91kl 3nodoup 9%z |
pue oz1s 3jdwes |jews

Al[esa1e]iq pa||sul
K||e21dAy st juswieany
ewodne|b 4anamoy 94
9UO AJuo Ul passasse
SeM UOIJeJISIUIWpPY-
INoiAeYaq Jualjed
pasuanyjul aney Aew
95uasaid 19AIaSq Q-

'syualjed pasusiadxs buowe uans

1n220 sanbiuyda} uone|jisul Jood 1ey) pajesysuowsp Apnis
9y] 'syusned [asunod Ale|nbas pjnoys suemisAyd pue ‘leidnid
s1 anbiuyda) doipahs 129.110) :uoisnPUO) 943 J19Y) PassIw
%S€-6¢ ‘Aynduyip ou buiodas syuedidied Jo 9508 9udsaqe
‘doup 3|6uIs e Buijjisul 1e |nyssaddns a1ow Aybi|s a1om oym
‘syuanyed ewodne|b ueyy sydwalie asow apew pue ‘Ajzusnbauy
210w 943 3y} payono} ‘sdoip ajdiyinw pasn syuaned eunay «
'92e44NS 4e|N20 3y) uo doip

e 3de|d 03 pajie) sdnoib y3oq Jo piiyl-auo Ajpyewixolddy-
‘uoneslsiuwpe

doupaAs sadoid ainsus 03 parybijybiy sem susia dn-mojjoy
pue uonesnps jusiied Jo aduenodwl 8Y| :UOISNJIUOD
10119611191 3Y) Ul 9%Z°C L PUB ‘USYDID| Y} Ul %61 ‘WO0IYIeq
9Y} Ul 9%6°€T ‘W0o0Ipaq ay) Ul sdoipaks paiols %ty She

sdoup buik|dde payI[sIp %L L pue spuey yioq pasn 1soj «
*2f3 a3 03 diy uaddoup ayy buiyosnoy payiodal

905G PUB 35 910497 SPUBY I3Y)} Paysem sAem|e %1 9¢ AluQ «
JOJIIW B INOYJM WOO0.Yleq

10 WO001PaQ dY3 Ul USYO ‘(%' 9€) BUlpuels 1o (%8°/€)

Buniis 3[1ym os pip Ajurew paislsiuIpe-§3s OYm S0y «
(%57) doip

91buls e buisuadsip A}nouyyip 1o ‘(9%52) swa|qoid Ayuixap
[enuew ‘(95G2) SINSS! UOISIA 0} SNP SISYI0 UO Pal|dl %ir'/ L»
9|Iym ‘sdoipaka pataisiuiwpe-j|as pariodal (99:78) Ayiole|y.
*$2141e1196 Ul UoUSAIRIUI

pa31abue) Jo) pasu ay3 bunioddns ‘uone|jisul doipaks yum
sabua||eyd padualIadxa sieak 09 sA0qge Sjudlled :UOISNjIU0D)
Buines 3500

%91 e yym uosiad 1ad Gg'g Aq paseasdsp asn 3j1oq abelany-
(943 Ya)) BHWW g6'| pue (343 3ybu) BHWW 19|

£q Appuedyiubis pasessdap dO| :9JURISISSE JO SYI9M {7 19+
09 JaA0 syusijed ul JusjeAasd alow a19m sl NdYJIQe

Inw pue ‘sdoip exa ‘buidded ‘sdosp
Buikyuspi ‘42e3u00 diy 93309 se yons sabusjjeyd sjdinw
buipiodal 9z yam ‘saiynouyyip aAna(gns pariodas syusned gz.
K3 duo Ul %€ |

pue A|jesa1e|iq sdoip d1weyiydo pajisul syualred Jo 9p/8e

‘eulyd ui syuaied ewodne|b jo uonensiuiwpe doipaks

1004 :U0ISN[UO0) *$3SINU 1O S10320p Wy Ajliewid ‘uorie|isul
doupaks 1adoid uo uonesnps toud pey %/ 6 AluUQ «

sayse| Jo spijAs

P3YdN0} %t puUe BIUIOD JO BAIRDUN[UOD 3y} 0} di} 911300 Y3}
PaYIN03} %/ ‘93 3Y3 PasSIW 994 :A13 1S UO 3231103 350U} JO *
8'0 F £’ :pasn sdoip abesany «

1dwane 351y uo sdoipaks pa||isul A|3031102 9%/ 8t «
uone|iasut

-3s0d 31onp |ewdejoseu ay} passaid 9,6°¢€ aiym sdoip
U39M3}3( [eAISIUI INUIW-G < B paulejulew syudnied JO 948°€6 ¢

'sbuiplodal ein
POAIDSCO DI9M pUE [13SUl
0] 5483} [eIDYI11Ie JO WS
PaAI9231 ‘ai1euuonsanb
e paja|dwod syuaned

‘asn doipake

0) paje[al sabua|eyd

pue ‘sadusdxa
‘3bpajmouy ssasse pue
ejep diydeibowsp

123]|02 0} pPash sem
aJjeuuonysanb abed-omy y

‘uolnNpPal
dOI Aq painseaw

SeM UOIJUAIDIUI

93U} JO SSOUIAIIIIYD

9y} 19)yeaIay) pue
'SY99M 1 10} SdUB)SISSE
paAIadal syulled
‘salnyIp

uo[3e|[13sul JO JUSWSSISSe
paseq-aileuuonsan)

anbiuys9) uone|nsul
doupaks 1adoid 0y
9dUBIBYPE SSBSSE 0} Pasn
2J9M sBUIP10d31 03PIA
'pa323)|0d UM

sjuaned ewodnelb jo ejep
|ed1uld pue diydesbowaq

*uolssaIbal
onsiboj ajeueAn|ny

SuoIeINSP
piepue)s ‘suesjy

SuoneIASP
piepuess pue
sueaw ‘uolssaifbal
3|qeueARINW 1531}

suoleIASp
pJepue)s pue sueaw
‘sisk|eue uolssai1bay

S9ewsay
pue ssjew buidwes
s1edA gL<  DAINIISUOD ‘601
S9jeway
pue sajew budwes
+81 DAIDIRS ‘E1LT
s9eway
pue sajew
‘s1eak Buijdwes
08-8L 9AII3)35 ‘69
Ss9|eway
pue ssjew buidwes
's1eak +81 OAIIIIIBS ‘£ 1L

92130e1d ewodne|b/
eunai Ayenadsqgns
91eALd (oW

|eu013095-55040
‘leuoljeAlasqo

‘3A1303ds0id 10 s33e1S pPaNuUN
[euodas

-ssou 4opd yromyuo4

aAneIIuEND pue aljowiyjeg

aAIpadsoid  as3uLd aie) YyesH

‘leuonjusniau| Kiewd :eipu|
|euo11395-5501
‘leuonealssqo eulyd

D._m
19 Aassauusy

o'[B 39 1esL

ERLEENTLINN

yi'|€ 39 oeH

S Afr Pharm J 2026 Vol 93 No 3



sueyd
|ed1ul> BuimalAaJ Jo YdeT

Aandsfgns
pue azis ajdwies ||ews

INOIARYS( [ein}eu
bunoaye Ajjenuazod
‘Bu}19s JUSIBYIP B Ul
92U0 PanIasAo Ajuo

sem asn dospakg.
||e231 Juaied uo paijl

K103s1y uone|nsui doig.

papn|Pxa
2I3M (SJUSWISAOW puey
uey} 3S10M) SSO| |enSIA

21935 pue syuswiiedwi
JojoW YHM syualjed

*9sn doipaks Joy
suol1edIpul PISSISSeUN
SUOIBDIPSW [ENPIAIPUI
wouy buuayip

sdoipaka ogaded jo asn-
uopesiwopuels

-191SN> wouy seiq
U0I129|95 [elIU)0d
pouad dn-mojjoj buoj| 03
anp a1es 3nodoup ybiH «
9z|s 9|dwes ||ews.

‘A)ljigesijessausb

sywi| 9z1s djdwes ||ews.
‘Ayjiqesedwod

elep 10aye Aew
sasuodsal alleuuorysanb
pue soiydesbowsp

u1 saduIRYIp ‘Apnis
P3][013u0d-)[3S
‘andadsoud e sy

"Uo13edNP3 J0j PASU A}
sa3ed1pul ‘sdoipaka buisn a10jaq saiep Aiidxe bunyayd pue
Buiysempuey se yons ‘sad11deid diseq Ul UOLIRLIBA {UOISN[IUOD
‘Juedyiubis

950p B BUISSIW JAPISUOD 10U PIP %P'SS PUB A[SAIINIISUOD
paj|sul 9q pjnod sdoipaks om) panal|aq %€ AeaN-
sad13oeid abe.os syeldoidde

M3U %t 19 AJuo Ing auidIpaw ay) Jo asodind sy mauy| %86+

'SuoijedIpaw Jejndo [eaidoy Jo asn buiroidwi

Ul |00 9A1123)49-1502 ‘Bulsiwoid e se 3 :uojsnjuo)

'(60°0 = d) 3uedyiubis Aj|ednsiels Jou ybnoyyje

‘9626 03 %89 WOl 9501 sAep g 1a)ye 3[310q ay3 buipiedsiqg.
(S510°0 = d) %TL 0} % WO uoIsnPIO

[e3ound pue ‘(L00°0 = d) %#8 03 %0 Wolj 3[330q 3y} bunjeys
"(620°0 = d) %6 0} %9 WK paseaidul Bulysem pueH -
s9110691e2 USASD JO BUIU Ul PajoU SjusWRA0IdWI JueILIUBIS.

*UOIJRJISIUILIPE 1291100 YHM P31eID0SSe J03oe) Juedyiubis
Kjuo sy buiaq abe J1abunoA yum ‘uone|jiisul doipaks 3031102
yam pa|bbnuys syuanied ewodnelb jo Ayiofew ay] :uoisnjpuod

(c00=d's1eak 89'SAT'19

ueawl) anbiuysa} 193410 Y3m pajerdosse Apuedyiubis sem abe
19bunoA pue sajewsy ul pajou sxuewload 193199 Aybils.
Joud spuey paysem 9| | AuQ +

sdoup s|diyjnw pazasnbs 95/ ‘sH29Yd

10 sp1jaAs uo pue| sdoip pey %61 19IU0D 33100 PeY %79+
10e1U0d

di3 3noyum sdoipaka pajjisul A32a.110 syuaiyed Jo %87 AluQ.

'sa2130e4d P3DIOJUIDI ‘JUSISISUOD 10} AU Y3 Buisiseydwa
‘anbjuyda} dospaks panoidwi ui paynsas ‘A1an1jSp Jo
SPOW 3Y} JO SS3|P1eB31 ‘UOIIRINPS JUBIIR :UOISNDUOD
*Bulj[@sunod usRLM

pue |[eqI3A ‘SUOIFRIISUOWSP PAPN|IUI SPOYISW UOIeINPT
“SUIUOW 9 18 %79 PUB YIUOW 3UO 18 %S E

‘BUI[35Bq 1R 969 :DWI} JOAO PIACIAWI UOIIRAISIUIWIPE 1034100

‘duUI3Ype
pue A>uaidyyd Bnip buisiwixew pue abejsem ‘uoljeuIweIuod
Buinpai Agaiay3 ‘Snbiuyssl psaosdwi uoiednps painionis

I9AIMOH ‘dnbiuyda} uone|iasul Jood 104 XsH 493eaihb

1€ S4B Sh1e)s [euollduny Jood Y1m sjusiied :uoisnjpuo)
*(Z6€°0 = 4) uonedNPa Jaye Ajpuedyiubls

panoidwi Ing (Z04'0- = 4) SI02S dUI|SSRY JOMO] PeY SI[ewS4
uof3duny dAIHUBOD pue

‘uoijedNpPa ‘x3s ‘abe 1o} Burisnipe e usaAd ‘(€000 =d ‘/80°L-

= g) anbiuyda} Jo Jop1paid Juedyiubis e sem 3103s J|yY4
L0'Z ¥ 06 L J0 Juswanoidwi
ueaw e BUIMOYS /7’| F €€/ 121015 UOI}RINPS-}SOde

‘uone
sdoipa£a jo sadnoeid pue
apnie ‘abpajmous| ay |

‘(dsn Hg3-isod
Yjuow-| pue a1043q)
saJleuuolsanb omy pue
19|63 Uonew.IouUl Ue
Yum paanguasip (Oa3d)
yieyd doup jeuonyesnpa
Ue JO SSSUSAIIRYD

3y) pajen|en

‘uolle||1Isul J33Je uoisn|>20
wnjound pue uone|jisul
-3s0d a1nuiw | Z 3Insopd

p1aAs ‘buiysempuey
Joud ‘uaxeys sem 3|09
93 Jayaym oeuod diy
‘uoljedo| doup ‘pazasnbs
sdoup jo soquinu
‘buiddeoun saye doip
151 0} Wi} ;papnul
si9)aweled uoneAlasqo

‘uonesnsiuiwpe doipaka
wi3)-Huo| uo uonedINpPa
|eUOII_AIIOW JO 13443 3Y |

‘uoljesnps juaied

JO S)YBUI dY} SSAsse pue
anbiuyda) doipaks 1ood
10} 510128} ¥SlI AJ3uspl O]

LEI[WEN
pue s3jew
LZADIEMYOS  Y30(q ‘sieak
|ed13siiels SSds Wal £8-81
S9jewsy
pue sajew
yieg ‘(leudsoH  yjoq ‘sieak
payun [eAoy yieg 06-St
SUoIeINSP
pJepuels pue suesw sajeway
‘sabejuadiads  pue ssjew
(®mnsu]  yioq ‘sieak
SVS) 0°CLA dINre LL-SS
124\
SD13s13e3S SSdS gl
$353) JBWBNDA
:suospedwod
J13)je-a10)9g-
uolesiwopuel [EI[WEN
psjessush  pue ssjew
-19Indwo). ‘sieak gL <
e uonej|sul
pue soiydesbowap
VEETINET]
sdiysuone|a. ssasse
0} uoissaibal
Jeaul| ajdnni.
suole|a110d
|euasig-uiod
pue ‘uew.eads
'5159)-) paliede
sqs pue
sueaw ‘sabejusdiad
‘salpusnbaly S9Jewsy
paHo0dal §54S pue  pue sajew
pedydeis wisuds  ‘s1eak g9 <

purdwes
SA1}ND3SUOD {10 |

Burdwes
anisodind ‘gz

purdwes
9A1INJASUOD {|/

syuedpiyed 16

sjyuedpiyied gz

yiebipueyd
‘lendsoH pue
963|0D [ed1paN
JUSWIUIBA0D
‘ABojow|eyiydo jo
Juswiedaq :elpuy|

aAlleIIIUBND
‘|euo1329s-ss01)

|eudsoH
ond  payun [edoy yreg
‘aA1329ds0ld :wopbuly pauun

olpuer
9p o1y ‘ossadnsuog
3p |esapad

|euUOoI}95-SS01D) |endsoH :|izeig

|eUOID3S-SS0ID sapewseyd
‘pasiwopuel Ajunwwod
BEINTp) :Auew.an

|endsoH weyjuels
pue [endsoH Aiepy
usaNY Jo dIulP
Kbojow|eyiydo
:buoy buoH

|eUOI}D3S-SS0UD
‘9A1329ds0ld

NN._m Pw
00JIPUIYO

1zSOIYBA
pue ybapd

o7|8 39 sawon

6’18
19 Jadwe

a'12 33 Aoyd

N

(@]
=z
[sq)
[e)}
k)
>
O
N
o
o~
—

g

e

S
<
Q
o=
<
[



*A>eIndde UolIe||1ASUl
oddns pjnod yaiym
‘pajen|eAs Jou Sem spie
9ouel|dwod Jo 9j04 3y«
anbiuyssy 1edwi
PIN0D Yd1ym ‘passasse
10U SEM SSSUPIPURHe
Inolneyaq Jualjed pasaye
aAeY Aew uoIIRAIDSQO
pue buss dluld-

'selq

||ed24 Juaned |erualode

‘PapN[IX
219M syuawipadul
|ed1sAyd yum syuaneds
‘passasse jou

2J9M S|aA3] Adela)| pue
SNJe}S JIWOUODI0ID0S.

