Saurabh Nikam., Int. J. in Pharm. Sci., 2023, Vol 1, Issue 12, 416-432 | Review

INTERNATIONAL JOURNAL IN
PHARMACEUTICAL SCIENCES

Journal Homepage: https://www.ijpsjournal.com

Review Article

A Review On Advancements In The Packaging Of Medicines
Saurabh M. Nikam*, Madhuri D. Davange, Dhananjay M. Patil

Divine College of Pharmacy, Satana, Nashik, Maharashtra, India, 423301.

ARTICLE INFO ABSTRACT

Received: 08 Dec 2023 The pharmaceutical industry is witnessing remarkable advancements in the packaging
Accepted: 11 Dec 2023 of medicines to ensure the safety, efficacy, and convenience of drug delivery. This
Published: 17 Dec 2023 project explores the multifaceted landscape of pharmaceutical packaging, encompassing
Keywords: primary, secondary, and tertiary packaging solutions, each serving distinct yet

Pharmaceutical packaging,
Drug safety, Child-resistant
packaging, Anti-
counterfeiting measures,
Innovative packaging
technologies, Tamper-evident
features..

DOI:
10.5281/zenodo.10389787

interconnected functions. The ideal characteristics of pharmaceutical packaging are
examined, emphasizing the critical role of preserving product integrity and patient
safety. Additionally, this project delves into cutting-edge developments in
pharmaceutical packaging, such as child-resistant packaging to safeguard against
accidental ingestion, anti-counterfeiting measures to combat the proliferation of
counterfeit drugs, and innovative technologies like blow-fill-seal and pre-fill syringes,
which offer efficiency and precision in drug administration. The study also investigates
the incorporation of tamper-evident features in pharmaceutical packaging to enhance
consumer confidence and protect against product tampering. By exploring these vital
aspects, this project sheds light on how advancements in pharmaceutical packaging are
not only ensuring the quality and safety of medicines but also contributing to the overall
well-being of patients and the integrity of the pharmaceutical supply chain.

INTRODUCTION

Packaging is defined as a technique that permits
pharmaceutical products to be kept contained from
the time they are manufactured in a unit until they
are used. Pharmaceutical packaging's role is to
deliver life-saving pharmaceuticals, surgical
devices, blood and blood products, nutraceuticals,
powders, liquid, solid and semisolid dosage forms,
and so on. Pharmaceutical packaging primarily

provides drug safety, identity, and ease of handling
and delivery. Many complex variables must be
balanced in pharmaceutical packaging. [1,2]. The
fundamental and primary function of packing is
containment. This guarantees that packaging
designs are in such a way that they prevent product
leakage, dispersion, or permeation while also
holding its contents during regular handling. The
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dosage form's components have no effect on it.
Packaging also protects the product against
variables such as light, oxygen, moisture,
biological contamination, adulteration, and
mechanical damage, which might alter its quality
or efficacy [3]. The external image of the package
should not only boost product confidence, but also
provide clear and concise product identification
and other features such as: It should provide
adequate information about the contents, such as
legal requirements, route of administration,
storage conditions, batch number, expiry date,
product license number, and manufacturer's name
and address. It should aid in patient compliance.

Preferably have an aesthetically pleasing design.

The design and construction of a package is
important in determining the shelf life of a food or
medicinal product [4]. Modern medical packaging
should be ecologically friendly, biodegradable,
and recyclable. The safety element must also be
ensured in the other way, i.e., the product cannot
have a negative impact on the packing [5].
Packaging is a novel science, a modern technical
discipline, and a key contributor to the success of
pharmaceutical enterprises. Packaging is based on
or report to a company's research and development
(R&D), engineering, operations, buying,
marketing, or general administrative departments
[6]. The pharmaceutical industry is changing
rapidly these days. In today's worldwide context, it
is extremely rare to see any pharmaceutical
company existing without packaging [7]. New
drugs, legislative changes, and technological
advancements in the pharmaceutical business all
contribute to continually changing packaging
requirements. Faced with increased competitive

pressure, this industry, too, has recognized the
significance of packaging as an essential sales tool
[8]. Pharmaceutical packaging contributes to a
significant share of the overall medication
business in India. It was formerly focused on
protecting the quality of the enclosed drug.
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Combating counterfeiting, increasing patient

adherence, guaranteeing the safety and efficacy of

medications, and combating kid resistance are all
modern issues.

Ideal Characteristics

Packaging:

i It should possess sufficient mechanical
strength to withstand handling, filling,
sealing, and transportation.

ii.  Itshould not react with the stored contents.

iii. It should have a shape that is both attractive
and allows the contents to be easily obtained.

iv.  The container shouldn't permit the microbial

of Pharmaceutical

growth.

v. The container must withstand the high
temperatures during the sterilization
process.

vi. The container's material should be non-
reactive or chemically inert.

vii.  The container or closure components must
not exhibit any reactivity towards each other.
viii.  The closure should possess chemical

stability and be non-toxic when in contact
with the contents of the container.

ix.  Alkali must not leach into the contents.

X. It ought to offer the desired level of
protection against environmental risks
[9,10].

Functions Of Pharmaceutical Packaging:

1.  Containment:
The most basic objective of packaging for
pharmaceutical items is to contain the product.
High-quality packaging must be designed to meet
the demands of both the product and the
production and distribution process. For this, the
packaging must: not leak, not permit product
diffusion or permeation, be sturdy enough to hold
the contents when subjected to typical handling,
and not be affected by the formulation's
constituents in its final dosage form.

