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ABSTRACT

A prefilled syringe is a single-dose packet of vaccine in which a needle has been fixed by the manufacturer, used to
deliver parenteral medication. In the past metal or glass syringes were popular, but increasingly there has been a
movement towards plastic and disposable syringes so the needle is protected and cannot be re-used. This has
stimulated the demand for convenient and safe prefilled syringes in the medical field over conventional glass vials for
packing parenteral drugs. Parenteral packaging innovations and applications have made devices easier to use for both
the healthcare professional and the patient. Prefilled syringes are used to package injectable drugs and diluents. Filling
and stoppering of prefilled syringes are carried out by three process traditional filling and stoppering, online vacuum
filling and stoppering and online vacuum filling followed by offline vacuum stoppering in a vacuum chamber. Pre-filled
devices which are available in the market as dual chambered syringes, unijet prefilled syringe and BD ready fill TM.
Sterilization of prefilled syringe was mainly done by ionizing radiation or by autoclaving. Prefilled technology
developments are primarily to accommodate the increasing number of biologic drugs reaching the market.

Additionally, the companies have developed multi chamber prefilled syringes for use with lyophilized drugs.
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INTRODUCTION

Prefilled syringes are pharmaceutical product which
is used to deliver parenteral medications. A prefilled
syringe are single dose packet of parenteral drug in
which a needle has been fixed by a manufacturer.
Prefilled syringes are ready to use disposable
syringes contains premeasured dosage, reduce
dosing errors and increase patient compliance,
dosing accuracy, convenience and safety, enhance
patient quality of life and reduce patient time in the
clinic. Pre-filled syringes are more convenient
devices for the delivery of parenteral medications.
They are small which makes them easy to carry and
are dependable for delivering a precise dose of
medication. There are many other reasons are
leading to their growth in the pharmaceutical
market. Pre-filled syringes have emerged as one of
the fastest-growing choices for unit dose medication
as the pharmaceutical industry seeks new and more
convenient drug delivery methods. Pharmaceutical
companies are able to minimize drug waste and
increase product life span, while patients are able
to self-administer injectable drugs at their home
instead of the hospital. In the past, glass syringes
mostly used in the market, but there has been a
movement toward plastic and disposable syringes.
Pre-filled syringes have also been utilized across a
wide range of therapeutic sectors, such as vaccines,
blood stimulants and therapeutic proteins.['?
Injectable drug delivery systems, conventional
syringes with vials has been traversed to prefilled
syringes, auto-injectors, pen injectors and needle
free systems. Mostly preferred devices for parenteral

administration of drugs in the forms of prefilled
syringes. Specifically, the demand for prefilled
syringes has been increasing strongly over the past
several years. The prefilled syringes was not limited
to healthcare seftings & less popularity; self-
injection by patients possible more easier and safer
methods also prefer using prefilled syringes for
drug administration in home settings. The rise in
parenteral drugs, especially biologics are used in
the treatment of diseases and chronic conditions,
such as multiple sclerosis and rheumatoid arthritis,
has forced drug and packaging manufacturers to
seek more sophisticated container closure and drug
delivery systems. Responding in which increasing
preference, pharmaceutical  companies are
packaged a number of their injectable drugs and
vaccines in prefilled syringe formulation. Over 100
injectable drug products are available in prefilled
syringes and a rising number of pipeline drugs are
targeted to be delivered by this method.?#

History of prefilled syringes

First official injection morphine appeared in the
British  Pharmacopoeia in  the (1867) and
monographs of seven sterile glass sealed ampoules
comes in the US National formulary in 1926. Since
then, list of injectable products has grown. In 1980,
the origins of prefilled syringes can be found when
Sanofi and Rhone Poulenc-Rorer (Sanofi-Aventis)
introduced them as drug delivery devices for
heparins in Europe. They have been around for
more than three decades now and are used for
administration of all major classes of therapeutics,
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including vaccines, anticoagulants, anti-arthritic
drugs and anti-anemic drugs. Prefilled syringes
have improved significantly over the vyears.
Manufacturers  have recently developed multi-
chamber syringes for use with lyophilized drugs.
Such syringes are also being developed with
advanced injection devices, such as auto injectors
and pen injectors. In addition, prefilled diluent
syringes and flush syringes are already more
popular. With more than 60% of candidate
drugs/therapies in the clinical pipeline being
biologics  that  usually  require  parenteral
administration, the adoption of prefilled syringes
was anticipated to further increase in the mid-long
term. 5]