‘uonejndod

19peouq 33 123ye Jou
Kew yaiym ‘bunpiomiau
[eI20S 03 SS320e pey
oym sjenpiaipul Kjuo
0] PIPUIIXS UOoISN|DUle
elep payodai

-J|9s Aj119A 0} BUOp

10U SBM UONRAISS]Q*

*123(01d eWOdNE|D

9Y3 Ul p3jjoJua Jou
9SOU} pue SYuoW € ise|
Sy ul

sjuswiuiodde passiw
oym syualied papn|ax3

'94e ewodne|b jo Jed sunnol e aq

p|noys uonesnp3 ‘uone||iasul dospaks 1991103 pue uolesnpa
juanied UsaMIS dIYSUOIIR[4 JBS]D B SBM DI3Y] :UOISN|DU0D)
"anbjuyda} uone||iasul Ja100d 0y

payul| A|Buois sem 36y ‘A1Nde [ensiA 1o ‘uonesnps ‘AudIuyle
I9puUab UO Paseq puNoy BIIM SADUBIBYPIP JuedYIUBIS ONe

g e Aynoyyip

doipaks pajel syusned 6 AUQ 0L/E €L PUB OL/Z Patei 8L
‘01/1 Ayndoydip Bunel syusied € yym patea sburiel Aynoyige
sjeasdiul deudosdde 3noyum

sdolp |13sul U}0 SUOIIRIIPAW I0W 1O OM) Bue) Sjudlieds
‘leuoissajoud diwjeyydo

ue Aq sdoup 13sul 03 Moy umoys Bulag pajjedal %z L8 «
"}oe3U0d di} 3]10g Y3 bulydN0} ‘saka

passiw Buipn|pul ‘(z—| $3103s) anbiuyday Jood pey 9/ 9.
's1edk 9'| | F 9'|/Z sem abe jJuafied sbeiane ay]

‘uoledIpaw
0} 9uaJaype aAcidwi 0} Uo1IEINPS J0) paau By} buisiseydwa
‘Appadoud sdoup [13sul 03 pajie} 906 ‘[|_ISAQ UOISNOUOD)

“2eS |eAdUN[uod

ay1 ojui doup 3|6uls e pajnsul A[123.4103 syuaned g AluQ -
sdoup 3|dijnw

Bundalipsiw swos yum ‘syusned gz ul ks sy passiw sdoiq «
uoljeuUIWeI0D

Buysil ‘spijafs 10 a4s ay3 03 di 331309 dY3 paydNno}

syuaned g5 pue ‘doip 3|6uls e 8zasnbs p|nod 9,05~ AluQ-
'SpU02as

G'€7 03 /'8 Wouy pabuel doip 151y SY3 [13Sul O} SWI} UBS|A
ewodne|b a|bue

-uado A1ewd 9/ € pue ainsopd-sjbue Arewnd pey %g9 «

“JUSWIea1] DAI}I9YS 2INSUS 0} Hul|[9SUNOD J0j PasU By}
pajedipul

9sn doipaks 1oa1100ul Burriodal syuanied ||y :uoisnjauo)
*A||euoiseddo Buiysem 996z Yiim ‘uone||isul

210499 spuey 413y} buiysem skemje payiodai o, Gz «
‘sanuiw

01— PIHBM 04G°0€ "SIUSW1LI] USIMIC SAINUIW G UBY})
SS9 PAMO||e 9%9°0€ d|Iym ‘sdospaka Ja3ye Juswiuio paljdde
%8°06 Pue 123U0D d1} 33107 PapIoAe (9SZ8) Aofe|y-

's1010.)
BuingLIuod £33 49M SuolleIIWI| [eNnsIA pue ssau|npabioy
‘JuaJaype-uou a1am sjuaiied Jo Jjey JSAQ :UOISNOUO0D
'sdnoJb (%S 1'9/) JUIIBYPE-UOU PUB (%E7) JUdIdype

4100 Ul UOSeaJ UOWWIOD 1SOW 3Y] Sem ssau|nj1abiod

asn a1endoiddeul

pasuanyul Apuesyiubis (L00‘0 > d) Ayjenb uolsia pue
(AjoAn2adsai £0°0 pue 200 = d) sdoup Jo Jsquinu pue by
%S sem sdoup ewodne|6 0] duUIBYPY.

‘doipaka
3|buls e |iasul 03 A})iqe
s,Juaned sy} uo paseq

‘(3599) 7 03 (3s10M) | WOy
P310S SeM SWO0dIN0 Y|

‘palenjens
9I9M UOlj_UIWERIUOD
Jauleyuod pue £oeindde
‘usxe] awi ay) ‘swoy
1e doupaka a|buls e
[13su1 03 A31|1qe suslied

9dueldwod buiroidwi
ul syspeweyd Jo 9jol 8y}
pue ‘sinoireyaq abeiols
pue uopjesnsiuiwpe
doupaks ‘soydesbowsp
:SUOI1295 d24Y) pey
aJteuuonsanb ay )

9|eds
Y17 Jutod-g e buisn
SInoIABYSQ SdUaIBYpPY *
8-SYWIN)

9|edS dUABYPY AYSUOI «
UOISIA pa)el-J|as pue
uonesnpa ‘pasn sdoipaks
JO Jaquwinu ‘sjielsp
ewodne|b ‘soiydesbowsp
:sjied sa.y) ojul

PSPIAIP 31lEUUOISIND

uolissaibal

o13s160| 3|qeneAlun.
159}

wins-yuel UoXod|iMe
1593 Yj|IM-0u1deys
'SweIbolSIH.

sjujod

Swii} Juaiaylp e
SUOIBIASP plepue)s
pue suea|y-

suoieIASp
plepueis pue sueajy

50’0 S d159) asenbs
-1YD ‘21BMYOS SSdS

soosd
1593 a1enbs-1yH

sieak
06-0S

sieak
0/-S€

LETIE
pue sajew
y1oq ‘sieak

Ge-8lL

sojewsy
pue sajepy

sjyueddiyed g8

SEIBEIER
Klwopuel ‘g9

syuedpiyed /€2

|eUO[}235-5501D
‘leuoizersasqo

|eUO1}295-5501D
‘leuoizeasasqo

|eUOID3S-SS0ID
‘9A1329ds0ld

9AllelUEND
![euo1139s-ss04D)

19)530197

|exdsoH Aysianiun

:wopbury payun

Aoy 21ed
93 A1enJay :eipuj

|eydsoH
|esua) yepieing
‘elgely Ipnes

seobe|y

01928\ 3P SOY|O
ap oInyIsu| :izelg

o239 Weye|

«[e19 exdng

<N. _ e
19 uezmey|y

&2 19 0119q 1Y

E S Afr Pharm J 2026 Vol 93 No 3



‘passasse
Jou sem asn doupaka

UO UO[3dNIISUl JOLIde
'S}NsaJ pajdaye aney
pIN0od uoleAIasqo buunp
A)91XUB 9DURWIOLDe
'anbluyda} pasuanpul
aAeY Aew (uelsAs)
suoljeliea 93309
‘suofjen|end

03pIA SWOS JO AJIe[d 3y}
pa3123yJe SaNSSI BISWE).
"9)YM 219Mm syuanjed
uedLBWY UedLyy-uou
10w se AJSIDAIp |eldel
paywi .

‘paydes}

jou sem uoiedpnled
-UoU JO} SUOSe3] Se

selq Uol3d3|9s 3|q1SSOds

9z|s 9|dwes |jews.
‘dn-moj|oy buunp
uo[3edNP3 DI0JUIRI

pue 3w} JI9A0 UOIIUIDI
anbiuyda) jenjend
pINoys yaieasal ainyng
JUBWISSISSEe

uofU}I Wid)-Huo| sywi|
uoljeinp Apnis 31oys.

*Aoud)sISU0d

A}1I9A 0} BIRP BUIjdSe] ON-
"9duewoyad uope|sul
pue 310jwod jualied
pasuanyul aney ybiw
95udsa.d Jojebiisanul
*INOIARYSC SUIINOA 12343
jou Aew UoI}eAISSCO
03PIA UOISSIS 3|BUIS.
1amod [ed13s13e)s pasnpai
pue saAsod as|ey
paseasdul aney Aew a3
40 suoieydadxa ybiH.

’S|00) [BUOIIRINPS SAI}I3)S UO PIPS3U S| 2183531 J9Y1n4
‘uonje||isul dospaka ajesysuowsp

pue suonsanb juaiyed sbeinodus pjnoys suenisAyd
anbiuyda) dospaks

1ood yym buryse-uonsanb pue ‘Ajianss ewodne|b 4apuab
US9M}3q P3JOU SUOIIRIDOSSE JURdYIUBIS :UOISNDUO0D)
-03edi|dde ayj a1eulweIu0d

01 A|Y1] s3] AjpuedyIubIS d19m Sjusized uedLIBWY UBDLIY-
Aoeindoe pajdaye Aj9sianpe syuswipaduwi AjIqoN.
anbiuyda) Jood 03 payui| Apuedyiubis a1om

£>e13}1| Y3[eay mo| pue Japuab sjewa) ‘ewodne|b 219ASS.
9.} 10 5943 J13Y3 0} J0jed1jdde sy paydnoy Ajpusnbaly
uswoM 3[1Iym Adeindde panoiduwl S|9A3] uolesnpa JaybiH-
sysibojowyeyyydo

woJj 3sn dopaks uo uonednpa panidal syusied op AlUQ «

*infuy Jejndo

pue uoljeuiweluod ‘abeisem ‘asnsiw 3d3npai 03 sdoip D1 10y
Ajjedadsa ‘buljjasunod ui uoisnjpul bunuesem ‘snyj ‘|nydipy
se s|eLajew sy buimaia ‘uone||nsul doipaks ul Juswsnoidwi
pamoys sjuaiied ‘SOSPIA [eUONDNIISUI 1O :UOISN|DU0D)
‘uoiedNps Jsye panoiduwl 12e3U0d 33eLINns

Buipioae pue ainssaid [e3bIp ‘21ns0JD pIjaAS 31| SANOIABYS]
pue ‘(965 SA %16) sdoip pajjnsul A[129.1103 syusned aiop-
(9% Wouy 3sealdul) pijaka Jamoj I3y umop

pa|Ind A[31291102 %16 PUe JUSPYUOD 1|3} % 6 ‘Bulydes1-1504-
PSLLOM SSWIIBWOS

995 PUB UB1JO %€ ‘9S0p e BulSSIW IN0ge PaLLIOM SABM|e 046 «
Jou pIp %cL Iym

JUSPYUOD 3|3} %88 WY} buowe ‘uoesysiuiwpe doipaks
Jadoud uo pa1dnJIsuUl UsSaq JSASU peY 9%/ ‘Bulydes) alojege

‘9duaIaype snoidwi

0] papaau aJe sa1ba3ells pasijeuosiad jeyy bunsabbns
‘3bpajmouy ewodne|b 10 ‘510384 |ed1ul]d ‘so1ydelbowsp
pue UI3YPE US3IMIC UOIR|D110D ON :UOISN|OUO0D)

'sdoup [13sul 01 436u0| 300} poyrew HAJ Y-

poylaw

e1) 9y) buisn 9110 ay) pareulwejuod syuediiyed .
poylaw

|euonpes] 9y3 JO 1ey) UeY) 9|qNop 1sowe sem anbiuyday
D@3 ay3 buisn doup | |13sul 03 3|qeun syuaiied Jo Jaquinu ay | -
S1uaJayIp JuedyIubIis ou yum ‘sanbiuydsy

|eUONIPE.I} J0) % °99 PUB DT I0) % |9 SIIM SD)RJ SS3IONGe
Apnis oy pare|dwod syuedidned

65 210J319Y1 USIA  Y39M 3y} 210430 MIIPYIM Al
anbiuyda) [ensn J1ay3 yum uone|jiasul dospaks

Ul PaPIIIINS (%9°0t) 9T ‘srusiied ewodnelb 49 Jo INQ-

asn
doupaks ul Aoedyya-y9s
/92uspyuod jusiied pue
UO11eDIUNWIWOD JO 3]0y

‘uofjeslsiuIwpe
-j|9s doupaka uo

03pIA [_UOI}INIISUI

pue inopuey e buisn
uoljeonps juaned jo
SSDUDAIIIIYD AU} SSISSY

Buipi0d31 03PIA BIA
passasse a1om sabe
pue ‘paaAdp Bnip jo
junowe ‘pasn anbjuyda}
‘uael awn ‘Ayjige
uole||Isul sualied

'500>d
je 9duedyiubis S9jewsay
[EOSeIS YUM 6LA  pue s3jew
$O1ISIRIS SSdS NGl ‘siesk gL <
S9|ewsay
pue sajew
159)-] S,U0SIRdd" ‘sieak
a1enbs-1y>- 16-61
$Ha3
YlM pastewwns
‘ainjiej uonejjisul
10} 510308} ¥S1 JO
sisfjeue ajeleAl}NW
pue ajeleAlun.
apInb doipak3-
mw_J_m>|Q . S9|eWa)
sjulod SWI JUSIBYIP  pue sIjew

Je suonelAap yiog
piepuels ‘suesjye  ‘sieakg| <

buidwes
9AI13I9S ‘64T

purdwes
SAII3|9S g

syuedpiied 65

$91P1S 1 Ul $JIUl|D
Kbojow|eyiydo
:edlsWY Jo
S93e)S pajun

|eUOI}D35-SS04D
‘aA1129ds0id

*eJOSSUUIN

40 Ausianiun

Y3 1e ol

Kbojow|eyydo

|eUOI}D3S-SS0ID LR WY Jo
‘aA13d9dsold $9)e)S PapuN
Ayisianiun

pasiwopuel lopiye ‘|eydsoH
‘ubissp  [esuies ‘supIpa| Jo
J9A0-SS01D) Aynoe4 :puejiey

PR ERJEIVL-IN

o 1239 Bua4

NN._N
19 e(eAnies

S Afr Pharm J 2026 Vol 93 No 3



‘selq

uo|323[as bupnposul
‘sdoip uoreuiquiod
paxy asn 03} pa3d9|as
-a1d a19m syueddiied

's19pelb usamiaq
JUSWISSISSE |en)de

3y} pajewnisaiapun
Alqissod sonsiyels eddey.
*JUBWISSISSE d}eINdde
Buiiwi| ‘a391dwodul Jo
£11In|q 219M SOPIA SWOS.
'S9]130q Uol3edIpaW
ewodne|b syuaned ueyy
91104 Je3) [eDYIMe

e Jo 3s)e

"JInoiAeyaq jualied

129424 A|93e4NdR J0U Kew
pue 3sn Pa3eWISIIA0
Ajlenuaiod ejep pajiodas
-J|9S UO dduelRY-

‘ubisap aAdadsosas

pue 5zis 3|dwes |[ews.

*J0413 |BDIUYD3) B
0} 3Np 50| 24aMm syuanred
€ WO1J SOIPIA L e
‘Papnppul

syuanied ewodne|b AjuQ-

‘sadi3oed

uol3e|[13SUl JO JUSWISSISSe
Bunuanaid ‘paniasqo
Jou sem anbiuyda) -
‘Papnjpul

syuaned ewodne|b AjuQ-

"S9jewW UeY) 9dUJaype Ja11aq Ajjuedyiubis pamoys sajews
‘9dUIBYpPE Paldaye APAIreHauU uole|sul 1ad sdoip jo
Jagwinu ay) pue ‘abe ‘uoijeinp Juswieal ;9buo :uoysnpuo)
(9%0°%71) Buluiow pue ‘(%8'G 1) BuluaAs ‘(95°07) daajs a10jaq
“(9%Z'8) UOOU Je Pa1INII0 AJUOWWIOD SUOIIR[|13SUl PSS
sysibojow|eyiydo Jo 958/

pue $3123(qns Jo 9%1'z/ Aq paiodal sem 9dUI3YpPe POoD).