Protection: All harmful external factors, such as

light, moisture, air, biological contamination,
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mechanical damage, and falsification or
adulteration, that could impact the product's purity
or potency must be avoided by the packing.
Presentation and information: Information about
pharmaceutical items can also be found on the
packaging. Labels and package insert for patients
contain this information. Identification: Both
identification and information are provided by the
printed package or its supplementary printed
components.

2. Convenience:

Convenience is linked to the utilization or
application of a product, such as a single-use eye
drop wunit, which not only eliminates the
requirement for preservatives but also minimizes
the potential for cross-infection by delivering only
one dose [11].

3. Security:

Certain aspects of pharmaceutical packaging help
to avoid counterfeiting. It also prevents kids from
gaining access to the contents.

4. Marketing:

It is frequently used as a form of advertising to
differentiate a product and/or to deliver a certain
message or brand image to consumers in order to
highlight the pharmacological features [12].
Types Of Pharmaceutical Packaging:

I.  Primary Packaging:

This packaging type involves direct contact
between the packaging material and the product or
instrument. It is essential that the packaging
material does not have any interaction with the
drug and remains free from any contamination that
could affect the dosage form. Example: Vials,
ampoules, bottles, blister pack etc.

ii.  Secondary Packaging:

The primary function of this type of packaging is
to provide a layered protective barrier. It not only
safeguards the contents but also serves as an
additional layer of protection for the primary
packaging product. Examples: Cardboard, boxes,
cartons etc.
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iii.  Tertiary Packaging:

This particular type of packaging is employed to
safeguard  pharmaceutical  products during
transportation, facilitating the efficient movement
of materials between different locations due to its
capacity for accommodating substantial volumes.
Examples: Containers, wooden pallets, shrink
wraps etc. [13]
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Dosage form  Primary packaging  Secondary packaging ~ Tertiary packaging
Figure 1: Types of Pharmaceutical packaging [14]
Need For Advancements In The
Pharmaceutical Packaging:
In today's Indian pharmaceutical industry,

pharmaceutical packaging plays a pivotal role and
constitutes a significant share of the overall
market. In the past, the primary objective of
pharmaceutical packaging was solely to maintain
the quality of the enclosed medicines. However,
the landscape has evolved, and now
pharmaceutical packaging encompasses a broader
set of criteria. These include:

. Preventing Tampering
Counterfeiting:

One crucial aspect of modern pharmaceutical
packaging is its role in thwarting tampering and
counterfeiting of products. Ensuring the integrity
and authenticity of medications has become a
paramount concern.

. Ensuring Product Dispensing Accuracy:
Pharmaceutical packaging is now designed to
guarantee the precise dispensing of medications.
This accuracy is essential to provide patients with
the correct dosage and maintain their safety.

. Promoting Patient Compliance:
Pharmaceutical packaging plays a pivotal role in
encouraging patient compliance with prescribed
dosage schedules. User-friendly and informative

and

418 |Page



Saurabh Nikam., Int. J. in Pharm. Sci., 2023, Vol 1, Issue 12, 416-432 | Review

packaging aids patients in adhering to their
medication regimens, improving treatment
outcomes.

Pharmaceuticals, like many other packaged goods,
require dependable and swift packaging solutions
that provide a blend of product protection, quality
assurance, tamper-evident features, patient
comfort, and security measures. Constant
developments in the pharmaceutical industry,
including innovations such as prefilled syringes,
blow-fill-seal vials, powder applications, and
various others, have a direct and significant impact
on packaging. These advancements in
pharmaceutical products themselves are closely
intertwined with packaging solutions. Prefilled
syringes, for instance, require specialized
packaging to ensure their integrity and sterility,
while Dblow-fill-seal vials necessitate unique
packaging approaches due to their manufacturing
process. Similarly, powder applications in
pharmaceuticals demand specialized packaging to
protect the contents from moisture, light, and other
environmental factors. Therefore, as
pharmaceutical technologies evolve, packaging
strategies must also adapt to meet the changing
demands and requirements of the industry.
Nowadays, there is a growing trend towards the
adoption of alternative methods for medication
administration. These approaches have gained
considerable  popularity,  with  inhalation
accounting for 17% of the methods used,
parenteral or intravenous administration at 29%,
and transdermal methods making up 3% of the
total. Additionally, oral tablets are now available
in a wide variety of shapes and sizes, providing
patients with more options for taking their
medications. This shift towards diverse medication
delivery methods reflects an ongoing effort to
enhance patient convenience and improve
treatment outcomes. These changes are having a
significant impact on the packaging business, and
there is a growing demand to provide tailored,
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personalized packaging solutions that ensure the
efficacy of medications. Because of degradation
caused by environmental factors such as light and
humidity, there is always a direct link between
packaging and the effectiveness of a cure [15].
Some Advance Packaging of Medicines:

1. Child Resistant Packaging:

A child-resistant package is a packaging design
intended to make it challenging for young children
to open or access its contents. However, it should
not pose a significant challenge for adults to use
correctly. Children, especially those between the
ages of 1 to 5 years, often display a heightened
curiosity towards drug packaging and their
contents.  Startling statistics from various
European Union member states reveal that over
100,000 cases of child poisoning are reported
annually, directly linked to drugs. This concerning
trend underscores the need for increased
awareness and preventive measures to safeguard
the well-being of our youngest members of
society. The World Health Organization (WHO)
and UNICEF have emphasized that child-resistant
packaging stands out as one of the most well-
documented achievements in mitigating the risk of
accidental poisoning in children. The United
States was the first country in the world to impose
the requirement of protecting children from
chemical substances and drugs. In 1970, the
United States introduced the "Poisons Prevention
Packaging Act" (PPPA), marking a significant
milestone as the world's first regulatory
framework aimed at ensuring the safety of
packaging for children. The PPPA laid down
specific requirements for packaging to be
considered safe for children, particularly when it
came to products containing toxic or health-
endangering substances. The primary objective
was to design special packaging that posed a
challenge for children under the age of 5 to open,
thus preventing them from accessing potentially
harmful contents. Simultaneously, the PPPA
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emphasized that the packaging should remain
accessible and straightforward for adults to use
without undue difficulty. This ground-breaking
legislation set the precedent for child safety
standards in product packaging, prioritizing the
protection of young children while ensuring
convenience for adults. The use of Child-Resistant
Packaging (CRP) has been shown to effectively
reduce child mortality resulting from the
accidental ingestion of prescription drugs taken
orally. Before any medicine can be authorized for
use in adults, it must undergo thorough testing,
which includes both pre-clinical evaluations and
clinical trials. This rigorous process is essential to
ensure the medicine's safety, quality, and
effectiveness. However, the same level of scrutiny
may not always apply to medications intended for
children. Unfortunately, some deaths resulting
from the consumption of unspecified drugs may
have been caused by medications that are not
subject to child-resistant packaging requirements.
By law, manufacturers are required to use child-
resistant packaging for specific household items,
such as certain medicines, cleaning products, and
gardening supplies. This type of packaging is
specifically engineered to reduce the risk of
accidental ingestion or exposure to potentially
harmful substances by children. By incorporating
mechanisms or features that require a level of
dexterity, strength, or cognitive ability beyond that
of a young child, these packages serve as an
important safety measure in households where
hazardous materials or medications are stored.
This design aims to strike a balance between child
safety and adult accessibility, ensuring that adults
can access the package's contents without undue
difficulty while providing a safeguard against
unintentional child access.

The requirement for child-resistant closures on
medicine containers is specified under the
Pharmacy Contract. According to Section 51
Advice Notice, it is mandatory to use child safety
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caps on a specific set of medications known as the
"dirty dozen." These medications include:

e Paracetamol

e Salicylates/NSAIDs

e Anticonvulsants

e Thyroxine

e Antidepressants

e Narcotics

e Beta-2-agonists

e Benzodiazepines

e Theophylline

e lron salts

e Digoxin

e Phenothiazines
Child-resistant closures are required for these
drugs to ensure the safety of children and prevent
accidental ingestion.
Types Of Child Resistant Closures:
Child-resistant closures include both re-closable
and non-re-closable packaging as follows:
e Non-re-closable closure:
Non-re-closable closures are packages like
aluminium foil (strip packaging) or opaque/clear
laminated plastic (blister packaging). These
packages generally contain a single tablet, such as
a medicine or dishwasher tablet.
e Re-closable closure:
Re-closable packaging involves a container fitted
with a re-closable top or a child safety cap, such as
the “Palm-Turn” or “Clicklocks” variety. This type
of packaging is commonly used for products like
methylated spirits or dishwasher powders [16-18].
2. Anti-counterfeit Packaging:
Packaging plays a crucial role in bridging the gap
between production and marketing, ensuring that
products are transported from the manufacturing
facility to the consumer base safely and at the
lowest possible cost. This coordinated system is
designed to enclose or protect products for various
purposes, including  distribution,  storage,
preservation, transportation, information
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dissemination, and sales support. Pharmaceutical
brands are particularly susceptible to these
challenges due to their significant market
presence, ease of production, and higher profit
margins. One of the primary issues related to
product security is counterfeiting. Counterfeit
products are often sold past their expiration dates,
distributed through unauthorized channels, or
subjected to packaging alterations. A medical
product is considered counterfeit when there is a
false representation concerning its identity or
source. This definition encompasses not only the
product itself but also its container, packaging, or
labelling information. Counterfeiting can pertain
to both branded and generic medical products.
Counterfeit medical products may take various
forms, including those with accurate or incorrect
ingredients, those lacking active ingredients
altogether, those containing incorrect amounts of
active ingredients, or even those packaged in fake
packaging. This comprehensive understanding of
counterfeiting underscores the importance of
ensuring the authenticity and safety of medical
products in the healthcare industry. Counterfeiting
is a high-volume, high-profit business which
causes the infringement of intellectual property
rights, medicine legislations, and other aspects of
criminal law. Counterfeiting and piracy are, in
essence, the same, as they both involve the
reproduction of identical copies of the genuine
product. In industrialized or developed countries,
the most common counterfeit drugs are often
referred to as "lifestyle drugs.” These individuals
often purchase these drugs from the internet or
unlicensed pharmacies. Unfortunately, counterfeit
drugs represent a significant threat, as they are a
major cause of morbidity, mortality, and the loss
of confidence in the healthcare system.