Advantages of prefilled syringes

For both patient and doctors, pre-filled syringes
make injections easier and safer. With a prefilled
syringe, the right dosage always received by
patient. In addition, pharmaceutical companies can
benefit from less overfill in a pre-filled syringes
(compare to vials) — which is an important
advantages, particularly with costly
biopharmaceuticals. Last but not least, pre-filled
syringes work well with increasingly popular safety
devices and auto-injection systems making the
injections easy, safe and convenient.”'Many
important drugs are available only in parenteral
dosage forms. Notable among them are numerous
biotechnology drugs, insulin, several cephalosporin
antibiotic  products, glucagone, heparin, and
protamine. In addition, parenteral formulation are
available for drugs such as lidocaine hydrochloride
and many anticancer products.

Disadvantages of prefilled syringes

Pharmaceutical companies must be sure about
patient safety, by demonstrating that material and
component which has not any extractables and
leachables (E&L) and the primary packaging have
not any adverse inferaction with the drugs. Some of
the E&L comes in contact with drug molecule and
inferfere  with the drug molecules and could
diminish the effectiveness of a drug. In ampoules,
the drug comes in contact with only glass and in
vials drug is in contact with glass and rubber. Pre-
filled syringes, on the other hand, are in contact
with not only the drug, but more materials and
components creating additional opportunities for
interactions and E&L.7 8

Challenges and Opportunities

A prefilled syringe is a single-dose packet of
vaccine in which a needle has been fixed by the
manufacturer. In past, glass and metal syringes
were popular, but increasingly replaced by plastic
and disposable syringes so the needle is protected
aond cannot be re-used (prefilled disposable
systems). This has stimulated the demand for
convenient and safe prefilled syringes in the

medical field over conventional glass vials for
packing parental drugs. Parental packaging
innovations and applications have made devices
easier to use for both the healthcare professional
and the patient. Prefilled syringes have actually
been around for more than two decades. The
European market for prefilled syringes is relatively
more mature compared to the US market, which is
still relatively smaller and younger. However, the
market for prefilled syringes has seen healthy
growth in recent years as the pharmaceutical
industry has grown and become more
sophisticated. The European market for prefilled
syringes is worth $300 million and is growing at
between 8-10 percent per annum. Prefilled syringe
manufacturers have had to therefore respond to
increasing demand, new requirements and more
sophisticated forms of drug delivery. There has
been great development in syringes. New products
are being put in syringes now. Prefilled syringes are
used to package injectable drugs and diluents.
Some of the categories of drugs packaged in
prefilled syringes are vaccines, blood stimulants,
therapeutic profeins, erythroprofeins, interferons,
and rheumatoid arthritis.[”19

Types of prefilled syringes system
There are two types of prefilled syringes are as
follows: Glass based system, Plastic based system.

Glass Based System

Traditionally barrel has been made from glass
tubing. These glass tubes are transformed by heat
in to barrel which is used to hold the medicament.
But it has main disadvantages that glass is easily
breakable in nature and requires added care while
handling. Other drawbacks with glass are glass
contains small amount of alkali which may cause a
PH shift in some products.!'"!

Plastic Based System

Plastic syringes are gaining high acceptance
compare to glass system because they can easily
handle. Syringes which are made up of COC (cyclic
olefin copolymer) and COP (cyclic olefin polymer)
have been developed. These cyclic olefin
copolymers and  polymers have excellent
transparency, good moisture barrier properties, and
are chemically clean with very low extractable. They
have good dimensional tolerance and high
flexibility in design and no tungsten or adhesive is
involved in fixing o staked needle to plastic
syringes.!"”