"9dUBIAYPE WS}

-buo| 10aye AjpA1ebau A|qissod pjnod jey) abpajmous| Jo 3oe|
e pue sacnoeid A19jes 1ood Bunesipul ‘diy 81309 ay1 payonoy
sjuanjed g/ JO €¢ ‘||eIdAQ :UoIsnjpu0) “uolie|isul 1ad doip suo
pasn (942 149]) % '68~179 ‘(943 1Y6L) %69/~ 79 :AOusIL3.
943 33 YuM 12e3U0D

ou dpew (43 Y3|) %t v £~€'LS ‘(943 IbU) %/°99-T 9t :K194eSe
(942 1J3)) %T £8-1'vL (9A33YBL) %C'£8-5'6L :Aoeduy3-

's9|qelien

1ydesbowsp pue anbiuyral usamiaqg punoy aIam sy
juedylubis ou Ing ‘(96esn doup pue Adeindde “o°1) anbiuydsy
uol3e||13sul YiM paje[a110d susaied uondidsald :uoisnjpuod)
‘Aiuenb uondudsaid bupusnjul

(620°0 = d) uone|nsul 1ad sdoip Jo Jaquinu 3y} YHM ‘sa[330q
2Jow paAIddal os|e uonedijdde sad sdoip g = buisn sjusieds
(80070 = d) Alyauow paqudsald $3]310q 210W Y3Im paje|dosse
Ajpuesyiubis sem A>eandde Juswisde|d doipaks sjeinddeuls

‘sd130ed

pue ejep payiodal-j|as usamiaq Aduedaudsip e bunedipul
1oe3u0 di3 9)130q INoyHm doup 3|buls e b sul ul anbiuyday
Jood pajesysuowap syusized paduaadx3 :uojsnjaUu0)

93 3y}

Buiyono3 Inoyym doip a|6uls e paj|iasul ‘A|9A132dsal ‘%8'0€
pUB 96’ Z ‘S9]10q TW-§'Z pue Jw-G | Huisn asoyy buowy.
spuey paysem 9/’ | AJuo pamoys

Uo1eAIaSAO UaAaMoy ‘Bulysempuey Jolid pajiodal %6 9.
12e3u0d di} 3[10q ou pariodal %' 6/.

943 aY) passiw JaAau Aay) paAaI|q %6°L9 pue
‘uoijesysiuipe dopaks yim sa1nduyip ou payodal 9%8°76e

'sasinu Aq uonesnpa

Buiobuo 1oy pasu e bunedipul ‘sbpajmouy Jai0od pey
Adeiay} wia3-6uo| uo asoyy pue syuaned Jap|Q ‘PduUIBYpPe
Souanpul Ajpuedyiubls Jou pip asn 43a1disiu] 'soiydesbowsp
10 $S3|p1eH3I PALINDIO0 SISOP PSS :UOISNJIUOD)

*9DIAPE [BJIPAW INOYHM

JUSWIR3I} PINUIUOISIP PRY 8 PUE ‘SISO PIASSIW %9t
uole||isul-3sod sa4s J13Y3 3502 03 MaUY %61 AJUQ-

noyyip payiodal syuaned ¢
SUOI32NJISU J1B3]D BUIAISIRI PaIedIPUl %88 *

paw.Iojul $S3)

s19yeads ysijbuz-uou yum ‘ssweu doipaks ayy mauy| %/ /e

‘uone||nsul jo Aouanbauy
pa.iagaud pue sdoup Jo
Jagquinu pawuajaud ‘spie Jo
asn ‘adue)sisse ‘sbuwin
pue ssau[nj1ab10j Juadal
‘S|eAISIUI UOTIR|[1ISUI
‘ssaualeme

K)noYIp ssassy

‘(passaudxa

sdoup) A>uaidyye pue
(19e3u0d dit 33300) A13)eS
‘(9>e44ns Jejndo uo doip)
Koed1J9 passasse siea}
|edyIe bulj|asul-y3s

0 sBuIpPI0d31 03PIA

'S129)J9 9IS |20 JO
ssauaieme pue Aousnbaly
abesn Apjaam ‘Aoeindoe
juswade|d ‘uonejasul
J13d sdoup jo Jaquinu ay3
‘(papreun Jo papre)
SpoyIaW uofelisiujwpe
doipaka s3enjea

‘ewodne|b

pue uolsualadAy

Je|nd0 yym syuaned
pa>uanadxa Jo uone||nsul
doipaks a1enjeay

9duedwod

pue buipuejsispun
,Siuanjed uo siaquisw
Ajiwey bunjeads-ysi|bu3
Jo si3391di93u1 Jo
yedwi ay3 pue Adesayy
dolpaks ewodne|b
YHM sinolneyaq

pue abpajmouy
,Sjualjed a1enjeay

SUoNeIASP
plepueis F Sues|\-
J3sA[eue p[ay [ensiA
AasydwnH jo gw-
uoissaibal di3sibo.

SUe3|\
siopeib paysew g-
sonsnels eddeys

siskjeue

uoissaibal o1s1boTe
UOIJRIASD piepUE)S
pue sues|y
Jaskjeue

play A31ydwnye

"2IBMYOS Sish|eue
|eIDIaWWO).
M3IADI

4031 [RIIPSN.
anbiuydsy

JO M3IASI O3PIA.

5159} pasenbs
-1yD + {,3994100Ul
/3291103, 10 ,0u
/59K, se paskjeue
2J1om sasuodsays

sajews)
pue s3jew
‘s1eak g+

[EJ[EWEN
pue s3jew
!sieak

S8-0%

LEI[VEN
pue sajew
‘sieak

§6-CS

sajewsy
pue sajew
‘81 <

LETIET!
pue sajew
!sieak
06-8L

Burdwes

anisodind (0oL

puldwes
9A1INJ3SUOD '8/

Burdwes
SA1INJASUOD !/9

Burdwes
9AI1D3I9S ‘6E |

buidwes
9AI12319S ‘00 L

|euipniibuol
‘andadsold

|eUOID35-SS04D
‘aA1329dso0ld

|eUOI13035-55010
‘anDadsoy

|eUOI}35-S504D)

|eUOI}35-SS0.D)

uoI13eIDOSSY
sysibojowieyiydo
40 sowis pue
s|jendsoH :uedef

49353420y
‘7Y ‘uoson|
‘elydjapejiyd
‘obediy) :eduswy
40 s33e1S payun

|endsoH [esauan
A1) osofeN ueder

edLRWY
10 s31e1S paNuN

|endsoH 943
ASupAs :eljensny

mm._m
19 eANWINS|

1232 pied

@39

jogns|-lemey|

SEETIOS

£]2 39 siInD

38}

o]
pzd
o
(@)}
Ke)
=>
O
™~
o
~N
-

S

—

S
<
Q.
o
T
)




REVIEW

+Potential social

+18.5% of patients always took drops correctly according to

Knowledge and self-
VAS-AD.

«Means, standard

45-88
deviations at

years;

123; consecutive
sampling

Prospective;

Germany:

Welge-Lussen

etal*

desirability bias in self-

reports.

reported adherence

cross-sectional

University Eye

+77.9% missed no doses in the prior 14 days

assessed using ARMS2

and VAS-AD

time points T1

males and
females

Clinic, Friedrich-
Alexander

and T2. -Bivariant
correlations

-Small sample size.

-Forgetfulness (43.8%) was the main reason for

University,
Erlangen

«Short interval between

T1andT2.

nonadherence, followed by inattentiveness (25%).

+One third of patients missed doses when applying more than

once daily.

Regression models

«Lack of data on

environmental, social,

Conclusion: No link was found between adherence and

and medication factors.
+No control group was

included.

demographic, clinical characteristics, or glaucoma knowledge
data. Individualised strategies are recommended to improve

adherence.

-Small sample size.

0.9+0.7

-Before education, patients squeezed 1.9+0.9 drops (

Patients on glaucoma

25-86; +SPSS software

Prospective; 45; consecutive

Mexico: Prevent

Lazcano-

«Brief follow-up (only 30

reached the eye), with 64.4% touching ocular tissues, 61%
had bottle tip contact and 66.7% instilled one drop
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minutes post-education)

instilling eyedrops,

percentages

Hospital de la
Ceguera)

limiting understanding of
long-term retention and

technique.

+Post education, patients squeezed 1.2+0.5 drops (1.2+0.4

reached the eye), with 82% instilling one drop.

educated on proper

technique, and reassessed

post-education.

Conclusion: A single educational session improved both the

efficiency and accuracy of instillation.

The confidence question

+Among 117 confident participants, only 95 used the correct
technique

Patients rated their

Prospective 137; consecutive  Not SAS 9.4
sampling

United States of

Hein et al.*®

was vague and may have
led to misinterpretation,
failing to reflect patient

ability accurately.

confidence in eyedrop
instillation, followed

by observing the
administration.

specified

cohort; cross-
sectional

America: Duke Eye
Centre and the

«Of 18 not confident, 11 used the correct technique

Durham VA Medical

Centre

«Overall, 78% demonstrated correct eyedrop instillation.

Conclusion: Self-reports and confidence levels do not confirm

correct installation; therefore, direct observation is necessary.

studies were conducted in developed countries with higher
literacy levels, which may not accurately reflect the difficulties
faced in developing countries. In addition, most studies examined
eyedrop instillation with limited focus on storage practices. Only
one study specifically addressed both knowledge of eyedrop
usage and storage, highlighting the scarcity of evidence in this
area. Consequently, eyedrop storage practices are relatively
understudied, and their impact on treatment outcomes remains
unclear, representing an important knowledge gap that warrants
further investigation.

Conclusion

This literature review confirmed that patients lack sufficient
knowledge on eyedrop administration, while evidence regarding
storage practices is limited. Where available, gaps were noted
in essential practices such as handwashing, checking of
expiry dates, discarding drops after 28-30 days depending on
manufacturer guidelines, avoiding bottle contamination, and
accurate instillation of a single drop. Poorly executed eye-drop
instillation techniques adversely affected treatment adherence.
An evident gap exists between patient education and knowledge
on proper administration, warranting improvement in healthcare
communication and information dissemination in clinical
settings. Strengthening patient education is critical for achieving
proficiency and ensuring safe practices necessary for compliance
and treatment efficiency.
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Clinical management of hirsutism: An integrated approach
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Abstract

Hirsutism, the excessive growth of coarse terminal hair in women in a male-pattern distribution, is a common condition with multifactorial
aetiology and substantial psychosocial impact. Affecting 5-15% of women of reproductive age, it is most often linked to polycystic ovary
syndrome (PCOS), idiopathic hirsutism, or, less commonly, non-classic congenital adrenal hyperplasia, androgen-secreting tumours, and
drug-induced causes. Effective management requires a comprehensive approach, beginning with accurate diagnosis through clinical scoring
systems, laboratory investigations, and imaging, where indicated. Treatment is typically multimodal, combining lifestyle modification,
cosmetic and mechanical hair removal, physical methods such as laser therapy and electrolysis, and pharmacological options including
combined oral contraceptives, antiandrogens, insulin sensitisers, and topical agents like eflornithine. Adjunctive use of herbal and emerging
therapies shows promise but requires further validation. Given the chronic nature of hirsutism, ongoing treatment and counselling are critical
to improving quality of life and addressing associated psychosocial burdens. An integrated, patient-centred approach that considers both
physical and psychological outcomes remains central to effective long-term management.

Keywords: Hirsutism, polycystic ovary syndrome, hyperandrogenism, antiandrogen therapy, laser hair removal, psychosocial impact
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Introduction

Hirsutism, defined as the excessive growth of coarse, terminal hair
inwomeninamale-pattern distribution (e.g., face, chest,abdomen,
back, upper arms, thighs), is a common and distressing clinical
condition.! It affects approximately 5% to 15% of reproductive-
aged women globally, with higher prevalence rates noted in
certain ethnic groups, including Mediterranean, Middle Eastern,
and South Asian populations.” While often viewed as a cosmetic
concern, hirsutism can significantlyimpactawoman’s psychosocial
well-being, self-esteem, confidence, and daily functioning, leading
to emotional distress, social embarrassment, anxiety, and even
depression.' This review article synthesises current understanding
of the aetiology, diagnosis, and comprehensive management
strategies for hirsutism. While specific, large-scale, national
epidemiological studies solely on hirsutism in South Africa are
limited, it is closely linked to polycystic ovary syndrome (PCOS),
which is highly prevalent in the country.

Aetiology and pathophysiology

Hirsutism is primarily a sign of underlying hyperandrogenism,
resulting from either increased androgen production, enhanced
peripheral metabolism of androgens (especially testosterone
conversion to dihydrotestosterone (DHT) by 5a-reductase), or
increased sensitivity of hair follicles to androgens. Androgens play
a crucial role in transforming fine vellus hair into coarser terminal
hair, particularly in androgen-sensitive areas.?

Key causes: Most cases of hirsutism are due to functional causes
of excess androgens, with the majority falling into a few common
categories.?

https://doi.org/10.36303/SAPJ.3650

Polycystic Ovary Syndrome (PCOS)

This is the most prevalent cause, accounting for over 70%
of hirsutism cases. PCOS is characterised by at least two of
the following: chronic anovulation, clinical or biochemical
hyperandrogenism, and polycystic ovaries. Hyperinsulinemia,
common in PCOS, triggers increased ovarian and adrenal
androgen production and decreased sex hormone-binding
globulin (SHBG) synthesis, leading to higher levels of biologically
active free testosterone.

Idiopathic hirsutism

Diagnosed by exclusion, this refers to hirsutism in women
with normal ovulatory menstrual cycles and normal androgen
concentrations. It is suggested to be due to exaggerated peripheral
5a-reductase activity, altered androgen metabolism, or androgen
receptor polymorphisms. This accounts for approximately 5-20%
of cases.?

Non-classic congenital adrenal hyperplasia (NC-CAH)

An autosomal recessive disorder, NC-CAH results from a partial
deficiency of enzymes (most commonly 21-hydroxylase) involved
in cortisol production, leading to androgen precursor shunting
into the androgen pathway. Its clinical presentation often mimics
PCOS.2 Approximately 50-70% of women with NC-CAH develop
hirsutism (increasing from adolescence into adulthood).

Androgen-secreting tumours

These are rare (0.2% of hirsutism cases) but serious causes,
presenting with rapid-onset hirsutism, Vvirilisation (e.g.,
clitoromegaly, deepening voice, increased muscle bulk, male

SAfrPharm J 2026 Vol 93 No 3
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pattern baldness, breast atrophy), or a palpable abdominal/pelvic
mass. Over 50% of these tumours are malignant.*

Drug-induced hirsutism (non-androgenic hirsutism)

Certain medications, such as anabolic steroids, danazol,
cyclosporine, diazoxide, glucocorticoids, minoxidil, phenytoin,
and valproic acid, can cause hirsutism or hypertrichosis. Hair
growth typically resolves upon discontinuation of the causative
agent.*

Other endocrine disorders

Hyperprolactinemia, thyroid disorders, and acromegaly are less
common causes of isolated hirsutism. Hyperprolactinemia has
been linked to increased dehydroepiandrosterone (DHEA) and
DHEA sulphate (DHEA-S) levels and can lower SHBG, thereby
raising free testosterone concentrations.*

Psychosocial and financial impact

Hirsutism is not merely a physical condition; it carries a substantial
psychosocial and financial burden.* Women with excessive facial
hair report negative self-perception, emotional instability, limited
social interaction, and significant distress.* The mean Dermatology
Life Quality Index (DLQI) score in hirsute females suggests a “very
large” psychosocial impact.> Patients may experience feelings
of shame, inferiority, rejection, anxiety, and depression.® The
time, energy, and funds spent on hair removal contribute to a
considerable financial burden. For example, laser therapy, despite
its effectiveness in achieving long-lasting hair reduction for
hirsutism, has huge cost implications, which can be prohibitive
for many patients.® This encompasses not only the cost of the
treatment itself but also the multiple sessions typically required to
achieve the desired treatment outcomes.®

Diagnosis and assessment

A comprehensive approach that includes a detailed history
and physical examination, along with targeted laboratory
investigations, is essential for diagnosing hirsutism and identifying
its underlying cause.