Brand owners must prioritize addressing the risk
of counterfeiting by implementing robust systems
for tracking, tracing, detecting, and responding to
suspected counterfeit products. Simultaneously,
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they should actively engage in efforts to educate
consumers about the dangers of counterfeit goods.
This can be achieved through government-
supported initiatives or  celebrity-endorsed
information campaigns, which play a crucial role
in raising awareness among the public. By
combining these strategies, brand owners can
protect their reputation and the safety of
consumers while combating counterfeiting
effectively. Anti-counterfeiting technologies serve
the crucial purpose of deterring, detecting, and
controlling  counterfeiting,  ensuring  that
consumers can confidently verify the authenticity
of a product. These measures are essential in
safeguarding both the integrity of brands and the
safety of consumers. However, to be effective,
anti-counterfeit features incorporated into product
packaging must be exceedingly challenging to
replicate. In this ever-evolving landscape, a wide
range of innovative anti-counterfeiting measures,
including the integration of smart packaging
technologies, are now being considered and
implemented. These technologies not only provide
enhanced security but also empower customers
and individual consumers to inspect products and
confirm their legitimacy, thereby combating the
proliferation of counterfeit goods in the market.
Need For Anti-counterfeit Technologies:

In the realm of patient safety, the primary
objective is to prevent harm, and one highly
effective approach to achieving this is the
implementation of anti-counterfeit technologies.
These technologies play a pivotal role in
enhancing pharmaceutical safety. By adopting
such  advanced measures, pharmaceutical
companies can greatly diminish the occurrence of
drug recalls from the market. This, in turn, helps
them avoid costly setbacks and legal disputes that
can arise from unsafe or counterfeit drugs reaching
consumers. Moreover, the implementation of anti-
counterfeit technologies safeguards the reputation
of the brand, ensuring it remains untarnished even
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amidst the challenges of the market. This, in turn,
helps maintain consumer confidence, ultimately
leading to continued trust in the company's
products and a safer healthcare ecosystem for all.
Characteristics Of Ideal Anti-Counterfeit
Technology:

The ideal technologies for this purpose should
possess several key attributes. Firstly, they must
exhibit a high level of security that makes them
resistant to cloning or replication. Secondly, they
should be versatile enough to be applied across a
wide range of products, ensuring broad utility.
Thirdly, these technologies should meet efficiency
standards, offering fast processing capabilities to
streamline operations. Additionally, they should

have the quality of being mechanically
authenticable, enabling straightforward
verification. One noteworthy aspect is that

consumers should also be able to utilize these
technologies effectively, enhancing accessibility
and usability. Equally important is that these
technologies must be legally accepted by
companies, ensuring that they can be integrated
into various industries seamlessly.

Overview of Some Anti-counterfeit
Technologies:

Today, there is a wide range of anti-counterfeit
technologies available, each with its own unique
advantages and drawbacks. These technologies
aim to protect products and goods from being
counterfeited. Some of them are as follows:

i.  Product Authentication:
Authentication features can be incorporated into
medicines through two primary methods: directly
on the dosage forms or on the packaging. These
features can take various forms, falling into three
categories: overt, covert, and forensic.

ii. Holograms
As Anti-Counterfeiting Tool: Holograms have
emerged as a potent tool in the fight against
counterfeiting, offering a three-layered security
approach. As the first line of defence, holograms
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provide overt authentication easily recognizable
by the naked eye. Complementing this, covert
features like scrambled images, microtext, UV-
sensitive inks, or specialized inks serve as a second
layer of security, requiring trained examiners and
specific decoding equipment for verification.

iii.  Track and Trace Technology:

In this system, a distinct identity is assigned to
each individual stock unit during its manufacturing
phase. This unique identifier stays with the product
throughout its journey along the supply chain until
it is ultimately consumed. This tracking and
tracing are facilitated through the use of a specific
pack coding that is unique to each product. The
information related to the product is securely
stored in a database, allowing authorized parties to
access and retrieve this information when needed.
This robust system ensures transparency and
accountability throughout the entire lifecycle of
the product, from production to consumption.
Mass Serialization: Serialization is a crucial
process encompassing the generation, encoding,
and verification of the unique identity of
individual  physical items. Without mass
serialization, the authenticity and legitimacy of a
product's origin are tied solely to the lot number,
which typically represents thousands of bottles.
However, this method falls short when it comes to
authenticating a specific bottle of a particular drug.
When integrated with track and trace technology,
serialization plays a pivotal role in tracing a
product's journey through the supply chain and
enables targeted identification of items for recall
[19-23].

3. Blow-Fill-Seal Technology:

Aseptic blow-fill-seal (BFS) technology is a
seamless process in which plastic containers are
created, filled with a sterile filtered product, and
sealed all within a controlled sterile environment
of a single machine. This innovative technology
ensures the integrity and sterility of the final
product by minimizing human intervention and
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potential contamination risks. The entire sequence
of operations is uninterrupted, making it highly
efficient for the aseptic packaging of
pharmaceuticals, healthcare products, and other
sensitive substances. The blow-fill-seal process is
a cutting-edge aseptic processing technology that
has received recognition and approval from
regulatory agencies globally. It is highly regarded
for its inherent operational advantages when
compared to conventional aseptic production
methods. Blow-fill-seal systems are renowned for
their exceptional blend of advantages, including
adaptability in  packaging design, cost-
effectiveness, and a superior level of sterility
assurance. The machines have several advantages,
including the need for a minimum number of
operating personnel and a relatively small space
requirement. These features make them highly
efficient and cost-effective  for  various
applications. The inherent capacity to create the
container or seal during the aseptic packaging
procedure enables the tailoring of the container's
design to suit the precise requirements of the
intended use. Numerous types of polymers can be
employed in the procedure, with low and high-
density polyethylene as well as polypropylene
emerging as the most commonly favoured options.
BFS (Blow-Fill-Seal) technology has become
widely embraced in the pharmaceutical industry
for various product categories such as eye, nose,
and ear drop, contact-lens solutions, inhalations, as
well as oral and topical solutions. Additionally, it
has found extensive use in the household
chemicals  sector, including insecticides,
detergents, and disinfectants. Recent
advancements in machine design have opened up
new possibilities for creating multi-use and
injectable product containers. These innovations
involve the insertion of pre-moulded, pre-
sterilized components into the container, which
provides additional design options for the
manufacturing process. Moreover, the
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Blow/Fill/Seal process, a common method for
producing containers, is typically influenced by
just two primary raw materials: the product itself
and the polymer. These two materials are
processed in-line, which streamlines the
production process and makes it well-suited for
handling large, uninterrupted batch sizes. This
efficient approach to manufacturing contributes to
the overall effectiveness and scalability of the
production process.
BFS Process:

o Container Moulding:

Thermoplastic material is processed through a
continuous extrusion process, forming it into a
tubular shape. As the tube reaches the desired
length, the mould is engaged, and the parison is
precisely cut to the required size. At this point, the
bottom of the parison is sealed by pinching it
closed, ensuring the integrity of the shape. The top
of the parison is secured in position with a set of
holding jaws, guaranteeing that the form is
maintained. Following these preparatory steps, the
mould is then shifted to a designated position
beneath the filling station, where the next phase of
the manufacturing process can take place.

e Container Filling:
The nozzle assembly is an integral part of the
container formation process. It is carefully
lowered into the parison until the nozzles create a
tight seal with the neck of the mould. This crucial
step ensures that the container's shape and
structure will be formed correctly. Once this seal
is established, the container formation continues
by applying a vacuum to the mould side of the
container, and simultaneously blowing sterile,
filtered air into the interior of the container. This
controlled environment is essential to maintain the
sterility of the product being packaged.

e What sets this process apart is the utilization of
a patented electronic fill system. This advanced
system allows for the precise and accurate
dosing of the product into the container. This
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precision is vital, especially when dealing with
sensitive or valuable contents. Once the product
is safely and accurately dispensed, the nozzles
retract back to their original position. This step
concludes the container formation process and
ensures that the container is ready for further
processing or distribution.

Container Sealing: After the filling process is
completed, a crucial step follows in which the
top of the container retains a semi-molten state.
To address this, separate seal moulds come
together to shape and hermetically seal the
container's top. Once this sealing process is
accomplished, the moulds open up, and the
sealed container is conveyed out of the
machine. This sequence of actions ensures that
the container's contents are securely enclosed,
preventing any leakage or contamination.

Advantages Of BFS Process:

BFS

technology provides notable benefits

compared to the traditional method of aseptic
filling in pre-existing containers, whether they are

made of plastic or other

materials. These

advantages can be outlined as follows:

BFS technology minimizes the need for human
involvement, making it a more dependable
approach for the aseptic production of sterile
pharmaceuticals.

The necessity to procure and store a diverse
assortment of pre-manufactured containers
along with their corresponding closures is
eliminated, with the singular requirement being
the procurement of bulk plastic containers.

The cleaning and sterilization of prefabricated
containers and closures are unnecessary since
the BFS machine generates a clean and sterile
container precisely at the moment it is needed
for the filling process.

There has been a reduction in the expenses
related to the transportation of materials,
storage, and inventory management.
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4.

Validation requirements have been
significantly reduced, making it easier and
more streamlined to meet the necessary criteria
for validation and ensuring that the process is
more efficient and accessible.

The technology enables the creation of high-
quality custom-designed containers that come
equipped with tamper-evident closures, all
offered in a diverse range of shapes and sizes to
meet various needs and preferences.

There is a wide variety of neck and opening
device shapes available, offering numerous
options to choose from when it comes to
selecting the perfect design for your specific
needs and preferences.

A single compact BFS machine replaces
multiple conventional machines, leading to
floor space efficiency. Additionally, the need
for transport zones for sequential filling and
closing processes is eliminated, as these
operations are seamlessly integrated within the
BFS machine.

BFS machines require significantly less manual
labour compared to traditional aseptic filling
methods. This efficiency is attributed to the
automated nature of BFS technology, which
streamlines the filling process and reduces the
need for human intervention, resulting in cost
and time savings

The code numbers and variable data, including
batch numbers and expiry dates, can be directly
moulded into the container during production,
eliminating the need for post-production
addition. This integration streamlines the
process and ensures that the information is an
intrinsic part of the container.

Since the procedure offers by itself to the
creation of single-dose containers,
preservatives are not required as they are with
multi-dose containers [24-26].