Pre-filled syringe components!'2

Pre-filled syringes includes following parts: A barrel
having an opening at opposite ends and an
inwardly projecting annular wall ot a distal end. A
plunger fluid-tightly inserted in the proximal end of
the barrel so as to be slidable along the inner wall
of the barrel; A needle-connecting member,
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attached to the annular wall to fluid-tightly close the
opening of the annular wall; A flexible plastic film
tube within the barrel hermetically bonded to the
needle-connecting member and the plunger at each
end; Needle-connecting member having at its rear
end a skirt portion of an outer diameter equal to an
inner diameter of barrel, skirt portion being fitted in
the distal end of the barrel, film tube being bonded
to the outer wall of the rear side of the skirt portion.

Preparation of pre-filled syringes

The method for the preparation of a pre-filled
plastic syringe, comprising the steps of:[1%13

(a) Preparation of components Providing a barrel
and plunger molded under conditions which are
substantially free of pyrogens and viable and non-
viable particulates, from non elastomeric material,
such as polypropylene, polycarbonate or other
medical grade plastic, within at least a class 100
environment. Optionally, providing a tip seal
and/or a piston which is also molded under
conditions which are substantially free of pyrogens
and viable and non-viable particulates. The plunger
cover and tip seal are moulded from an elastomeric
material, such as rubber, by any suitable molding
method such as compression molding. After
moulding and contaminant removal, the plunger
cover and tip seal are lubricated with silicone oll,
hereinafter referred to as ‘silicone’, to facilitate the
assembly of the plunger cover onto the plunger
substrate to form the plunger, and the assembly of
the tip sealed to the distal end of the barrel to form
the barrel/tip seal combination. The plunger cover
and tip seal may also require sterilization by any
suitable method, such as use of ethylene oxide or
autoclaving.  Maintaining  said  barrel  and,
optionally, tip seal and/or piston, under clean
conditions for use in step (b).

(B) Filling and assembling the syringe:!'®!

The pre-filling and terminally sterilizing a syringe,
having the following sequential steps: Providing an
empty syringe barrel having first and second
opposite ends, where first end having a port
through with a connector member formed about an
exterior of port and second end being open;
Removing particulate matter from the interior of
syringe barrel; Sterilizing the cap and stopper,
stopper being at the first and second opposite
longitudinal ends; Prior to filling empty syringe
barrel, insert first end of stopper into the second
open end of empty syringe barrel and stopper move
toward first end of empty syringe barrel until first
end of stopper was reached a position against the
first end of empty syringe barrel; Prior to connecting
the cap to the connector member to seal the port,
fill syringe barrel with a desired fluid medicament
through the port of first end of syringe barrel
wherein substantially no air enters syringe barrel,
then stopper moves from first end to second end of
syringe barrel by fluid pressure of fluid medicament

as the syringe barrel is filled; After filling the syringe
barrel through the port, connect the cap to
connector member of first end of filled syringe
barrel to seal port; and Terminally sterilize pre-filled
and assembled syringe barrel, stopper and cap in
an autoclave having a spray over-pressure cycle
which maintains pressure about the exterior of
syringe barrel at least equal to the pressure within
the interior of syringe barrel.

Pre-filled devices in the market

Dual-Chambered Syringe: To great extend and
advantages of a prefilled syringe to manufacturers
of lyophilized drugs, Vetter Pharma Fertigung
developed the Vetter Lyo-Ject dual chambered
syringe. Dual chambered syringe is a glass-
barrele/d syringe with a stopper. Stopper in the
middle to serve as a barrier between the two
chambers. Better lyophilizes the drug in the syringe
itself and seals that chamber while the syringe is still
in the lyophilizer. Filling equipment then dispenses
the diluent into the remaining volume of the syringe
and adds another stopper. On the distal portion is
a screw taper plunger rod that goes through the
finger rest. As the user advances the plunger, it puts
pressure on the diluent. The diluent moves the
center stopper into a bypass in the side of the glass.
Eligard delivered by atrigel drug delivery technology
is an example of the same.!'*!

Prefilled Diluent Syringe: While dual-chambered
syringe or dual syringe delivery systems are elegant
and not compatible with many lyophilized drugs.
Freeze dried product will be put info a vial due to
the volume of liquid filled and the corresponding
lyophilized plug size but also to get the best freeze-
drying characteristics, which in turn yields longer
stability. West currently offers Clip'n Ject, a
modernize system consisting of a prefilled diluent
syringe which containing the lyophilized or dry
powder drug will be packaged with the drug vial.['?!