Clinical assessment
Modified Ferriman-Gallwey (mFG) score

This visual scoring system quantifies hirsutism by evaluating hair
growth in nine androgen-sensitive body areas (upper lip, chin,
chest, upper back, lower back, upper abdomen, lower abdomen,
upper arms, and thighs), with scores from 0 (no terminal hair) to
4 (extensive terminal hair) for each area, yielding a total score up
to 36.367

Ethnic variations

Cut-off scores for defining hirsutism vary significantly by racial
and ethnic background.’” For instance, a score of > 8 is considered
hirsutism in British and United States black and white women,
while it is > 9 in Mediterranean, Hispanic, and Middle Eastern

women, > 6 in South American women, and as low as > 2 for Han
Chinese women. Scores of 3-15 indicate mild hirsutism, 16-25
moderate, and > 25 severe.”

History taking

Key aspects include age of onset, progression speed,
menstrual history, fertility, weight changes, family history of
hyperandrogenism, current medications, and previous hair
removal treatments.® Rapid onset or progression, especially with
signs of virilisation, suggests an androgen-secreting tumour.®

Physical examination

This involves assessing hair type (vellus vs. terminal) and
distribution to differentiate hirsutism from hypertrichosis.®
Examination should also include anthropometric measurements
(BMI, waist circumference, blood pressure) and a skin assessment
for acne, striae, acanthosis nigricans, or signs of virilisation (e.g.,
clitoromegaly, deepening voice, male pattern baldness, breast
atrophy, increased muscle mass).6

Laboratory investigations

Androgen levels

Testing for elevated androgen levels is recommended for women
with moderate to severe hirsutism, or any degree of hirsutism if it is
sudden in onset, rapidly progressive, or associated with menstrual
irregularity, central obesity, or clitoromegaly.® Routine testing is
often not needed for mild hirsutism with regular menses. Total
testosterone and SHBG levels should be measured, ideally during
the early follicular phase. Free testosterone is the biologically
active component, but its measurement requires accurate
methods like equilibrium dialysis. High testosterone levels (> 200
ng/dL) are highly suggestive of adrenal or ovarian tumours.®

Other hormones
« DHEA-S: Elevated levels suggest an adrenal origin.

«+ 17-Hydroxyprogesterone (17-OHP): Routinely performed for
hyperandrogenic hirsutism to screen for NC-CAH.”

« Prolactin and TSH: To rule out hyperprolactinemia and thyroid
dysfunction, especially in patients with amenorrhea or other
consistent symptoms.’

Imaging

Transvaginal ultrasonography for suspected ovarian masses
(e.g., PCOS, tumours) and CT/MRI of the abdomen or pelvis for
suspected adrenal masses. Pituitary imaging may be needed for
hyperprolactinemia.’”

Treatment modalities

Effective treatment for hirsutism often involves a multimodal
approach combining physical hair removal techniques with
medical therapies (Figure 1). Patients should be informed that
hirsutism is a chronic condition, and recurrence s likely if treatment
is discontinued. Due to the hair growth cycle, pharmacological

SAfrPharm J 2026 Vol 93 No 3
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Lifestyle modification

Mechanical hair

Emerging herbal
treatments

Physical hair removal

Pharmacological
treatment « Requires further

validation

« Combined oral

« Weight loss removal
« Exercise

+ Shaving

«+ Plucking

« Waxing

«+ Bleaching

+ Depilatory creams

« Laser therapy and
intense pulsed light
- Electrolysis

contraceptives
+ Antiandrogens
+ Topical agents
+ Insulin sensitisers

Figure 1: Multimodal approaches for management of hirsutism. Different modalities, including lifestyle modification, cosmetic and mechanical hair
removal, physical methods such as laser therapy and electrolysis, and pharmacological options, are often used in combination to manage hirsutism

treatment effects typically manifest after several months (e.g., 6
months for facial hair).?

Lifestyle interventions

Weight loss and exercise

For overweight and obese women, especially those with PCOS,
lifestyle changes (diet, exercise) can significantly reduce insulin
resistance, lower androgen production, increase SHBG, and
improve hirsutism scores.®?

Shaving, plucking, waxing, bleaching, depilatory creams

These provide temporary relief but do not affect hair growth or
thickness.™

Laser therapy and intense pulsed light (IPL)

These technologies target melanin in hair follicles, inducing
thermal coagulation.

« Types: Long pulse alexandrite, Nd: YAG, diode lasers, and IPL are
commonly used."

« Efficacy: Laser therapy offers semi-permanent hair removal and
is among the most common dermatologic procedures. Studies
show 60-75% hair reduction after 4-8 IPL sessions, though
complete clearance is rare. Alexandrite laser can achieve up to
80% hair reduction, with ~95% efficacy on axilla and ~75% on
upper lip, usually requiring around five sessions.''?

« Limitations: Less effective for light/white hair due to lack of
melanin, requires multiple sessions, and carries risks of pain,
dyspigmentation, and scarring. Most effective for dark hair on
fair skin; Fitzpatrick type VI often excluded due to risk of post-
inflammatory hyperpigmentation.?

Electrolysis

The only FDA-approved permanent hair removal treatment,
involving destruction of individual hair follicles with an
electric current. Effective for all hair and skin types, though
time-consuming.® Its main limitations are time, cost, pain, and

practicality for large areas, making it best suited for targeted
treatment rather than extensive hirsutism.’?

Pharmacological treatments

Pharmacological therapies aim to suppress androgen production
or block androgen receptors and are often the first-line medical
approach, particularly for women not trying to conceive (Table

|) 1-18
Emerging herbal treatments

Research is exploring natural alternatives due to potential side
effects of conventional drugs (Table II)."%

Role of the pharmacist

Pharmacists play a crucial rolein the multidisciplinary management
of hirsutism by combining their expertise in medicines with patient-
centred care. They are often the first point of contact for women
seeking adviceand can provide education onthe underlying causes
of hirsutism such as polycystic ovary syndrome (PCOS), adrenal
hyperplasia, or idiopathic presentations.” Pharmacists counsel
patients on the available pharmacological options, including
combined oral contraceptives, antiandrogens like spironolactone
or cyproterone acetate, topical eflornithine, and insulin sensitisers,
ensuring that patients understand how these therapies work,
their expected timelines for effect (usually 3-6 months), and
possible side effects such as venous thromboembolism risk with
COCs or hyperkalaemia with spironolactone® They emphasise
the importance of adherence, discuss the need for reliable
contraception when using teratogenic antiandrogens, and
monitor for drug interactions or contraindications. Beyond
pharmacotherapy, pharmacists also provide guidance on lifestyle
modification - such as diet, exercise, and weight management -
which is particularly important in PCOS-related hirsutism, and they
help patients navigate adjunctive options like herbal remedies or
cosmetic procedures, clarifying evidence versus unproven claims.
Importantly, pharmacists recognise the psychosocial burden of
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Table |

Combined oral
contraceptives
(COCs)

Suppress luteinizing hormone
(LH) - { ovarian androgen
production; 1 hepatic SHBG
- | free testosterone'®

Antiandrogens -
spironolactone

Blocks androgen receptors; {,
adrenal androgens®®

Antiandrogens
- cyproterone
acetate

Progestin with antiandrogenic
action; inhibits 5a-reductase
and androgen receptors®

Inhibits 5a-reductase - |
conversion of testosterone
to DHT?

Antiandrogens -
finasteride

Antiandrogens -
flutamide

Non-steroidal androgen
receptor blocker®

Inhibits ornithine
decarboxyla-> | hair growth™

Topical eflornithine
(vaniqa)

Glucocorticoids Suppress adrenal androgen

production’®

Insulin sensitizers
(metformin)

GnRH Agonists

{J Insulin = | circulating
androgens'’'®

Suppress LH &FSH - |
ovarian androgen production®

Widely used as initial
treatment

Requires contraception
when used

Widely used in Europe/
South Africa (Mikiel 2020)'

Requires contraception;
less effective than
spironolactone

Not recommended by
Endocrine Society®

Must be applied twice
daily; recurrence after
stopping; enhances laser
efficacy'"?

Reserved for adrenal
causes®

Mainly for PCOS metabolic
features'®

Only for resistant/severe
cases o'°

First-line therapy; reduce hirsutism scores;’
newer progestins such as desogestrel,
drospirenone, cyproterone acetate may offer
better efficacy®'

Second-line / adjunct therapy: Effective for
hirsutism; added if COCs suboptimal after 6
months®

Second-line/alternative first-line (in
COC combinations); marked reduction in
hirsutism; often combined with oestrogen
in COCs®®

Second-line/adjunct therapy: provides
additive effect with spironolactone for
hirsutism?®

Not recommended despite efficacy due

to high risk of severe hepatotoxicity,
including acute liver failure; safer alternatives
preferred®'®

Adjunct therapy: reduces facial hair thickness
({,26%) and length ({,23%) after 24 weeks;'?
effect seen after ~8 weeks?

Indicated in NC-CAH (adrenal
hyperandrogenism); not first-line for
PCOS-related hirsutism due to systemic
side effects®

Adjunct therapy: may improve hirsutism in
PCOS,° but not first-line®

Third-line therapy: can reduce hirsutism in
severe hyperandrogenism'

Therapy _ Efficacy and indications Side Effects / Risks

Headache, nausea,

/" risk of venous
thromboembolism with
some progestins®'®

Hyperkalaemia,
menstrual irregularities,
fatigue; contraindicated
in pregnancy®'

M Risk of
thromboembolism'™

Off-label in women'

Severe hepatotoxicity,
including risk of acute
liver failure®

Local irritation: acne,
pseudofolliculitis
barbae, itching,
tingling'"'2

Long-term: weight
gain, mood changes,
osteoporosis®

Gl upset, lactic acidosis
(rare)®

Hot flashes, bone loss,
menopausal symptoms®

Tablell
Herbal/Natural treatment Proposed mechanism Evidence and efficacy

Cyperus rotundus oil

Fennel (foeniculum vulgare)
extract

Glycyrrhiza glabra (liquorice) gel

Mentha spicata (spearmint) tea

Serenoa repens (saw palmetto)

Cream

Azadirachta indica (neem) and

Zingiber officinale (ginger)

Curcuma longa (turmeric) extract

Melaleuca alternifolia (tea tree oil)

and lavender oil

Vitamin D (high-dose
supplementation)

Microbiota modulation (probiotics,

prebiotics, diet)

Oestrogenic compounds;
possible hormonal
modulation'

Oestrogenic compounds;
inhibits 5a-reductase’

Oestrogenic and anti-
androgenic activity?

Lowers free and total
testosterone'

Inhibits 5a-reductase?

Anti-androgenic and follicle
inhibitory effects®

Inhibits steroid 5a-reductase;
anti-androgenic*

Local anti-androgenic effect
(mechanism unclear)®

Hormonal regulation; {,
androgens in PCOS®

Affects hormonal regulation,
inflammation, insulin
resistance’

Promising as topical option;
more trials needed

Effect may be patient-
specific

Best studied as an adjunct

Safe, accessible dietary
approach

Limited trial data

Ginger may directly inhibit
follicle growth

Potential dual systemic +
topical benefits

Evidence limited; mechanism
still under study

More data needed on dosing
and safety

Still experimental; future
adjuvant strategy

Efficacy comparable to Alexandrite laser in reducing
axillary hair growth (dark & white)"

Shown to reduce hair thickness and growth in
idiopathic hirsutism; mixed results in PCOS patients®

Combined with Alexandrite laser: significantly
enhanced hair reduction in hirsutism'®

Clinical studies: improved perceived hirsutism in
women with PCOS™

Topical application reduced facial hair counts'
Trials: efficacy comparable to controls; reduced
testosterone and mFGS in PCOS-related hirsutism'®

Topical and oral: reduced underarm hair length,
delayed regrowth; curcumin also improves PCOS
symptoms'®

Spray combination |, hair diameter and Ferriman-
Gallwey scores in mild idiopathic hirsutism™

Improved vitamin D levels and lowered androgen
levels in women with raised BMI'>%°

Emerging evidence: possible role in hirsutism
pathogenesis'
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hirsutism, including its impact on self-esteem and quality of life,
and are well-positioned to offer empathetic support or referral to
mental health services.” By collaborating with endocrinologists,
dermatologists, and gynaecologists, pharmacists
continuity of care, contribute to safer, individualised treatment,
and ultimately empower women to manage their condition more
effectively.'

ensure

Future perspectives

Hirsutism care is moving toward mechanism-targeted,
combination, and personalised strategies that balance efficacy
with safety and quality of life. On the pharmacologic front, next-
generation anti-androgen approaches are in view: selective
androgen-receptor degraders/modulators (SARDs/SARMs) to
blunt follicular AR signalling with fewer systemic effects; topical
5-a-reductase and steroidogenic enzyme inhibitors (CYP17A1,
HSD3B, HSD17B) to localise action to skin/hair follicles; and
optimised eflornithine delivery (higher-retention vehicles,
microneedles) and fixed-dose combinations (e.g., eflornithine +
topical anti-androgen) to accelerate onset and durability.” For
PCOS-associated hirsutism, metabolic disease-modifying agents
are reshaping the terrain: GLP-1 receptor agonists (+ metformin)
and inositol isomers may reduce androgen drive indirectly via
weight loss and insulin sensitisation; future trials will clarify dose,
duration, and comparative effectiveness versus current first-line
regimens."

Energy-based devices are evolving from hair removal toward
adjunctive, protocolised regimens: newer diode/picosecond
lasers, improved cooling, and sequential laser + pharmacologic
protocols (e.g., laser + eflornithine/liquorice) aim to extend
remission intervals and benefit lighter or hormonally active hair.
Radiofrequency microneedling and photothermal combinations
are under study for refractory cases and for patients who cannot
tolerate systemic therapy.™

Biology-driven frontiers include the skin-gut microbiome-
endocrine axis, where targeted pro-/prebiotics and dietary
modulation could attenuate inflammation, insulin resistance, and
local androgen signalling. Parallel work on follicular immuno-
endocrine crosstalk (e.g., inflammatory cytokines, dermal papilla
pathways) may vyield non-hormonal topical inhibitors with
favourable safety in reproductive-age patients.'

Care delivery is trending to personalised, longitudinal
management. Pharmacogenomics (AR polymorphisms, drug-
metabolising enzymes) and digital phenotyping (standardised
photo-tracking, Al-assisted hair counts, patient-reported
outcomes) can individualise treatment selection and objectively
track response. Remote monitoring and clinical decision support
will help titrate therapy over the 3-6-month response window,
flag adverse effects (e.g., hyperkalaemia with spironolactone),
and sustain adherence. Finally, future trials are prioritising patient-
centred endpoints — time to visible benefit, remission durability,
Qol, and cost-effectiveness — so that regimens can be tailored
to fertility plans, comorbidities (obesity, insulin resistance), and
cultural/cosmetic preferences.?

The next decade will likely deliver skin-targeted anti-androgens,
smarter combinations with energy devices, metabolic disease—
modifying adjuncts for PCOS, and data-driven personalisation —
shifting hirsutism care from one-size-fits-all to precise, durable,
and patient-defined outcomes.