Prefilled Syringes:
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Parenteral drug administration is the primary
choice for physicians when they require rapid and
safe delivery of medications. For many years,
conventional injectables, such as those involving
vials and ampoules, have been the go-to method
for achieving this goal, ever since the discovery of
an innovative way to administer the same drugs.
However, the landscape of healthcare has
witnessed a notable transformation with the
development of pre-filled syringes (PFS) in the
mid-20th  century. This breakthrough has
fundamentally altered the perspectives of
healthcare professionals. Pre-filled syringes are a
revolutionary ready-to-use drug delivery system
that comes with a host of advantages, particularly
in terms of safety and efficacy. One of the key
benefits is the assurance of a tamper-proof dosage
form, which significantly enhances the security of
drug administration. This feature alone has played
a pivotal role in driving the widespread adoption
of PFSs in the market as the preferred drug
delivery system for injectable medications. The
convenience, reliability, and safety that pre-filled
syringes offer have made them a game-changer in
the field of healthcare, earning them a solid
foothold in the industry [27]. Prefilled syringes are
a pharmaceutical product designed for the
administration of parenteral medications. These
syringes come pre-loaded with a single dose of a
parenteral drug, and the needle is securely attached
by the manufacturer. They are essentially ready-
to-use disposable syringes with premeasured
dosages, which serve several important purposes
in healthcare. First and foremost, prefilled syringes
help reduce the likelihood of dosing errors,
ensuring that patients receive the correct amount
of medication. This not only enhances patient
safety but also promotes compliance, as the
convenience of prefilled syringes makes it easier
for patients to adhere to their treatment plans.
Moreover, these syringes offer a significant
advantage in terms of dosing accuracy, which is
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critical in many medical scenarios. The
premeasured dosages eliminate the need for
manual measurements, reducing the margin of
error in drug administration. There are several
reasons contributing to the growth of pre-filled
syringes in the pharmaceutical market. They have
quickly become one of the fastest-growing options
for unit dose medication, as the pharmaceutical
industry looks for innovative and convenient drug
delivery methods. Pre-filled syringes offer
multiple advantages. Pharmaceutical companies
can reduce drug wastage and extend the shelf life
of their products. Additionally, patients now have
the option to self-administer injectable drugs in the
comfort of their own homes, reducing the need for
hospital visits. This trend signifies a significant
shift in drug delivery and medication accessibility.
Pre-filled syringes have found extensive
applications in various therapeutic sectors,
including the administration of vaccines, blood
stimulants, and therapeutic proteins. The evolution
of injectable drug delivery systems has
transitioned from traditional syringes with vials to
more advanced solutions, such as pre-filled
syringes, auto-injectors, pen injectors, and needle-
free systems. Among these options, pre-filled
syringes have emerged as the preferred choice for
the parenteral administration of drugs [28].
Advantages Of Prefilled Syringes:

I. Convenience:

In emergency situations, such as allergic reactions,
the process of filling standard syringes can be both
time-consuming and complex. This is where the
need for quick injection syringes becomes crucial.
Prefilled syringe cartridges play a vital role in
saving valuable time and, in turn, can save lives.
Their convenience allows for faster and more
efficient administration of injections, which is
particularly  essential in the fast-paced
environment of a busy hospital. Prefilled
cartridges not only expedite the injection process
but also help alleviate overcrowding in emergency
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rooms and other treatment areas, contributing to
more effective and streamlined patient care.

I Affordability:

Standard syringes are typically constructed with
cylindrical glass barrels and tightly fitting glass
rods, which significantly drive up the
manufacturing costs in comparison to the plastic-
based prefilled cartridges and their accompanying
syringes. Furthermore, prefilled cartridges offer a
notable advantage in terms of durability, being far
less susceptible to cracking or breaking when
compared to their standard, glass-based
counterparts. This cost-effective and robust design
makes prefilled cartridges a favourable choice in
various medical applications.

iii. Accuracy:

Prefilled syringe cartridges provide a critical
assurance of patients receiving precise dosages of
medication. This attribute proves especially
valuable for patients who must self-administer
their medications, even without a medical
background. As stated on boschpackaging.com,
standard syringes can potentially result in
overfilling or underfilling the barrel, which could
significantly compromise the effectiveness of the
treatment. In contrast, prefilled syringe cartridges
minimize the risk of dosing errors, ensuring that
patients receive the correct amount of medication,
thereby enhancing the overall quality and
reliability of their medical care.

iv. Sterility:

When a standard syringe is filled with medication,
its optimal effectiveness and sterility are typically
retained for only about 12 hours. In contrast,
medication stored within a prefilled syringe
cartridge boasts a much longer shelf life, typically
extending to approximately two to three years.
This prolonged shelf life for prefilled syringe
cartridges ensures the medication remains sterile
and potent over an extended period, offering a
significant advantage in terms of storage and
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usability, particularly in clinical and healthcare
settings.

v. Safety:

Prefilled syringes are known for their exceptional
level of accuracy, making them a safer choice for
medical applications. Some prefilled cartridges are
specifically designed to seamlessly integrate with
self-aspirating syringe s. These syringes have the
unique ability to pierce the skin and deliver
medications without requiring manual pressure on
a plunger. This innovative design ensures that
injections reach the appropriate depth and that
dosages are administered with precision and
smoothness, enhancing the overall safety and
efficacy of the medical procedure.

V. Medical Advantages:

Healthcare professionals enjoy several advantages
when using accurate and pre-measured doses
provided by prefilled syringes. These benefits
include a reduction in dosing and medication
errors, as well as a decreased risk of microbial
contamination. Prefilled syringes are particularly
convenient in emergency situations and often
feature the option for duplicate peel-off labels,
which greatly assist in patient charting.
Additionally, single-use prefilled syringes
typically eliminate the need for preservatives,
enhancing the safety and reliability of drug
administration. In recent studies, it was revealed
that a significant majority of healthcare
professionals, around nine out of ten, preferred
prefilled syringes over conventional needles and
syringes, underscoring their effectiveness and ease
of use.