Unilect Pre-filled Syringe (non-reusable injection
device)

Unilect is a plastic disposable injection device and
a single dose of medication. It is activated by
pushing the needle cap toward the body of the
device, opening the fluid path between the needle
and the blister. The cap is then removed, the needle
inserted into the subject, and the dose is delivered
by squeezing the blister until it collapses.['®!

BD Hypak PhysiolisTM

Class Prefillable Syringe: The BD Hypak Physiolis
syringe features patented needle-point geometry
and a new latex-free needle shield material. The
needle has five bevels and, at 29 gauge, is thinner
than previous offerings. lts unique design results in
a needle point that, while being thinner, is actually
stronger. In combination with a new needle shield
material such as BD Hypak Physiolis syringe needle
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which is sharper and easily penetrated through the
skin, which enhances patient comfort.!'”!

BD Ready fill™

The BD Ready fill™ syringe has more value and
innovative formulation, differentiating it from those
of vials or ampoules. Compared to alternative
prefilled devices, the unique formulation in
combination of integrated features of the BD Ready
fill™ syringe offers increased product differentiation,
like Quality staked needle: Using only the highest
quality preattached needle helps ensure the
smoothest, most comfortable injection possible. The

needle never punctures or is embedded in
rubber. 445!

Rigid Needle Shield: A hard plastic shield increases
end-user safety and cap cannot be easily
removed.

Needle Isolation: Separating the liquid from the
needle confirm that drugs sensitive to needle
contact and during storage are not affected.

Baked Silicone: Binding the silicone occurred with
the glass barrel so that it was important that a
proprietary technology reduced the level of free
silicone, clear benefit for silicone sensitive drugs.

Integrated Backstop: Integrating the backstop and
the syringe barrel prevents accidental removal of
the plunger during aspiration.

Ergonomic Design: Oversized finger grip means
maximum ease of use for the end user and
promotes overall injection safety.[3031]

BD Preventis TM prefilled syringe automatic needle
shielding system

The main features of the BD Preventis
are:P3Compatible with 0.5 mL and 1 mL long BD
Hypak™ syringes with attached needle Single hand
activation Designed for either low or high speed
assembly lines No change in sterile filling operation
Secondary packaging for filled syringe Enables easy
visualization of the syringe contents.

ChaSyr Pre-filled Syringes

The ChaSyr DDS is a prefilled, multi- chamber,
sequential delivery syringe. In a nutshell, it means
that the syringe has more than one medication
chamber separated by a rubber stopper with a
valve that keeps the medications disparate and
prevents air/gas from passing through the valve. In
the posterior chamber, syringe becomes prefilled
with saline or heparinized saline. In the front
chamber, the clinician aspirates medication. After
infusion of the medication from the front chamber,
the clinician simply contfinues to push the syringe
plunger. When the rubber stopper (ChaSyr valve)
comes in contact with the tip of the syringe a valve

opens allowing the saline solution in the back
chamber to flow through the valve thus flushing the
Y-site and IV line of the original medicant and
leaving a saline lock in the system. The ChaSyr DDS
with its prefilled inline post flush simplifies nursing
procedure, reduces line manipulations and line
breaks by up to 50% thereby reducing
contaminations rates and nosocomial
infections."273lit can be seen that rear chamber of
the ChaSyr DDS has a prefilled saline flush. The
front chamber of the ChaSyr DDS is filled by the
pharmacist with the drug of choice and a saline
lock is placed in an extension set with a clamp.
From figure it can be seen that the clinician
removes the cap from the extension set (only
clinician exposure is to saline) and attaches the
extension set to the catheter. After opening the
clamp, the syringe plunger is pushed thus infusing
the saline pre-flush then the drug through the IV.1%!

Accessories used with pre-filled syringes ¢* 7l
LEVA® Auto ject

LEVA® is disposable and designed for
subcutaneous injections of fixed doses. A skin
sensor and automatic needle retraction persuade a
maximum safety. With an intuitive design and small
size & few user steps; LEVA® provides a fast, easy
and safe pathway to injection.

Flex Pen® Device

Product benefits: Enhanced safety features,
Enhanced simplicity, Discreetness Simple, single-
step dose setting and delivery.