Conclusion

Hirsutism is a common and impactful condition requiring a
nuanced, often multidisciplinary, approach to management.
Understanding the underlying aetiology, whether it be PCOS,
idiopathic hirsutism, NC-CAH, or rarer causes, is crucial for effective
treatment.’® While cosmetic interventions provide immediate
relief, long-term pharmacological therapies are often necessary to
address the hormonal drivers of hair growth. Combination therapy,
such as eflornithine cream with laser treatment, offers superior
and faster results. Emerging herbal remedies and insights into the
microbiota offer promising avenues for future complementary
treatments."” Ultimately, successful management extends beyond
physical hair removal to include supportive counselling and
addressing the significant psychosocial and financial burdens
experienced by affected women, thereby improving their overall
quality of life. Continued research in diverse populations is
needed to validate findings, explore long-term efficacy, and refine
treatment guidelines.
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Abstract

Background: Nootropics are a wide range of substances, including prescription medications and natural supplements that are indicated for
the enhancement of cognitive function. Regulatory approaches differ locally and internationally with notable discrepancies in the regulation
of synthetic nootropics compared to natural nootropics. These differences in regulations raise concerns regarding safety, evidence standards,
and ethical use among healthy individuals.

Aim and objectives: To map the existing evidence on pharmacological classification, regulation, and ethical considerations of nootropics
globally, with specific reference to nootropics available in South Africa.

Methods: This paper employs two methodologies to examine the regulation and use of cognitive enhancers in South Africa. A comprehensive
scoping review, conducted in accordance with PRISMA and JBI guidelines, synthesised evidence from peerreviewed scientific publications
and regulatory documents. A thematic analysis of South African regulatory texts was then undertaken to identify key regulatory themes
related to cognitive enhancer scheduling and oversight. Building on these findings, two case studies were incorporated: first, a comparison of
methylphenidate scheduling across countries identified in the scoping review; and second, an evaluation of the evidence supporting the use
of two natural nootropics, phosphatidylserine and Hericium erinaceus, currently available in South Africa. Together, these approaches provide
an integrated view of the scientific evidence base and regulatory landscape shaping access to, and governance of, cognitive enhancers in the
South African context.

Results: The search returned 1686 records, from which 124 studies met the inclusion criteria. A scoping review of these studies identified
variability in global regulatory classifications, evidence requirements, and ethical stances regarding nootropic use. Most research originated
from high-income countries, with limited studies from South Africa. Thematic analysis highlighted three consistent themes: safety and efficacy,
regulatory inconsistency, and ethical considerations. The methylphenidate case study showed varied scheduling between countries, reflecting
differences in regulatory frameworks. Evidence for natural nootropics such as phosphatidylserine and Hericium erinaceous demonstrated
limited evidence, resulting in minimal support for cognitive benefits and underscoring the need for more robust clinical research.

Conclusion: The results of the study show that nootropic regulation differs significantly across countries. Synthetic nootropics such as
methylphenidate are well-regulated, but natural nootropics like Hericium erinaceous and phosphatidylserine often fall into regulatory gaps,
as the evidence supporting their cognitive benefits remains limited. Across the studies, safety, efficacy, and ethical concerns, particularly
regarding fairness and autonomy were recurring discussions. In South Africa, the lack of local data and unclear regulatory classification of

natural nootropics underscores the need for increased local research efforts and clearer guidance to support safe and responsible use.

Keywords: ATC classification, cognitive enhancers, ethics, nootropics use, regulations
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Introduction

Nootropics, also known as cognitive enhancers, are a diverse group
of substances, designed to enhance cognitive functions such as
memory, focus, and creativity.! The term was coined in 1972 by
Prof. Dr Corneliu Giurgea, following his work on the synthetic
prototype piracetam, which demonstrated cognitive benefits
without significant side effects.?? Since then, interest in nootropics
has expanded across students, professionals (including scientists
and clinicians), and military populations, contributing to a rapidly
growing global nootropics market estimated to surpass USD 4
billion by 2025.3# Despite this increased use, the efficacy, safety,
and ethical implications of nootropic use, particularly among
healthy individuals remain contested.®

Nootropics can be broadly categorised into synthetic
substances, such as methylphenidate and modafinil, and natural

https://doi.org/10.36303/SAPJ.3354

products, like Hericium erinacous (lion’s mane mushroom)
and phosphatidylserine.! However, the legal and regulatory
frameworks governing these substances differ substantially across
countries.® For example, modafinil is a Schedule IV controlled
substance in the United States under the Controlled Substances
Act, requiring a prescription, whereas in the United Kingdom it is
classified as Schedule IV under the Misuse of Drugs Regulations
of 2001, which states that possession without prescription is
not an offence but supply without one remains illegal.®” These
differences illustrate how national policies influence access and
potential misuse.

In South Africa, the regulatory landscape is shaped by the
Medicines and Related Substances Act 101 of 1965 (MRSA). The
South African Health Products Regulatory Authority (SAHPRA)®
operates under the Act's provision as the national regulator for
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all health products, ensuring they are safe, effective, and of good
quality before reaching the public. Through this mandate, it
protects public health, prevents misuse of prescription medicines,
and oversees the lawful sale and use of medical products.

Synthetic nootropics such as methylphenidate are scheduled
medicines that require a prescription in South Africa, while natural
nootropics such as Hericium erinaceous and phosphatidylserine
are sold as over-the-counter supplements that are less stringently
regulated.? This regulatory gap was highlighted by a 2022 South
African Supreme Court of Appeal ruling, which noted that many
natural or plant-based products do not fall under the MRSA's
definition for a medicine that is broadly defined as any substance
used or claimed to diagnose, treat, prevent disease, or alter bodily
or mental functions.® As a result, the Court called for a more suitable
regulatory approach for natural health products, including those
used in traditional medical systems.

In the context of nootropics, the absence of standardised
regulations for unscheduled and natural nootropics poses
significant challenges in ensuring responsible use and guiding
the development of safe and effective cognitive-enhancing
therapies.’® Standardised international classification systems
also lack consistency. The World Health Organization’s (WHO)
Anatomical Therapeutic Chemical (ATC) Classification System
provides classification for recognised drugs based on their
therapeutic, pharmacological, and chemical properties.™
Methylphenidate and modafinil for example, fall under NO6BA
(psychostimulants), while many natural nootropics have no ATC
classification at all, leaving them in regulatory grey zones.™

Ethical concerns associated with nootropic use include issues
of autonomy, fairness, and potential coercion, particularly in
academic and professional settings where individuals may
feel pressured to use them to maintain competitiveness,
thereby blurring the line between voluntary and socially driven
use.'*"® Additionally, cost disparities may create inequitable access,
raising concerns about distributive justice.’ These considerations
underscore the need for regulatory frameworks that promote
safety while respecting individual choice and ensuring equitable
access.

This scoping review therefore aims to conduct a situational
analysis of the use and regulation of scheduled and unscheduled
nootropics in South Africa and internationally and is organised
around four core research questions:

1. Pharmacological classification: How are nootropics classified
within the South African and global pharmaceutical markets?

2. Regulatory framework: What regulatory frameworks govern
nootropics in South Africa and globally?

3. Benefits and challenges: What are the potential benefits,
challenges, and ethical considerations associated with
nootropics use in South Africa and globally?

4. Case study analysis: What is the regulatory status and evidence
base for the indication of two natural nootropics available in
South Africa?

By addressing these research questions, this review clarifies
the evolving landscape of nootropic regulation, highlights the
ethical considerations surrounding cognitive enhancement, and
evaluates the scientific evidence guiding the responsible use of
nootropics.

Methodology

Study aim, design, and setting

Aim

This study aimed to comprehensively examine the

pharmacological classification, regulation, safety, efficacy, and
ethical considerations of natural and synthetic nootropics in the
global context, with a specific focus on South Africa.

Design

A multi-method design was used, consisting of a scoping
review conducted according to the Joanna Briggs Institute
(JBI) methodology and reported in line with PRISMA-ScR
guidelines."® Two case studies were conducted. The first
examined the international scheduling of the synthetic nootropic
methylphenidate, and the second examined the scientific
evidence supporting the safe use of two natural nootropics found
in South Africa, Hericium erinaceous (lion's mane mushroom)
and phosphatidylserine. A qualitative thematic analysis of South
African regulatory documents was also conducted.

Setting

The study examined the global landscape of nootropic use and
regulation, with an emphasis on South African policies, requlatory
frameworks, and market availability.

Description of scoping review processes, interventions
and comparisons

Eligibility

Eligibility criteria were informed by the Population-Concept-
Context (PCC) framework. The population included individuals
using or considering nootropics for cognitive enhancement. The
concept focused on pharmacological classification, regulation,
scheduling systems, safety, efficacy, and ethical concerns related

to nootropic use. The context encompassed both global and
South African regulatory and ethical environments.

Included studies comprised original research, reviews, guidelines,
editorials, commentaries, case reports, and policy documents
addressing classification, regulation, safety, efficacy, or ethical
aspects of nootropics. Relevant grey literature on South African
regulation was also considered. There were no restrictions
on publication period or clinical setting. Articles unrelated to
nootropics or their regulation, as well as non-English publications,
were excluded. The final search was completed on 12 July 2024.

Search strategy

A comprehensive, multi-session search was conducted across
PubMed, Scopus, and Web of Science between 1-12 July 2024,
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Searches used combinations of controlled vocabulary and
keywords, including:

+ nootropics, cognitive enhancers, smart drugs

- regulation, classification, ethics, policy.

Boolean operators (e.g., (nootropics OR “cognitive enhancers”)
AND (regulation OR ethics OR safety)) were applied consistently.
Reference lists of included studies were screened to identify
additional sources.

Manuscript selection and data extraction

All search results were imported into EndNote for reference
management and transferred to Rayyan Al for screening. Duplicate
records were removed. Two reviewers (MK, NS) independently
screened titles and abstracts, and disagreements were resolved
by a third reviewer (MP). Full-text screening followed the same
process.

Data charting followed JBI guidelines and included: authorship,
year of publication, study type and level of evidence, nootropic
class investigated, regulatory or ethical focus, country of origin,
and key findings related to safety, efficacy, and regulation.

Data charting, collation, summarization, and synthesis

Data was charted into structured tables. Findings were
synthesised descriptively, focusing on: global trends in nootropic
classification and regulation; safety and efficacy evidence; ethical
considerations; country-specific regulatory frameworks and
scheduling patterns. Narrative synthesis was used to contextualise
similarities, differences, and gaps across jurisdictions.

Quality assurance and statistical analysis

Cohen’s Kappa was calculated to assess inter-reviewer agreement
during both title/abstract and full-text screening. Descriptive
statistics were used to summarise study characteristics (e.g.,
publication types, geographic distribution).

Qualitative thematic analysis of South African regulatory
documents

A qualitative thematic analysis was conducted to identify
regulatory principles governing nootropics in South Africa.

The document set included key legislations, and SAHPRA
guidelines.®2

Table I: Inclusion criteria for selecting articles to be included in the

scoping review
Inclusion Criteria 1. Articles written in the English language only

2. All peer-reviewed publication types and selected
grey literature

3. Studies conducted in healthy humans

4. Studies related to the use or regulation of
nootropics

Analytical process

Documents were imported into ATLAS.ti., open coding was
conducted to identify regulatory concepts, supported by Al-
assisted coding suggestions. Codes were grouped using axial
coding to develop broader categories. Final themes were
generated through comparison across documents. Themes were
integrated with scoping review findings to contextualise the
South African regulatory landscape.

This process enabled identification of key regulatory problems,
including scheduling inconsistencies, gaps in oversight of natural
products, and evolving frameworks for complementary medicines.

(Case study methodology

Case Study 1: Methylphenidate scheduling across
countries

Countries identified in the scoping review formed the basis of
comparative analysis. National legislation, scheduling schedules,
and regulatory databases were reviewed. A numerical coding
system was used to compare scheduling classes, prescription
requirements, and restrictions on off-label use.

Case Study 2: Natural nootropics in the South African
market

Two commonly used natural nootropics, Hericium erinaceous and
phosphatidylserine, were selected. A targeted literature review
examined: mechanisms of action, recommended dosages, safety
and adverse effect profiles, clinical efficacy evidence, regulatory
status in South Africa and comparable jurisdictions.

Findings were synthesised to evaluate their suitability within
current regulatory frameworks.

Ethical considerations

Although no human participants were involved in this study,
ethical approval was obtained through the University of Pretoria’s
Faculty of Health Sciences Research Ethics Committee (REC).
(Reference 176/2024). Approval was granted on 11 April 2024 and
remained valid for a period of one year only until 11 April 2025.

Limitations
This review has several limitations.
Language bias: Only English-language publications were included.

Publication bias: Reliance on peer-reviewed literature may exclude
relevant unpublished data or grey literature sources.

Limited high-quality evidence: Few randomised controlled trials
or systematic reviews specifically addressed nootropic use and
regulation.

Rapidly evolving field: Given the fast-paced nature of nootropic
research, policies and classifications may change after the search
period. No data restrictions were applied, allowing inclusion of
both historical and current data.
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Results

Summary of the literature search

( )

Case Study 1: Methylphenidate

+ Methylphenidate was the most frequently referenced prescription
nootropic in South African literature.

« It was selected for comparative analysis of regulatory classifications
across different countries.

+ The analysis examined:
= Scheduling category of methylphenidate in each country.
= Availability with or without a prescription.
= Legality of off-label use in each jurisdiction.

+ Regulatory classifications vary globally, for example:
= Schedule 1 in the Netherlands.
= Schedule 8 in Australia.
= Schedule 6 in South Africa.

« Inall countries studied, methylphenidate:
= Requires a prescription for legal access.
= Is not legally available for off-label use.

\ v

A total of 1686 references were retrieved across all the selected
databases (Figure 1). After removal of 609 duplicates, 1077
articles remained for title and abstract screening. Of these, 823
articles were excluded, resulting in 254 articles progressing to
full-text retrieval. Full texts could be obtained for 173 articles, of
which 124 articles met the inclusion criteria for the final scoping

review. Inter-reviewer agreement calculated using Cohen’s Kappa
statistic demonstrated moderate agreement for title and abstract
screening (k = 0.415, p < 0.001) and slight agreement for full text
screening (k =0.150, p < 0.001).

Characteristics of the study

Details of the included studies are listed in Table Il a and b. The
list of 124 papers and full publishing details can be found in
the Supplementary material appendices. The 124 included
studies demonstrated substantial methodological and thematic
heterogeneity. Narrative reviews (25%; n =31) and commentaries/
editorials (12%; n = 15) were the most common study designs,
while 46% (n = 58) of articles were categorised as “other” or non-
specified. The majority of studies were classified as level V (43%; n
=53) or VIl (28%; n = 35) evidence.

Geographically, 61% (n = 76) of studies originated from high-
income countries, with the United States (27%; n = 33) and United
Kingdom (15%; n = 18) most represented. The remaining studies
were conducted in middle- and low-income countries. Only
three studies (2%) included data directly relevant to South Africa,
highlighting a substantial evidence gap.

Regarding populations, studies most frequently focused on
healthy adults (36%; n = 44) and students (20%; n = 25), although
several examined multiple groups.

Identification of studies via databases and registers

Records identified from:

Databases (n = 4)

Databases 1: PubMed (n =412)
Databases 2: Web of Science (n = 970)
Databases 3: Scopus (n = 304)

Total Records Identified (n = 1 686)

v

<
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2
[ ]
v
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£
c
[T}
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Records removed before screening:
Duplicate records removed (n = 515)
Records marked as ineligible by
automation tools (n = 0)

Records removed for other reasons (n = 0)

Records screened

v

Records excluded
(n=893)

(n=1171)

Cohen’s Kappa Statistic for title &

Reports sought for retrieval

(n=254)
L

Reports assessed for eligibility

v

Reports not retrieved
(n=81)

(n=173)

Studies included in review
(n=124)
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Figure 1: PRISMA-ScR flow diagram'®

v

Reports excluded: (n = 49)

Reason 1: Wrong outcome (n = 28)
Reason 2: Wrong population (n = 18)
Reason 3: Wrong language (n = 2) etc.
Reason 4:Wrong drug (n=1)

|
|
| abstract screening
1 All:p<0.001

. Cohen’s Kappa Statistic for full
| text screening
' All: p < 0.001
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Table Il (a): Characteristics of studies on cognitive enhancers (n = 124)

% of peer wed Number of
publications publications (n)

COUNTRIES

High income countries

United Kingdom 19% 33
United States of America 18% 32
Italy 8% 14
Upper-middle-income countries

South Africa 1.1% 2

India 5.1% 9

Level | 6% 7

Level Il 5% 6

Level Ill 2% 3

Level IV 13% 16
Level V 42% 52
Level VI 11% 13
Level VII 22% 27
Healthy individuals 35% 43
Students 20% 25
Professionals 8% 10
Clinicians 8% 10
Military 7% 9

Employees 6% 7

Academics 5% 6

Athletes 2% 2

Other 9% 1
Methylphenidate 17% 21
Modafinil 16% 20
Amphetamine 12% 15
Caffeine 8% 10
Piracetam 5% 6

Functional classification of non-ATC nootropics

Dietary supplements 24% 30
Herbal nootropics 28% 34
Amino acids 6% 7
Stimulants 8% 10
Other 39% 47

Methylphenidate (37%; n = 45) and modafinil (28%; n = 34) were
the most frequently discussed substances under ATC code NO6BA.
Among non-ATC classified substances, dietary supplements
(12 mentions) and herbal nootropics (10 mentions) were most
common.