Vi. Manufacturing Advantages:

Another notable advantage of prefilled syringes is
their reduced need for overfill. To illustrate,
consider a 0.5 ml vial where the USP recommends
a 20-25% overfill. In contrast, for a 0.5 ml prefilled
syringe, the required overfill is less than 2%. This
significant reduction in overfill requirement means
that approximately 18-23% more doses can be
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produced from the same quantity of medication.
Furthermore, the straightforward and flexible
processing formats associated with prefilled
syringes make them easier to integrate into
pharmaceutical company manufacturing lines,
streamlining production processes and offering
cost-effective benefits [29].

Advances in Prefilled Syringes:

Another notable advantage of prefilled syringes is
their reduced need for overfill. To illustrate,
consider a 0.5 ml vial where the USP recommends
a 20-25% overfill. In contrast, for a 0.5 ml prefilled
syringe, the required overfill is less than 2%. This
significant reduction in overfill requirement means
that approximately 18-23% more doses can be
produced from the same quantity of medication.
Furthermore, the straightforward and flexible
processing formats associated with prefilled
syringes make them easier to integrate into
pharmaceutical company manufacturing lines,
streamlining production processes and offering
cost-effective  benefits.[30] The industry is
experiencing significant advancements in syringe
design, encompassing various aspects. These
developments include the introduction of new
types of components, alterations in the
manufacturing process aimed at reducing the
silicone coating on the syringe, improvements to
decrease tungsten and adhesive residues, the
introduction of dual-chamber devices, and the
creation of needle-free devices. Additionally, there
have been notable progressions in the types of
components used, involving changes in
construction materials such as polymeric syringes,
modifications to tip cap and plunger formulations,
and innovations in plunger design. These
innovations collectively enhance the performance,
safety, and versatility of syringe technology in the
medical field [ 31].

5. Tamper Evident Packaging:

A package or container that is tamper-evident is
designed in such a way that any attempt to open it
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can be easily detected, ensuring that consumers
can see if someone has opened it before purchase.
Tampering, which involves intentional
manipulation or contamination of information,
products, packages, or systems, can occur at any
stage of production, distribution, logistics, sale, or
use. The concept of tamper-evident designs dates
back to ancient times, where letters were secured
with wax seals to indicate that they had not been
opened since they were written. Notably, Roman
signet rings were employed for this purpose, as the
unique ring signature pressed into the hot wax seal
served as a distinctive mark that could not be easily
duplicated by anyone attempting to reseal the
letter. The term "tamper-resistant packaging"” was
originally coined by the US Food and Drug
Administration (FDA) in 1983, accompanying the
first publication of the regulation mandating such
packaging for over-the-counter (OTC) drugs sold
in retail establishments across the United States.
However, this term was not widely embraced by
packaging manufacturers and users who preferred
the term ‘tamper-evident.' Recently, the FDA has
proposed a shift in terminology, moving towards
'tamper-evident' instead of 'tamper-resistant." The
rationale behind this change is to emphasize to
consumers that they should actively look for
visible evidence of tampering rather than
assuming, without inspection, that a package is
invulnerable to tampering. This shift underscores
the importance of consumer vigilance in ensuring
product safety. The concept behind a tamper-
evidence sticker is to serve as a clear indicator of
any unauthorized opening of a package. When
someone attempts to remove the sticker, it is either
destroyed in the process, or it reveals a visible
indication such as "open," signifying that the
package has been tampered with. This additional
information, which is generated when the sticker
is compromised, is often referred to as the "void
effect.” It plays a crucial role in alerting consumers
and authorities to potential tampering, enhancing
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the security of products and packages. An anti-
tampering device in drug packaging plays a pivotal
role in the verification process, as it assesses the
integrity of the anti-tampering mechanism and
reveals whether the packaging has been opened or
modified from the state it was in when it left the
manufacturer's facility. This verification step is
crucial in guaranteeing the authenticity of the
package's contents, as it ensures that no
unauthorized access or alteration has occurred
since the product's initial production, thereby
maintaining the integrity and safety of the drug
packaging. The primary objective of tamper
evidence is to psychologically deter any attempts
at manipulation. Often, this goal is accomplished
through the use of a straightforward locking
mechanism known as a ‘seal.’ Seals function
similarly to locks, but once they are applied, they
become permanently secured and can only be
opened by breaking them. Consequently, tamper-
evident seals inevitably bear unmistakable
evidence of any unauthorized interference. The
awareness that any tampering will be readily
detected serves as the initial deterrent against
engaging in such attempts, establishing the first
barrier to potential manipulation.

Criteria for developing appropriate security seals

is as follows:

e While it's important for a seal to be durable,
the key factor is not solely material strength.
What truly matters is that a seal should readily
display evidence of damage or stress when
subjected to tampering. When a seal easily
exhibits these signs, it indicates that it is
effectively fulfilling its intended purpose.

e The locking or sealing mechanism should
undergo testing to assess its resistance against
various tampering methods such as chemicals,
exposure to heat and cold, lock-picking tools,
and other devices commonly employed by
those attempting unauthorized access. If the
seal can be manipulated to open and then
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resealed without leaving any evidence of
tampering, it renders the seal ineffective for its
intended purpose.

e It is essential for the seal to possess distinct
characteristics, such as incorporating serial
numbers  for  differentiation  between
individual seals. The inclusion of company or
departmental details on the seal can contribute
to its uniqueness and distinguishability.