Filling process of prefilled syringes

There are four principal methods for filling and
stoppering syringes, each with its own advantages
and challenges. A high-speed equipment filling,
online high-speed filling followed by offline vacuum
stoppering & online vacuum filling followed by
online vacuum stoppering. These three methods
can create bubble in the syringe. During shipping
this bubble may increase the risk of stopper
movement, and cause loss of product during
expulsion activities prior to administration. For some
proteins and oxygen-sensitive compounds may
causes stability issue. The new innovation in filling
and stoppering syringes by using online vacuum
filling and stoppering and combination with other
proprietary  patented technology of syringe
produced that was bubble-free was the fourth
method. It is called as '‘Bubble free filling'. It is most
advantageous for non-viscous products, since
viscous products can be filled without bubbles using
online vacuum filling and stoppering alone. The
advantages of bubble-free filling include: Enhanced
dosing accuracy, improved product sterility,
decreased waste/greater safety and increased
product stability. BOFilling and stoppering of
prefilled syringes are carried out by three process.
They include: Traditional filling and stoppering,
online vacuum filling and stoppering and online
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vaccum filling followed by offline

stoppering in a vacuum chamber.

vacuum

In traditional processes

Syringes are filled and stoppered using
conventional filling equipment. In these processes,
a needle is inserted into a presterilized syringe and
product is forced out. Next, the syringe stopper is
removed from a tube- the insertion tube, which is
narrower than the syringe. The insertion tube is then
placed in the syringe above the liquid level line and
a rod pushes the stopper out the insertion tube into
the syringe. The drawback, however, is that
conventional methods leave a gas bubble inside the
syringe which can pose significant challenges.
Additionally, conventional methods which use
insertion tubes are not suitable for coated stoppers
since the force of the compression of the stopper
and the action of the insertion rod will cause the
coating to wrinkle or tear.

In online vacuum filling and vacuum stoppering
syringes are first evacuated and filled under
vacuum. They are advanced to the stoppering
position where a vacuum is again applied in the
filled syringes, and by differential pressure a
stopper is pushed into position. In this process,
there is no compression of the stoppers and
insertion rods are not required. By these process,
bubble free filling of syringes can be done.
Pressures during shipment, Enhanced stability
profile of oxygen sensitive compounds. Enhanced
stability profile of certain protein products and
rearrange them in gas-liquid interfaces, improved
accuracy and precision of delivered dose, Creation
of an unfavorable environment for the growth of
aerobic micro-organisms. The major benefit of this
method over the conventional method is that
reduction of the bubble which present between the
product and the stopper in traditionally filled
syringes. It also works well with coated stoppers
since using differential pressure the stopper is
placed rather than force.

In online vacuum filling followed by offline vacuum
stoppering: The syringes are filled under vacuum.
Then filled syringes could alternatively place into an
offline vacuum chamber for stoppering. However,
offine vacuum stoppering requires increased
operator intervention which increases the chances
of contamination and can slow the process down.

Sterilization of prefilled syringe:[?% %4

Medical device manufacturers do not have to face
the same challenges as their pharmaceutical
counterparts, as devices are normally manufactured
using plastics, metals or other materials that are
easily adapted to terminal sterilization. But prefilled
syringes is considered as combination product
therefore challenges posed in sterilization of
prefilled syringes are different than challenges