Thematically, ethical considerations were most prevalent (42%; n
= 44), followed by safety and efficacy concerns (30%; n = 37), and
regulatory challenges (25%; n = 31). Studies addressed an average,
of 1.85 themes, highlighting the multifaceted nature of cognitive
enhancement.

These findings illustrate the international regulatory strictness
surrounding prescription

The scheduling classification, prescription requirements, and
legality of off-label methylphenidate use across various countries
are illustrated in Figure 2.

~
Case study 2: Hericium erinaceous( lion’s mane mushroom) and

phosphatidylserine
+ Lion's mane mushroom was mentioned in 6 studies, but only 1
study explored it in depth.
= The key study by Saitsu et al.:23
o Randomised, double-blind, placebo-controlled trial.
o Evaluated cognitive improvements over 12 weeks in healthy
individuals.
> Found significant improvements in cognitive
function and neuroprotection.
= Other articles described its neuroprotective and memory-
enhancing properties.2+%
= However:
o Clinical trials are limited.”
o Current evidence is insufficient to confirm safety and efficacy in
healthy populations.”
= Phosphatidylserine (PS)
= PS was mentioned in 4 studies, and discussed in detail in 3 studies.
= One study noted that the overall evidence for cognitive efficacy and
neuroprotection is weak.2+262630
= Glade et al. reported that:>'
> Doses of 300-800 mg/day are considered safe and potentially
effective for cognitive support.

Thematic analysis

The thematic analysis of the scoping review and Al-coded
themes revealed significant convergence across several key
areas in cognitive enhancer research. Ethical considerations
emerged as the most prevalent theme in the scoping review
(42% of studies), aligning closely with the high frequency of
“Ethics” (16 occurrences) in the Al analysis. This convergence
underscores the centrality of ethical debates in the field of
cognitive enhancement. Safety and efficacy concerns ranked
second in the scoping review (30%), reflecting the importance of
these issues in the literature. While not explicitly coded as such
in the Al analysis, these concerns likely contribute to the high
frequency of “Health Care” (45 occurrences) and “Compliance” (17
occurrences) themes. Regulatory challenges, identified in 25.%
of scoping review studies, showed strong alignment with the Al-
coded themes of “Legal” (159 occurrences) and “Regulation” (49
occurrences). This convergence highlights the significant focus on
legal and regulatory aspects of cognitive enhancers across both
analyses. To quantify the thematic convergence, we calculated a
simple convergence ratio. Convergence ratio = Number of aligned
themes / Total number of unique themes =4/ (15+16-4)=4/
27 = 0.148 or 15%. This moderate level of convergence suggests
reliability in the identified themes while also indicating areas of
divergence that merit further investigation. Clustering related
themes revealed broader categories:
1. Ethical and social issues: Encompassing ethical considerations,
societal concerns, fairness and equity, social justice, and human
rights.
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== Methylphenidate Schedule

Country

Egypt

Korea

Colombia

Malaysia

Iceland

Hungary

Saudi
Arabia

Austria

Talwan

Ireland

France

Zealand
Puerto Rico
Belglum
UAE

Portugal
Turkey

KEY: Spain

« Scheduling level: Scale 0-8 (higher = stricter regulation)
« Prescription required: 0 =Yes, 1 = No
+ Off-label use: 1 = Legal, 2 = lllegal

=a=Prescription requirements
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Figure 2: Radar chart illustrating the scheduling classification, prescription requirements, and legality of off-label methylphenidate use across various

countries

2. Regulatory and legal issues: Including regulatory challenges,
legal and access issues, compliance, and health regulations.

3. Health and safety: Covering safety and efficacy concerns, health
concerns, and long-term effects.

4, Practical applications: Developing policies to guide the use of
cognitive enhancers in academic/professional settings.

Unique themes emerged from each analysis, pointing to areas for
further research. The scoping review highlighted themes such as
substance abuse potential and neurobiology of cognition, while
the Al analysis identified themes like professional conduct and

human rights. These differences suggest potential gaps in the
current literature and opportunities for more comprehensive
research approaches. In conclusion, the convergence of themes
across both analyses reinforces the multifaceted nature of cognitive
enhancer research, emphasising the need for interdisciplinary
approaches that address ethical, legal, health, and societal
implications simultaneously. Figure 3 presents a network view of

the themes identified through and visualised using Atlas.ti.
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acteristics of studies on cognitive enhancers (n = 124) Key Themes* Total themes: 230
Ethical considerations 52 (41.9%)
(%) information Safety and efficacy 37 (29.8%)

Study designs concerns
Review (narrative) 31 (25.0%) Regulatory challenges 31 (25.0%)
Commentary/Editorial 15 (12.1%) Societal concerns 22 (17.7%)
Debate/Discussion 7 (5.6%) Cognitive enhancement 20 (16.1%)
in academic/professional

Cross-sectional studies 6 (4.8%) settings

Systematic reviews 4(3.:2%) Legal and access issues 15(12.1%)
0
RCTs 3(2.4%) Benefits vs. risks analysis 10 (8.1%)
i 0y
Other/Not specified 58 (46.8%) Fairness and equity in 9.(7.3%)
Level of evidence access and use
| 6 (4.8%) Health concerns 8(6.5%)
1] 5 (4.0%) Increased use of 7 (5.6%)
I 2(1.6%) nootropics
v 10 (8.1%) Substance abuse 5 (4.0%)
potential
V 53 (42.7%) .
Coercion and autonomy 4 (3.2%)
Vi 13 (10.5%) o
Public policy implications 4 (3.2%)
Vil 35 (28.2%)
. o . Long-term effects 3(2.4%)
Geographical distribution Total studies: 124
— . ) Neurobiology of 3 (2.4%)
High-income countries 76 (61.3%) cognition
United States 33(26.6%) Mode of ATC classification of nootropics Total mentions:
geographical 101
focus .
NO6BA (Centrally acting 72 (71.3%)
United Kingdom 18 (14.5%) sympathomimetics)
Canada 7 (5.6%) Methylphenidate 37 (36.6%)
Germany 5 (4.0%) (NO6BA04)
Switzerland 5 (4.0%) Modafinil (NO6BAQ7) 28 (27.7%)
Australia 3 (2.4%) Amphetamine 7 (6.9%)
NO6BAO1
Other high-income 5 (4.0%) ( )
e R — 7 (5.6%) NO06BC (Xanthine derivatives) 14 (13.9%)
South Africa 5 (4.0%) Caffeine (NO6BCO1) 14 (13.9%)
Poland 1 (08%) NO6DA (Anticholinesterases) 9 (8.9%)
.0/0,
Turkey 1(0.8%) Donepezil (NO6DA02) 9 (8.9%)
Lower-middle-income countries 2(1.6%) NO6BX (Other psychostimulants and 6 (5.9%)
nootropics)
India 2 (1.6%) :
Piracetam (NO6BX03) 4 (4.0%)
Low-income countries 0 (0%)
Others 2 (2.0%)
Not specified or multiple 39 (31.5%) . L . .
Functional classification of non-ATC nootropics Total mentions:
Population focus* 42
Healthy individuals 43 (35.5%) Dietary 12
Students 25 (20%) Supplements
Professionals 10 (9.7%) Herbal 10
. § Nootropics
Cognitive disorder 7 (5.6%)
patients Amino Acids 5
Athletes 2(1.6%) Stimulants 8
Elderly 2(1.6%) Other 7
Healthcare workers 1(0.8%) *Note: Some studies focused on multiple populations or themes, so percentages may
o sum to more than 100%.
Clinicians 10 (8%) Statistical analysis
Aeadlamfies 6 (5%) Total number of studies: 124
Total number of populations: 127 (mean: 1.02 populations per study)
Not specified 28 (22.6%) Total number of key themes: 230 (mean: 1.85 themes per study)

Total number of nootropics mentioned: 114 (72 ATC classified, 42 non-ATC classified)
Mean number of nootropics per study: 0.92
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Discussion
Global patterns of nootropic use and evidence gaps

This scoping review reveals the complex landscape of nootropic
use and regulation, and the rapidly expanding volume of literature
on nootropics, with research output surging from 2013 onwards.
This growth reflects increasing public interest in cognitive
enhancement, particularly among healthy individuals, students,
professionals such as scientists and clinicians, military personnel,
and users of traditional medicines.3234 Maier et al. reported that
20% of respondents across 60 countries had used cognitive
enhancers off-label, highlighting the international relevance of
this topic.®

Despite the breadth of publications, the strength of evidence
remains limited. Most included studies were narrative reviews
or commentaries of lower evidence levels, and high-quality
clinical trials were limited. As a result, the safety and efficacy of
many widely used nootropics particularly in healthy populations
remains uncertain.® Although some studies suggest that
nootropics demonstrate cognitive benefits in clinical or impaired
populations, translating these findings to healthy users is complex
and insufficiently supported by robust research.>”

The literature on nootropics also reveals a geographical skew, with
a disproportionate focus on higher-income countries, particularly
the United States and the United Kingdom. This bias underscores
the need to expand more research efforts into low- and middle-
income countries, to develop a comprehensive understanding of
nootropic use and regulation across varying socioeconomic and
cultural settings.

Global regulatory challenges and divergence

The regulatory landscape for nootropics varies significantly across
countries. This was demonstrated by the methylphenidate case
study which showed the variation of the drug’s classification
between Schedule 1 to Schedule 8, depending on the jurisdiction.

A further regulatory challenge is the inconsistent application of
established classification systems, such as the WHO ATC system."
While synthetic agents are classified within the framework, many
natural nootropics are not. This absence of uniform classification
presents challenges for regulatory bodies in assessing and
managing these substances effectively.

South African context: Regulation, evidence, and gaps

Although the study aimed to examine nootropic use within South
Africa, only three studies originated from the country. This limited
evidence reflects the urgent need for more comprehensive studies
to be conducted in South Africa.

The document analysis of key South African regulatory texts
provided valuable insights.2'*22 South Africa’s primary medicines
legislation (MRSA Act 101 of 1965) is designed specifically for
regulating synthetic pharmaceuticals.® This creates a regulatory
gap for complementary medicines, natural health products and

traditional medicines. The 2022 South African Supreme Court of
Appeal ruling confirmed that alternative health products require
a separate regulatory pathway, thus reinforcing the concerns
about ambiguity in oversight of natural nootropics.® Linking these
regulations to the Constitution is crucial for creating regulatory
frameworks that are effective, protect consumer safety, and
ensure fair access to these substances.

Case study implications for South Africa

The two natural nootropics examined, Hericium erinaceous and
phosphatidylserine, illustrate thislaxinthe South Africanregulatory
framework. Both substances are marketed locally as cognitive
enhancers, yet neither is regulated under the same stringent
standards applied to Schedule 6 medicines like methylphenidate.
Preclinical and small-scale clinical studies suggested potential
cognitive benefits for both of these natural nootropics, but the
evidence is limited, inconsistent, and based on small sample
sizes.3®4° Because these products fall into a grey area between
complementary medicines and unregistered supplements, their
regulatory status in South Africa remains unclear, raising concerns
about product quality, safety, and efficacy.>

Ethical, social, and equity considerations

Across the literature and regulatory documents analysed, ethical
considerations emerged as a dominant theme, with the key
concerns including autonomy, fairness, and coercion.'*#' This
is due to increasing accessibility of cognitive enhancers which
may result in individuals feeling pressured to use nootropics
in competitive environments, exacerbating societal pressures
to use these substances.”? With regards to fairness, unequal
access to cognitive enhancers could disadvantage lower-income
groups.” These issues are particularly relevant in South Africa,
where socioeconomic inequalities may amplify already existing
disparities if access to cognitive enhancement results in the
creation of unequal opportunities. This highlights the importance
of addressing distributive justice in the broader conversation
about nootropics use.

Conclusion

The findings of this review highlights the complex and evolving
landscape of nootropic use and regulation, revealing significant
gaps in evidence, inconsistent regulatory frameworks, and ethical
concerns. Regulation of synthetic nootropics is well-defined
under established pharmaceutical legislation, whereas natural
nootropics including Hericium erinaceous and phosphatidylserine
often fall into regulatory grey areas, creating uncertainties around
safety, efficacy, and consumer protection.*

Ethical concerns related to fairness, autonomy, and socioeconomic
inequality, emerged as dominant themes, particularly in academic,
professional, and other competitive environments. The growing
availibility of cognitive enhancers may exacerbate pressures to
use them, emphasising the importance of effective regulations
and evidence-based guidelines.
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As interest in cognitive enhancers continues to rise, coordinated
scientific research, the development of ethical frameworks, and
clear regulatory policies will be essential to protect public health
while promoting equitable access and responsible use. The limited
number of studies from South Africa (n = 3) further underscores
the need for locally relevant research to inform policy and practice.

Recommendations for future research

Based onthe findings and limitations of this scoping review, several
recommendations for future research can be made. Robust efficacy
and safety evidence: High-quality randomised controlled trials are
needed to establish the benefits, risks and potential interactions
of both synthetic and natural nootropics, especially in healthy
populations and over long-term use” Global representation:
More research from low- and middle-income countries is required
to counter geographic bias and provide a more comprehensive
understanding of global nootropic use and regulation. Regulatory
development and evaluation: Studies should explore regulatory
frameworks capable of distinguishing between prescription-
based nootropics and natural or dietary products, and assess how
these frameworks can balance safety with accessibility.*' Quality
and standardisation of natural nootropics: Research should
focus on standardised formulations, quality control, and product
consistency to support safe, evidence-based use. Interdisciplinary
approaches: More holistic and informed policies or practices
should be developed by combining neuroscience, pharmacology,
ethics, law and public health.*
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SA Association of Hospital and Institutional Pharmacists

“Learn from yesterday, live for today” — Albert Einstein

Dr Seshnee Moodley
President, SAAHIP

The 2025/2026 ~ SAAHIP  term
had been both demanding and
rewarding. It required us to return to
first principles, reaffirm our purpose,
and realign our activities to the
evolving needs of the profession. This
process reinforced a clear message:
the future of hospital pharmacy is
relevant and promising but also
depended on the strong foundations "
laid out by previous leaders. Our A JL
work has continuously been guided

by SAAHIP’s four foundational pillars

i.e., collaboration, shared vision, commitment, and innovation. Well on
our way into the 2" quarter of 2026 and the new term 2026/2027, my
hope is that there is renewed vigour and focus for the plans that we
previously set out as SAAHIP.

| have been fortunate enough to be elected to my 2™ term of office
as the President, during our National AGM which took place on 14
March 2026 and looking forward into 2026, SAAHIP has been invited to
collaborate on two exciting National Pharmaceutical conferences i.e.
South African Pharmaceutical Exhibition (SAPHEX) and South African
Pharmacy Council (SAPC). These important collaborations will allow
us to showcase hospital pharmacy and what the future of hospital
pharmacy holds.