Some  Tamper Evident Features in
Pharmaceutical Packaging:
i. Film wrappers- transparent:
A unique and identifiable transparent film is
tightly wrapped around the entire product
container, ensuring a comprehensive seal and a
secure, snug fit. Access to the product can only be
gained by ripping or breaking the wrapper.
ii. Blister or strip packs:
The individual doses, such as capsules or tablets,
are securely sealed within both plastic and foil
packaging. In the case of blister or strip packs, the
seals around individual compartments and the strip
as a whole must remain intact and complete.
Access to the product can only be obtained by
ripping or breaking the individual compartment of
the pack. It is not possible to separate or replace
the blister or strip pack materials without leaving
visible evidence of entry.

iii. Pouches, sachets and form fill seal packs:

The product is contained within an individual
pouch or sachet that requires ripping, peeling, or
breaking to access its contents. The pouch or
sachet is characterized by a unique design.
Furthermore, the seals of the pouch or sachet
cannot be separated and resealed without
displaying visible evidence of entry.

iv. Heat Shrink Bands or Wrappers:

Distinctively designed bands or wrappers are

applied and securely sealed around the junction of
the cap and container through a heat-shrinking
process. To access the product, the seal needs to be
ripped or broken. Importantly, the wrapper cannot
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be taken off and reattached without causing visible
damage.

iv. Breakable caps:

The plastic or metal cap is designed with a section
that breaks away upon opening and remains on the
neck of the container. It is important to note that
the cap cannot be taken off and reattached in its
original condition [32-36].

6. RFID:

Radio Frequency ldentification (RFID) serves as
an automatic identification method that hinges on
the storage and remote retrieval of data via devices
known as RFID tags or transponders. This
technology facilitates swift, automated, and hands-
free data input through the utilization of radio
waves. The applications of RFID encompass a
wide array of fields, including security,
manufacturing, logistics, animal tagging, waste
management, postal tracking, airline baggage
handling, library book monitoring, apparel theft
prevention, and road toll management, among
others. RFID, or radio-frequency identification, is
poised to have a substantial impact on the
healthcare sector. Its applications extend beyond
merely detecting counterfeit drugs; RFID
technology is set to enhance traceability, optimize
the flow of products in and out of warehouses, and
improve inventory management in the
pharmaceutical wholesale domain by enabling
batch reading of multiple units. Furthermore,
RFID is expected to play a pivotal role in reducing
errors and mix-ups within hospitals and
pharmacies, thus contributing to a more efficient
and error-free healthcare system. An RFID tag is a
device designed for attachment or integration into
an item, creature, or individual, enabling their
identification through radio waves. One notable
feature of RFID tags is their ability to be read from
a considerable distance, without requiring a direct
line of sight to the reading device. Presently, RFID
technology is experiencing a strong emphasis in its
application within the realm of supply chain

INTERNATIONAL JOURNAL IN PHARMACEUTICAL SCIENCES

management, especially for large corporations.

The adoption of RFID offers notable advantages

by enhancing the swiftness and precision in

inventory tracking and management, ultimately
leading to cost savings for businesses. A standard

RFID system comprises three primary

components: first, there is a transponder, also

known as an RFID tag, housing an integrated
circuit containing essential information for object
identification. Second, a transceiver, or RFID
reader, is responsible for capturing radio
frequency signals and relaying the information to

a processing device. Finally, there is a backend

database, employed to store and manage the data

collected by the transceiver. RFID technology
utilizes radio waves for identification, with an

RFID tag consisting of both a chip and an antenna.

The antenna enables the chip to transmit the

necessary identification information, while the

reader emits electromagnetic waves that the tag
antenna receives.

Advantages Of RFID Tags:

i. RFID tags have the capacity to store
substantial volumes of data.

ii. The type of RFID tag can be modified to suit
the specific application requirements.

iii. Depending on the frequency, RFID tags can
retrieve information from distances ranging
up to 3 meters (for low frequency tags) or as
far as 20 feet (for high frequency tags).

iv. RFID tags possess ample read-write
capabilities.

v. RFID tags can be read through various
environmental conditions such as snow, fog,
ice, paint, and more.

vi. Designed in a slim profile, making them
suitable for integration into labels.

vii. Capable of high-speed reading, with the
potential to process hundreds of reads per
second.

viii. Not dependent on being in the direct line of
sight of a scanner for successful reading
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CONCLUSION:

In conclusion, the pharmaceutical packaging
industry has evolved significantly to meet the
evolving needs of safety, efficacy, and patient
convenience. The exploration of primary,
secondary, and tertiary packaging solutions has
illuminated their integral roles in preserving the

integrity of pharmaceutical products and
safeguarding the well-being of patients. The study
has also demonstrated how innovative
advancements in pharmaceutical packaging,
including  child-resistant  packaging, anti-
counterfeiting measures, and state-of-the-art
technologies like blow-fill-seal and pre-fill

syringes, have the potential to revolutionize drug
delivery. These innovations not only enhance the
precision and efficiency of administering
medication but also play a pivotal role in reducing
the risk of accidents and counterfeit drugs.
Furthermore, the incorporation of tamper-evident
features ensures consumer confidence and
reinforces the pharmaceutical supply chain's
integrity. As our project has shown,
pharmaceutical packaging is more than just a
protective layer; it is a critical component of
healthcare delivery. In an era where the quality and
safety of medicines are paramount, these
advancements in pharmaceutical packaging not
only contribute to the well-being of patients but
also bolster the pharmaceutical industry's
reputation. The continuous pursuit of excellence in
pharmaceutical packaging will remain vital to
advancing healthcare standards and patient care in
the future.
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