faced by medical device manufacturers B To
ensure that the prefilled syringes can be sterilized
using an appropriate technique following detailed
considerations are very important: B2 Drug stability
with chosen sterilization technique. Development
trials to determine processing parameters and
product limitations. Packaging configuration -
orientation  during  sterilization.  Temperature
sensitivity and transportation requirements. Time
lines between process of manufacturing, sterilization
of formulated product and delivery to market.
Regulatory compliance: UK MHRA, US FDA and
other notified bodies. Sterilization of prefilled
syringe was mainly done by ionizing radiation or by
autoclaving.  Moist  heat  sterilization  typically
involves heating the device in a steam autoclave.
Such steam sterilization, however, is time and
labour consuming, and compromises the aesthetics
of the product due to packaging degradation from
the steam treatment. 2% Over the last 20 years, the
developments of 10 MeV sterilisation beams (which
are commercially viable and used by a large
proportion of the medical device industry) have
created new options for  pharmaceutical
manufacturers Solution contained within the syringe
may dictate the sterilization method. Goal is not
only sterilization but to maintain a safe solution
within the syringe which meets pharmacopoeia
requirements.®  Radiation exposure is also
commonly employed for sterilizing medical devices,
in which the product is subjected to ionizing
radiation, such as gamma irradiation. Gamma
irradiation of polyolefin syringes can result in
weakened container integrity, leakage, increased
gas permeability and an undesirable yellowing of
the container, and that gamma radiation treatment
inherently causes the generation of highly reactive
species. The generation of such reactive species can
alter the contents of the confainer being treated,
thereby causing the contents of the container to fail
the European and/or U.S. Pharmacopoeia
requirements, such as pH standards (required to be
between 4.5 and 7.0), UV absorbance levels
(required to be below 0.2 at 220-340 nm), and
presence of hydrogen peroxide and oxidizing
substances (required to be below 3.4 ppm). Syringe
made up of radiation stable polyolefin is probably
solution to this problem.B"

The label and labeling of a prefilled syringes

A device like prefilled syringes are coupled with a
biologic products are “combination drugs”. Prefilled
syringes act as the primary container for drug
products, and in regulatory terms constitute the
immediate packaging in contact with the drug. &%
As the prefilled syringe is a fixed product, attention
must be paid to the prefilled syringe package label
to avoid improper use, (which leads to reduced
efficacy), and to minimize adverse drug reactions.
The label and labeling of a drug product are the
primary basis means for which patients and
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practitioners (depending on configuration), interact
with the pharmaceutical product and formulation.
The carton and container labels communicate
critical information including the proprietary and
established name, along with the strength, form,
container quantity, expiration, and so on. The
package insert labels (US Pl or EU SmPC),
communicates all information which are relevant to
the approved uses of the drug, including the correct
dosing and administration of drug product.¢

Advances in prefilled syringes

The increasing demand of prefilled syringes so
during the manufacturing, manufacturer had been
infroduced improvements in technology related with
the material of prefilled syringes, and lubrication
technology to reduce leachables and exiractables.
Prefilled technology developments are primarily to
accommodate the increasing number of biologic
drugs reaching the market. Additionally, the
companies have developed multi chamber prefilled
syringes for use with lyophilised drugs. Advances in
the industry with respect to syringe design include
new types of components, changes to the
manufacturing process to reduce the quantity of
silicone used to coat the syringe, required changes
in the process to decrease tungsten and adhesive
residuals, dual-chamber devices, and needle-free
devices. Advances condition in which the types of
components contain changes in the construction of
material such as the polymeric syringes are
changed with in tip cap and plunger formulations
as well as plungers can be changed. 882

Future

The numbers of innovative injectable products
available in market are increasing day by day. If a
greater number of new drugs are placed in prefilled
syringes then uptake of these by end users will
increase. Prefilled technology would need to adapt
to these new innovations for this pharmaceutical
companies will require more sophisticated forms of
delivery. In order to maintain competitiveness in the
market place, this means greater investment is
required by the manufacturers. At present there is
not enough supply of prefilled syringes.
Manufacturers will need to keep up with demand.
For the manufacturers of prefilled syringes, the
major processing and quality control challenges
include the stability issues due to interaction of
packaging materials of prefilled syringes with the
drug. Manufacturing costs of formulated product
was raised because of adaptation of safety
measures to diminish needle stick injuries. The
safety systems are very costly. The percent of
prefilled syringes with safety systems is very low and
this trend is expected to change in the forthcoming
years with more focus of the healthcare industry on
needle stick safety aspects. 66 8¢l

CONCLUSION

From this review article it can be concluded that
there is more scope for development of prefilled
syringes market. A Prefilled syringes are ready to
use disposable syringes contains premeasured
dosage, reduce dosing errors and increase patient
compliance, dosing accuracy, convenience and
safety, enhance patient quality of life and reduce
patient time in the clinic. Pre-filled syringes are
more convenient devices for the delivery of
parenteral medications. They are small which
makes them easy to carry and are dependable for
delivering a precise dose of medication.
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