SAPHEX took place recently and the overall theme was ‘Uniting Health
Care Professionals. The SAAHIP session was incredibly successful and
provided a platform for our hospital pharmacists to showcase their
success stories, followed by a robust panel discussion. | thank our 3
session speakers and session chair, Mr Kesentseng Jackson Mahlaba,
for ensuring the chosen session theme was achieved i.e. ‘Celebrating
Success Stories in Hospital Pharmacy: Demonstrating Value,
Innovation, and Impact!

Across South Africa, hospital pharmacists have led innovations in
clinical governance, antimicrobial stewardship, patient safety and
service transformation. The SAAHIP session aimed to honour and
showcase these successes from hospital pharmacists who have driven
measurable improvements in patient outcomes, introduced novel

service models, and demonstrated leadership in interdisciplinary
healthcare. The topics presented in the session were:

1. Building Stewardship Culture: Successes from Antimicrobial
Stewardship Teams in Public Sector Hospital. Lebogang Molepo,
Pharmacist at Pietersburg Hospital

2. Collaborative Clinical Pharmacy Models in Hospital Care. Kim
Nagoor, Pharmacist at Netcare Digital Clinical Pharmacy Unit

3. Leading Change from Within: Pharmacists as Innovators in
Resource-Constrained Hospital Settings. Bandela Mgogqi, Pharmacy
Manager at Kalafong Tertiary Hospital

We were also afforded the opportunity to join the 80" birthday
celebrations of our Pharmaceutical Society of South Africa (PSSA)
at SAPHEX. In preparation for the congratulatory message from the
SAAHIP sector, | embarked on some research of the longstanding
relationship between PSSA and SAAHIP. In 1946 the different branches
of the South African Pharmacist’s association amalgamated and
became the PSSA, and in 1957 SAAHIP, a sector of the PSSA was
formed. My research and reading took me back to the oldest journal
articles that | could obtain from the online South African Pharmacy
Journal (SAPJ) portal (2006) and | was also handed a presentation and
other archives (2007) from SAAHIP Past President, Dr Andy Gray.

Reading these past publications and information, | was transported
on a pharmacy journey. | marvelled at past president’s messages
and words of encouragement. | chuckled when | read another
past president’s Forum write-up, where he mused that the hardest
part of his Presidency is writing these Forum articles, which was
totally relatable. The journey of pharmacy in South Africa was well
documented, detailing our positions over the decades, the challenges
experienced, and the solutions proposed. It was easy for me to see the
evolution that has taken place. It gave me renewed hope, made me
feel better equipped as a leader in the current times and highlighted
that | am not alone as | am surrounded by these amazing leaders and
the wealth of knowledge that they have.

The hospital pharmacy profession has evolved from dispensing to a
more clinical approach. We have moved into the pharmaceutical care
era, where pharmacists are able to influence medication prescribing,
medication administration and overall medication outcomes of the
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patient. We are now valued members of the multi-disciplinary team,
involved with clinical decisions, able to provide sound drug interaction
analysis and medication reconciliation whilst also providing
comprehensive counselling for the patients along with efficient
health education. We would never have reached these milestones in
healthcare if we didn't evolve, improve or learn from the past.

I have often heard we stand on the shoulders of giants in the SAAHIP
space and | personally, am incredibly grateful to all the leaders that
have come before me. | have also been very intentional in preserving
their work and using it as a guiding force or strong foundation for

my vision, term and the future of pharmacy. Older practises hold
significant value. | encourage you to do similar in your practise. Like
the above quote from Einstein, the past is there for us to learn from,
if we dwell in it - then we will unfortunately not move forward. If we
use it as a foundation and learning block, then we can improve and do
better! Pharmacists are resourceful and resilient and have managed to
move themselves out of the basements of hospitals, solely responsible
for drug supply and procurement to being a valued and trusted clinical
member of the healthcare team, advisor and patient care advocates.
We truly have been able to learn from the past and seize the current
day!

The South African Association of Hospital and Institutional Pharmacists (SAAHIP)
38" Annual Conference and 70" Annual General Meeting

11-13 March 2027
Operation 3i’*

Advancing Pharmaceutical Services
innovate, integrate, improve

Conference Announcement

About the SAAHIP Conference

The South African Association of Hospital and Institutional Pharmacists
(SAAHIP) hosts an annual conference that brings together hospital and
institutional pharmacy personnel to explore the latest advancementsin
hospital pharmacy practice. This event serves as a platform for hospital
and institutional pharmacists and pharmacist assistants to exchange
knowledge, share research findings, and discuss emerging trends
in medication management, patient safety, and healthcare policy.
SAAHIP continues to focus on continuous professional development.
The 2027 conference will feature a variety of academic and practice-
based podium and poster presentations, pearl presentations,
workshops, keynote presentations, and networking opportunities,
offering valuable insights into enhancing pharmacy services across
South Africa.

Advancing Pharmaceutical Services: Innovate - Integrate -
Improve

The Northern Gauteng Branch of SAAHIP is pleased to announce the
2027 conference, where we will explore the evolving role of hospital
and institutional pharmacy within South Africa’s changing health
system landscape. As the country advances towards universal health
coverage, new policy directions continue to shape the delivery of
pharmaceutical services.

In this evolving policy and regulatory environment, it is imperative
for hospital and institutional pharmacists to adapt and lead. This
conference will provide a platform to examine how technological
advancements, automation, and integrated healthcare systems can
enhance patient care, optimise pharmacy practice, and strengthen
pharmaceutical services in alignment with emerging national health
priorities.

Invitation

We invite researchers, practitioners, and industry experts to submit
abstracts that contribute to this critical discourse and help shape the
future of hospital and institutional pharmacy in South Africa. Join us
as we Innovate - Integrate - Improve pharmaceutical services for
the betterment of healthcare.

When: 11-13 March 2027
Venue: Location to be confirmed at a later date

Theme: OPERATION 3i* - Advancing Pharmaceutical
Services: Innovate - Integrate - Improve

Abstract Submission via: https://conference.saahip.
org.za/submit-abstract (https://conference.saahip.org.
za/submit-abstract)
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The South African Association of Hospital and
Institutional Pharmacists (SAAHIP)

* 38" Annual Conference and 70" Annual General Meeting
11-13 March 2027

Operation 3i’*

Advancing Pharmaceutical Services
innovate, integrate, improve

Call for Abstract

The healthcare landscape is undergoing great transformation,
driven by rapid technological advancements, evolving healthcare
policies, and the increasing need for integrated, patient-centred
pharmaceutical services. This landscape brings forth new opportunities
for personalised medicine, automation, artificial intelligence, data-
driven decision-making, and digital health solutions. As South Africa
progresses towards the implementation of the National Health
Insurance, hospital and institutional pharmacists must innovate,
integrate, and improve pharmaceutical services to ensure efficient
and effective pharmaceutical care within a restructured healthcare
system.

Abstracts submission: https://conference.saahip.org.za/submit-abstract

This conference aims to provide a platform for knowledge exchange,
discussions, collaborations, and equipping hospital and institutional
pharmacy personnel with the insights and tools needed to thrive in
this transformative era.

We invite researchers, pharmacy personnel, managers, and thought
leaders to submit abstracts (https://conference.saahip.org.za/submit-
abstract/) for a podium or poster presentation (academic, scenario,
quality improvement project), a pearl presentation and or a workshop/
symposia/seminar that contribute to this vital discourse and shape the
future of hospital and institutional pharmacies in South Africa.

Categories for submission of abstracts

Sub-themes Category

Access to medicines s .
institutional settings.

Supply chain resilience, medicines availability, logistics and procurement strategies and ensuring equitable access in

Management and prevention of communicable and non-communicable diseases using strategies such as, but

Patient-centred care
counselling.

Evidence-based practice
Digital health solutions .
pharmacy practice.

Sustainable resource

management inadequacies.

Legislative readiness

not limited to personalised pharmacotherapy, pharmacogenomics, vaccines, medication adherence and patient
Implementation of clinical guidelines and best practices including real-world evidence and health outcomes research.
Analysis of economic evaluations and cost-effectiveness in pharmaceutical care.

Digital health technologies e.g. tele-pharmacy, mobile applications, and electronic health records, in optimising

Readiness to thrive in high service-demand environments experiencing resource challenges and workforce

Current and future strategies to navigate legislation, regulation and policies within the South African context.

The above sub-themes are by no means an exclusive list. Other topics may be worthy of presentation.

Important Dates

Description Dates
30 September 2026
1 October - 30 November 2026

Abstract submission deadline

Abstract review

Notification of abstract submission outcome 15 November 2026

SAfrPharm J 2026 Vol 93 No 3



Cum Laude

Academy of Pharmaceutical Sciences

Pedagogies of practice: Where knowledge meets action

Mariam Parker (PhD)

School of Pharmacy, University of the Western Cape

Mariam is the recipient of the Distinguished Teacher Award, awarded at the APSSA Conference in 2025.

Pharmacy  education  occupies
a distinctive and demanding
pedagogical space. It asks learners
to integrate scientific knowledge
with regulatory competence, ethical
reasoning and human engagement,
all within health systems where
complexity is routine and certainty
is a luxury. Graduates are expected
not merely to know, but to decide,
communicate, judge and act
responsibly in real-world contexts.

-
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Over time, my central emphasis has been how best to design
learning environments that support this transition: from theoretical
understanding to applied judgement, and from passive recipient of
information to accountable practitioner. Through this lens, teaching
becomes a form of design: the purposeful crafting of experiences that
shape professional identity over time. If practice is where pharmacists
are tested, education is where they are tempered.

Teaching philosophy: a pedagogy of becoming

My teaching is guided by a simple organising idea: professional
identity is not something we assess at the end; it is something we
design for throughout. | draw on constructivist and dialogic learning to
build reasoning through interaction.' | also draw on critical pedagogy
and transformative learning to help students examine assumptions,
power and professional responsibility.>* | work with the practical logic
of cognitive progression: a curriculum cannot remain lodged at recall
and comprehension if the profession demands analysis, evaluation
and judgement.*’

Practically, | design learning to be:

+ Engaged (how students contribute, connect and are heard)

+ Authentic (grounded in real systems and constraints)

« Socially accountable (where dignity and access are pedagogical

conditions, not optional extras)

This philosophy has matured into three distinct coordinated
commitments, each with its own underpinning rationale: (1)
technology-enhanced learning (TEL), to widen participation and

cultivate ethical digital fluency in a tech-driven world; (2) experiential
learning (EL), as the curriculum’s organising logic: structured,
scaffolded, quality-assured and accountable to professional regulation
and health-system realities; and (3) socially just higher education,
designed for uneven schooling histories, variable preparedness and
resource-constrained contexts, with a focus on epistemic access
and dignity. These strands intersect in practice, but each addresses a
different educational problem and therefore has its own underpinning.

Technology-enhanced learning

Students live and learn in a digitally saturated world. The question is
not whether technology is present, but whether it is used to deepen
learning, widen participation and strengthen professional judgement.
| treat TEL as pedagogical infrastructure as opposed to a novelty.
Rather than simply modernise delivery of education, it should support
learning and ethical leadership.

TEL as a participation architecture

A practical example emerged in post-pandemic reflective components
of experiential education. Sessions that had previously been dialogic
became muted; many students were more comfortable typing in
online spaces than speaking in physical classrooms. Rather than
reading this as disengagement, | treated it as an access issue: access to
voice. The response was to redesign the participation pathway.

By introducing live interactive platforms (for example, Padlet
and Mentimeter accessed via QR codes), students can contribute
anonymously in real time, see patterns and tensions emerge on-screen,
and then use those themes as a bridge back into spoken discussion.
This approach leverages students’ preferred access medium while
providing structured scaffolding from tentative contribution toward
articulated reasoning. Through this lens, TEL is not a “tech add-on". It
is engaged participation design, and it makes dialogue visible with a
direct link to the professional skill of communicating under conditions
of uncertainty.

Generative Al: from policy anxiety to ethical competence

My second emphasis is the ethical and critical integration of
generative Al. My approach is non-prohibitionist because blanket bans
tend to displace learning into private, unteachable spaces. Instead, |
foreground critical digital literacy: capabilities, limitations, bias and
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verification practices, paired with transparency and integrity. UNESCO's
guidance for generative Al in education emphasises the need for
human-centred implementation and explicit teaching of responsible
use.? Current scholarship similarly cautions that large language models
require new literacies including fact-checking, source discipline and
clear boundaries between assistance and authorship.”

In curriculum terms, this means treating Al as an object of professional
reasoning. Students are encouraged to document Al use, retain
prompt histories where appropriate, and cite responsibly, thereby
making epistemic responsibility visible. This aligns with emerging
practical frameworks that treat Al as a learning partner in bounded,
declared ways.

Experiential learning: from episodic exposure to structured
formation

Experiential learning in pharmacy is often described in aspirational
terms as real-world exposure. | treat it in the language that makes it
sustainable: design, supervision, assessment, coordination and quality
assurance. A placement is not automatically a pedagogy; it becomes
one when it is structured, supported and assessed.

Experiential learningin South African pharmacy educationisembedded
in accreditation requirements and governed through professional
standards and guidelines." The theoretical underpinning is equally
strong. Kolb’s experiential learning theory frames learning as a cycle
of experience, reflection, conceptualisation and experimentation.”
In pharmacy education, the instructional challenge is to ensure
that experience does not remain episodic, and that reflection is not
sentimental. Reflection must function as disciplined sense-making:
translating experience into judgement and transferable professional
insight.

Avoiding fragmentation: making the trajectory visible

A recurring challenge in longitudinal experiential curricula is
fragmentation. Students can experience the programme as hours
to accumulate rather than as a coherent developmental trajectory.
My response has been to make the pathway legible and to support
students in interpreting EL as a scaffolded identity journey. When
progression is visible, experiential learning shifts from episodic
exposure to sequenced development.

Service-learning and Reciprocity: a South African scholarly
lineage

At UWC's School of Pharmacy, service-learning has a strong scholarly
lineage. Bheekie and colleagues have shown how service-learning
contextualises pharmacy training within the realities of public-sector
healthcare and community need, linking student learning to service
delivery and social accountability.*" This scholarship matters because
it clarifies that reciprocity is not charitable sentiment; it is pedagogical
design. It also aligns with work on the hidden curriculum in work-
based learning, which reminds us that students learn values, norms
and assumptions in practice settings regardless of whether we name
them explicitly.” Through this lens, EL becomes an epistemic practice
that teaches students how knowledge works under constraint, how

systems shape decisions and how responsibility travels with the
pharmacist into real clinical spaces.

Socially just higher education: dignity, transition, epistemic
access

This third strand is not a “values layer” applied only to TEL or EL. It is
its own pedagogical commitment: designing higher education that
recognises uneven schooling histories and structural inequality as
teaching conditions, not student deficits. In South Africa, widening
participation is inseparable from epistemic access: not only who enters
university, but who gains access to disciplinary ways of knowing and
being."”

In a cognitively demanding programme where many students come
from resource-constrained environments, transition challenges can
shape both success and belonging. My response is to treat foundational
literacies, metacognitive learning strategies and digital academic
fluency as part of the core curriculum rather than as outsourced,
optional support. When academic literacies are embedded early and
taught as disciplinary practices, students gain access to the "how” of
academic work. They learn to read strategically, reason with evidence,
write with precision and communicate professionally. This is equity
enacted as design.

Social justice in my teaching is also practical: access to the tools of
modern learning and practice. | therefore make digital competence
explicit rather than assumed, including navigating learning platforms
and developing professional digital communication. The intention is to
surface the hidden curriculum of university learning so that success is
not reserved for those who arrive already fluent in institutional codes.

Students’ encounters with public healthcare can involve resource
scarcity, uneven care and professional tensions. | frame these realities
as catalysts for reflection and growth, consistent with transformative
learning?® The aim is neither naive optimism nor cynicism. It is
ethical and analytic capacity: to notice, to name, to reason and to act
responsibly within complex systems.

Finally, socially just education in my work includes communication
equity. Language barriers and health literacy gaps shape patient
safety and dignity; education must respond accordingly. Community-
engaged translation and communication initiatives can function as
socially accountable scholarship, strengthening students’ professional
identity while addressing inequity in practice.

Stewarding professional becoming

Receiving the Distinguished Teacher Award has offered an opportunity
toreflect on both my personal practice and the collective responsibility
of pharmacy educators. Teaching excellence is not achieved through
isolated innovation. It is built through sustained, principled design
aligned with professional purpose.

As pharmacy education confronts rapid technological change,
expanding scopes of practice and rising societal expectations, the
more durable question is this: how do our learning designs support the
formation of pharmacists who are thoughtful, ethical, adaptable and
accountable? | remain convinced that technology-enhanced learning,
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experiential education and socially just pedagogy each offer powerful
possibilities for shaping pharmacists who can navigate complexity
without losing their ethical centre. Whether the entry point is a QR
code, a clinic corridor, or a difficult conversation about system failure,
the aim remains constant: to design for becoming, so that graduates
are equipped not merely to function within existing systems, but to
strengthen them.

References

1.

Viygotsky LS. Mind in society: The development of higher psychological processes.
Cambridge (MA): Harvard University Press; 1978.

Freire P. Pedagogy of the oppressed. New York: Continuum; 1970.

Mezirow J. Transformative dimensions of adult learning. San Francisco: Jossey-Bass;
1991.

Bloom BS. Taxonomy of educational objectives: The classification of educational goals.
Handbook I: Cognitive domain. New York: McKay; 1956.

Anderson LW, Krathwohl DR, editors. A taxonomy for learning, teaching, and assess-
ing: A revision of Bloom’s taxonomy of educational objectives. New York: Longman;
2001.

UNESCO. Guidance for generative Al in education and research. Paris: UNESCO; 2023.
Available from https://unesdoc.unesco.org/ark:/48223/pf0000386693?locale=en (Ac-
cessed 16 January 2026.)

Kasneci E, Sessler K, Kiichemann S, Bannert M, Dementieva D, Fischer F, et al. ChatGPT
for good? On opportunities and challenges of large language models for education.
Learn Individ Differ. 2023;103:102274. https://doi.org/10.1016/j.lindif.2023.102274.
Available from: https://www.researchgate.net/publication/367541637_ChatGPT_for_
Good_On_Opportunities_and_Challenges_of_Large_Language_Models_for_Educa-
tion Accessed 14 January 2026.

Mollick E, Mollick L. Assigning Al: Seven approaches for students, with prompts [pre-
print]. arXiv. 2023. https://doi.org/10.48550/arXiv.2306.10052 Available from: https://

arxiv.org/pdf/2306.10052.pdf Accessed 16 January 2026.

South African Pharmacy Council. Good Pharmacy Education Standards (High-
er Education and Training) (Board Notice 183 of 2017). Gov Gaz. 17 Novem-
ber 2017;41256. Available from: https://www.gov.za/sites/default/files/gcis_
document/201711/41256bn183.pdf (Accessed 16 January 2026.)

. South African Pharmacy Council. Amendments to Good Pharmacy Education Stand-

ards (Higher Education and Training) (Board Notice 32 of 2019). Gov Gaz. 15 March
2019;42304. Available from: https://www.sapc.za.org/Media/Default/Documents/
BN32%200f%202019%20-%20Amendments%20t0%20Good%20Pharmacy%20Edu-
cation%20Standards%20-%20HET.pdf (Accessed 16 January 2026.)

. South African Pharmacy Council. Guidelines for Work-Based Learning (WBL) (Board

Notice 816 of 2025). Gov Gaz. 4 August 2025;53112. Available from: https://www.gov.
za/sites/default/files/gcis_document/202508/53112bn816.pdf (Accessed 16 January
2026.)

. Kolb DA. Experiential learning: Experience as the source of learning and development.

Englewood Cliffs (NJ): Prentice Hall; 1984.

. Bheekie A, Adonis TA, Daniels P. Contextualising undergraduate pharmacy train-

ing in service-learning at the University of the Western Cape. Educ as Change.
2007;11(3):157-167. https://doi.org/10.1080/16823200709487186.

. Bheekie A, Obikeze K, Bapoo R, Ebrahim N. Service learning in pharmacy: Opportuni-

ties for student learning and service delivery. Afr J Pharm Pharmacol. 2011;5(23):2546-
2557.

. Van Huyssteen M, Bheekie A. The hidden curriculum of work-based learning for

pharmacy students in public sector pharmacies in South Africa. Pharm Educ.
2017;17(1):190-198. Available from: https://pharmacyeducation.fip.org/pharmacy-
education/article/view/481/435 Accessed 14 January 2026.

. Morrow W. Bounds of democracy: Epistemological access in higher education. Cape

Town: HSRC Press; 2009.

. Muller J. Every picture tells a story: Epistemological access and knowledge. Educ as

Change. 2014;18(2):255-269. DOI: 10.1080/16823206.2014.932256 Available from:
https://www.researchgate.net/publication/272121340_Every_picture_tells_a_story_
Epistemological_access_and_knowledge Accessed 16 January 2026.

SAfrPharm J 2026 Vol 93 No 3



ez

SCIENTIFIC PAPER

Maintenance and repair of technology,

quality assurance

Efficient cleaning of industrial
production plants
with dry ice

Whether you are an industrial service provider or part of a production
team, effective cleaning of production plants requires technologies that
integrate seamlessly into processes and deliver fast results. In times of
skilled labour shortages, unproductive steps must be completed as
quickly as possible. At the same time, cleanliness is essential for
consistent product quality and protecting expensive equipment. Dry ice
blasting offers a gentle, efficient method that complements established
cleaning routines. A recent innovation now enables the machine to
produce dry ice itself, making the process even more flexible and easy

to use.

Dry ice blasting:

How the technology works.

Dry ice blasting is a particle stream process using CO: pellets
measuring 0.5-3 mm as the blasting medium. Unlike conventional
abrasives that remain solid during use, dry ice combines mechanical
and thermal energy to achieve high cleaning performance. Pellets at
—79 °C strike the surface at speeds of up to 150 m/s, releasing kinetic
energy. The extreme cold makes contaminants brittle so they detach

more easily.

A key effect is sublimation. When the frozen CO: hits the surface, it
transitions from solid to gas, expanding up to 400 times in volume. This
expansion penetrates cracks in dirt layers or coatings, lifting and
breaking them apart. Only the removed contaminants remain behind

and can be blown away with compressed air or vacuumed up.

KARCHER
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Because the method is minimally abrasive and leaves no moisture or
blasting residue, it is suitable for sensitive surfaces and areas where
water cannot be used. Different nozzle geometries allow adaptation to

specific tasks, and pellets can be crushed for especially gentle cleaning.

Blaster, compressor, pellets and co.:

What must be considered in the selection.

Large dry ice blasters for heavy-duty applications consume
approximately 30-100 kg of pellets per hour. The system injects pellets
into a compressed air stream delivered through a hose, trigger gun and
nozzle. Compressed air must meet at least Class 3 (ISO 8573-1), so

separators and aftercoolers are recommended.

Traditionally, pellets are produced in hydraulic presses and delivered
within 24 hours in many regions. Stored in insulated containers, they
remain usable for three to five days. Over time, however, they
sublimate, lose density and clump together, reducing performance.
Companies with high or continuous demand can produce pellets on site

using a pelletiser and liquid CO. tank.

A newer solution eliminates pellet logistics altogether. The blaster
generates pellets directly during operation in the exact quantity
required. Users only need liquid CO: cylinders and compressed air.
Intuitive  controls and monitoring systems make operation

straightforward, without lengthy training.

In use:

Advantages for cleaning production plants.

Dry ice blasting effectively removes grease, oils, wax, adhesives,
silicone and welding residues. It reduces manual labour and avoids
water, chemicals or solvents that may damage sensitive materials or
leave residues.

Machines can be cleaned while assembled, minimising downtime and

enabling maintenance between production shifts. Injection moulds,

KARCHER
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welding robots and automated systems with delicate electronics benefit
particularly from this approach. The process also reduces physical
strain on operators and eliminates hazardous chemicals, wastewater
and abrasive residue. Dislodged dirt can simply be swept or vacuumed

away.

Work protection:

What users must bear in mind (box).

Noise levels range from 75 to 125 dB(A), so hearing protection is
required. PPE should include protective clothing, gloves and eye
protection to prevent cold burns. Adequate ventilation is essential, as
CO: concentration must not exceed 0.5 percent by volume. Monitoring

devices ensure workplace safety.

KARCHER
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Separating agents and burned-in residue can be removed from plastic

injection moulds using dry ice, ...

...S0 that the quality of the components is assured. The cleaning can
take place when the mould is still warm, which leads to short set-up

times.

As very narrow areas can also be reached with dry ice, the cleaning of a
tool changer is also easily possible. Emulsion, deposits and metal

shavings are reliably removed.

KARCHER
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The sensitive filter mats are not damaged by dry ice during the

maintenance cleaning of a ventilation system.

Over the years vapours or dust containing oil may end up in control

cabinets and cause malfunctions or even a fire. With dry ice blasting...

...deposits are removed from the sensitive electronic components and

contact points gently and without any residues.

KARCHER
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With welding robots traces of powder and welding residue can be easily

removed with dry ice.

Dry ice blasting also works through sublimation: Parts of the frozen
carbon dioxide penetrate the cracks of dirt crusts or paint applications,
go from a solid to a gaseous state and can really break up the dirt

thanks to this increase in volume.

KARCHER

SAfrPharm J2026 Vol 93 No 3 (R0,



SCIENTIFIC PAPER

2

DAY IE DY ICE

Systems which are supplied with dry ice pellets are available on the

market as well as...

...a compact model which produces the dry ice itself and therefore can

be used very flexibly.

KARCHER
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Lenacapavir in HIV prevention care: What the pharmacist The use of creatine in adolescents

should know Which of the following best describes the primary

Envelope glycoprotein ¢ Stimulates insulin secretion

1.  Which viral structure is targeted by lenacapavir? mechanism by which creatine enhances performance?
a  Reverse transcriptase a  Increases oxygen delivery to skeletal muscle

b Integrase enzyme b Enhances ATP regeneration through the phosphocreatine
C Capsid protein (p24) system

d

2.

Why is lenacapavir effective against multidrug- d  Reduces lactic acid production
resistant HIV-1? Which statement regarding the safety of creatine
a It enhances the immune response against HIV supplementation in adolescents is most accurate?
It targets a highly conserved structural protein involved in a  Creatine is associated with clinically significant renal
multiple replication stages dysfunction in healthy individuals
¢ ltincreases the metabolism of other antiretrovirals b Creatine consistently causes dehydration and heat-related
It blocks viral entry into host cells only illness
A patient receiving lenacapavir is also prescribed ¢ Creatine is generally well tolerated when used
rifampicin for tuberculosis. What is the most appropriately
appropriate action? d  Creatine is contraindicated in all adolescents

a Avoid co-administration due to reduced lenacapavir levels . Creatine supplementation is most effective in which of
b  Continue both medications without adjustment the following types of activity?

¢ Increase the dose of lenacapavir a  Long-duration endurance activities such as marathon

d  Administer lenacapavir more frequently running

Beyond energy boosts: A clinical review of the vitamin B b Low-intensity aerobic exercise such as walking

complex and associated supplementation ¢ Flexibility-based activities such as yoga

4. Which property of the vitamin B complex best explains d
why toxicity is generally uncommon?

High lipid solubility Human papillomavirus in cancer: pathogenesis and
Extensive hepatic storage vaccination approaches

Renal excretion due to water solubility 10. Which high-risk HPV strains are responsible for the
Irreversible protein binding majority of HPV-related cancers?

HPV-6 and HPV-11
HPV-16 and HPV-18
HPV-31 and HPV-33
HPV-52 and HPV-58
HPV-1 and HPV-2

Which host tumour suppressor proteins are targeted by

Short-duration, high-intensity activities such as resistance
training

!J'IQ_ﬁUQJ

Why are combination vitamin B supplements

commonly used rather than single-vitamin
formulations?

Cost-effective design

Higher toxicity thresholds

Improved gastrointestinal absorption

Do N T |

Vitamin B deficiencies coexist

the viral oncoproteins E6 and E7?

(Vo oo

Why must vitamin B complex vitamins be regularly

obtained from the diet? a_ BRCA1and BRCA2
a  Rapid deactivation through metabolism b HER2and EGFR
b No endogenous synthesis and low storage capacity ¢ p53andpRb
C Poor absorption from the gastrointestinal tract d  MYCand RASB
d  Extensive complexation with microbiota e  PTENand APC
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Persistent infection with high-risk HPV can lead to Overcoming vaccine hesitancy: An effective vaccine

communication ‘standard operating procedure’ for

which of the following cancers?

a  Cervical and oropharyngeal cancers pharmacists

b  Pancreatic and liver cancers 17. The following statement is TRUE:

C Prostate and bladder cancers a  Theworldis on track for reaching the WHO Immunization

d  Thyroid and adrenal cancers Agenda 2030 goals

e  Melanoma and basal cell carcinoma b  Measles has once again become endemic in the USA

Dry eye disease management: the pharmacist as first-line ¢ South Africa has recently experienced diphtheria outbreaks
health professional d  Infant vaccine coverage in South Africa has been improving

13. Dry eye disease (DED) is primarily characterised by over the past two decades

which of the following pathological features? 18. Vaccine hesitancy ...

a  Increased tear viscosity and bacterial colonisation a isa relatively modern phenomenon, originating in the late

b  Tear filminstability, hyperosmolarity, inflammation, and 20th century
neurosensory abnormalities b includes vaccine denial, which responds well to
d Excessive tear production with lacrimal gland hypertrophy behavioural interventions
d  Retinal inflammation leading to blurred vision c s a state of indecision and uncertainty about whether or

14. Which of the following diagnostic findings is most not to vaccinate
suggestive of tear film instability in dry eye disease? d

cannot be addressed in the age of social media-driven

a  Tear break-up time (TBUT) greater than 15 seconds mis/disinformation campaigns

b Schirmer test value greater than 15 mm 19. When you notice your infant patient has missed their

C Increased intraocular pressure scheduled routine vaccinations, your first reaction

d  Tear break-up time (TBUT) less than 10 seconds should beto ...

15. How are autologous serum eye drops (SEDs) correctly a  asktheir caregiver what they think about getting their
prepared? infant vaccinated today

a Blood is collected with anticoagulants and stored at room b admonish their caregiver for missing their infant’s
temperature scheduled vaccinations

b  Bloodis collected without anticoagulants, clotted, diluted ¢ asktheir caregiver why they missed their infant’s scheduled
in saline, and frozen vaccinations

¢ Serumis concentrated from donor plasma through d tell their caregiver that their infant is due for vaccination

evaporation catch-up today

d  Blood is mixed with artificial tears and stored in one large

. 20. When a caregiver is reluctant to have their infant
container

vaccinated, you should ...

16. As a first line contact, what is the pharmacist’s role in

a  show them pictures of a child severely affected by a
vaccine-preventable disease, and warn them that they are
putting their child at risk for this type of outcome

managing dry eye disease?

a Performing objective diagnostic tests like the Schirmer test
or tear osmolarity testing

b  gently enquire why they are reluctant, and listen patiently

b Carrying out surgical interventions such as punctal cauter
ying g P y while they explain

or amniotic membrane grafting

c Differentiating DED from other conditions like allergic eye ¢ focus on appealing to their sense of social responsibility

disease, recommending appropriate over-the-counter by stressing the importance of vaccination as a‘collective
treatments and educating patients on lifestyle good'that results in herd immunity
modifications d tell them all about the vaccine myths you have seen on

d  Restricting treatment to the dispensing of prescription- the internet and social media, and then explain why these
only topical corticosteroids myths are untrue

The answers for these CPD questions will be in the upcoming issue of the SAPJ. This activity can contribute towards your CPD compliance.

CPD answers « Volume 2 « 2026

1.b 2.c 3.b 4.c 5.¢ 6.b 7.b 8.a 9.b 10.c 1.b
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