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12 Plastic packaging for parenteral drug delivery
Vinod D. Vilivalam and Frances L. DeGrazio

INTRODUCTION
Driven by the development of biotechnology products, newer drug therapies, and
reformulation of poorly soluble drugs, parenteral delivery is expected to provide strong
growth in years to come. Routes of administration include subcutaneous, intramuscular,
intradermal and intravenous injections. Drug products have been almost exclusively dispensed
in glass containers, primarily because of the clarity, inertness, barrier property and thermal
resistance of these containers. With the development of plastic polymer technology over the last
30 years, plastics have become logical alternatives for small-volume parenteral (SVP) and large-
volume parenteral (LVP) packaging. Although plastic containers have become well-established
as containers for LVP products, plastics have been, until recently, used on a limited scale for
SVPs.

Glass vials are the primary container of choice because of their excellent gas and
moisture barrier properties. More importantly, there is an extensive knowledge base on
processing, filling, regulatory review and commercial availability of glass containers. Glass,
however, may not be the best solution for all chemical or biological drug candidates. Glass
contains free alkali oxides and traces of metals. Depending on the characteristics of the drug
being packaged, it is likely that delamination could occur for high pH products over time,
thereby affecting the shelf-life of the drug product. Proteins and peptides can be readily
adsorbed onto the glass surface and can be denatured or become unavailable for treatment.
With a glass prefillable syringe (PFS), potential leachables such as silicone, tungsten and
adhesive can affect the stability of biopharmaceutical products. Glass may break during
processing or transportation and when stored at low frozen temperatures. In these and other
areas, plastic containers have made clear in-roads in the parenteral drug delivery market.

With the proliferation of new polymers and newer process technologies, most of the less-
desirable characteristics of plastic containers have been overcome and the use of plastic
packaging as vials and syringes is increasing. This chapter will discuss the role of plastic in
pharmaceutical parenteral drug delivery. The discussion will provide insights on the following
areas:

l Advances in plastic resins for SVP packaging with an emphasis on cyclic olefins as
well as other plastics used: The properties of these plastics, applications and challenges
will also be discussed.

l Plastic vial systems: This section will discuss in detail the development activities in this
area including the use of plastic vials in lyophilization and the use of reconstitution
devices.

l Plastic PFS systems: As more biopharmaceutical drugs and higher viscosity
formulations are delivered in a PFS, there is the need for a break-resistant, high-
quality, plastic PFS. Challenges with glass include breakage, reactivity of glass and
leachables, such as silicone, tungsten and adhesive. Discussion will include how
plastic PFS offer options to solve these challenges.

l IV bags and disposable bags: Following a brief overview of use of plastics for IV bags
for LVPs, discussion will focus on new developments in the use of plastics for
disposable bags in the packaging of biologics, including considerations for selection of
disposable bags.

l Quality and regulatory considerations: U.S. Pharmacopeia (USP), European Pharma-
copoeia (Ph.Eur.) and Japanese Pharmacopoeia (JP) compendial requirements will be
discussed and referenced for plastic containers.
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processing or transportation and when stored at low frozen temperatures. In these and other
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With the proliferation of new polymers and newer process technologies, most of the less-
desirable characteristics of plastic containers have been overcome and the use of plastic
packaging as vials and syringes is increasing. This chapter will discuss the role of plastic in
pharmaceutical parenteral drug delivery. The discussion will provide insights on the following
areas:

l Advances in plastic resins for SVP packaging with an emphasis on cyclic olefins as
well as other plastics used: The properties of these plastics, applications and challenges
will also be discussed.

l Plastic vial systems: This section will discuss in detail the development activities in this
area including the use of plastic vials in lyophilization and the use of reconstitution
devices.

l Plastic PFS systems: As more biopharmaceutical drugs and higher viscosity
formulations are delivered in a PFS, there is the need for a break-resistant, high-
quality, plastic PFS. Challenges with glass include breakage, reactivity of glass and
leachables, such as silicone, tungsten and adhesive. Discussion will include how
plastic PFS offer options to solve these challenges.

l IV bags and disposable bags: Following a brief overview of use of plastics for IV bags
for LVPs, discussion will focus on new developments in the use of plastics for
disposable bags in the packaging of biologics, including considerations for selection of
disposable bags.

l Quality and regulatory considerations: U.S. Pharmacopeia (USP), European Pharma-
copoeia (Ph.Eur.) and Japanese Pharmacopoeia (JP) compendial requirements will be
discussed and referenced for plastic containers.
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This chapter provides the reader with adequate information on recent developments,
availability and use of various plastic packaging systems for pharmaceutical drug products,
including suitable references to commercialized drugs products.

ADVANCES IN PLASTICS
Plastic resins are the most widely used raw materials in global pharmaceutical packaging,
accounting for 61% of consumption compared with glass, paper products and aluminum foil.
The worldwide demand for plastics for packaging was estimated at $25.8 billion or 2.3 billion
lbs. of material consumed in 2006 (1). High-density polyethylene (PE) is the most widely used
plastic with 1.2 billion lbs. consumed, followed by polypropylene (PP) at 0.4 billion lbs.
However, the fastest growth is expected with the newer resins, the cyclic olefins growing at a
compound annual growth rate of 5.5% by 2011 (Fig. 1). The growth is expected to penetrate
specialty fields such as pharmaceutical drug delivery. This is driven by a need for clear, highly
transparent, biocompatible packaging systems with improved quality and improved barrier
protection.

Cyclic olefins: Compared with the traditional plastic resins, the development and
application of cyclic olefins in parenteral drug delivery is relatively new. Cyclic olefins
are prepared by additional polymerization of monocyclic olefins, cyclobutane or
cyclopentane or bicyclic olefins such as norbornene. The resulting product has
improved chemical and physical properties, such as glass-like transparency, excellent
chemical resistance and improved moisture barrier. Mitsui Petrochemical Industries
produced copolymers of ethylene and other cyclic olefins. Starting in the 1980s, Mitsui
and Hoechst (2,3) began using single-sited metallocene catalysis in the polymerization of
cyclic olefins that led to the development of the cyclic olefin copolymer (COC) Topas1

by Ticona. In this process, 2-norbornene was reacted with ethylene in the presence of a
metallocene catalyst to produce a series of copolymers whose properties can be
modified by varying the norbornene percentage in the material. Another commercially
viable route is through a two-step process based on the ring-opening metathesis
polymerization (ROMP) of dicyclopentadiene followed by complete hydrogenation of
the double bonds to form cyclic olefin polymers (COP) (Fig. 2). Using this process, the
Zeon Corporation developed the Zeonex1 and Zeonor1 line of COP. A similar process
also resulted in another clear COP plastic, called Daikyo Crystal Zenith1 (CZ) that is
available only in a finished container format from Daikyo Seiko, Ltd.

COP and copolymers (COC) possess many excellent properties, including glass-like
transparency. This glass-like transparency of the polymers permits visual inspection of

Figure 1 (See color insert) World pharmaceutical packaging plastics demand by resin (million pounds by weight).
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Figure 12.1 World pharmaceutical packaging plastics demand by resin (million pounds) (see page 306 ).
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Figure 12.1 World pharmaceutical packaging plastics demand by resin (million pounds) (see page 306 ).
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Figure 12.3 Comparison of total organic carbon as an extractable from syringe barrels. Source: Reproduced
from Ref. 6 (see page 307 ).
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Figure 12.3 Comparison of total organic carbon as an extractable from syringe barrels. Source: Reproduced
from Ref. 6 (see page 307 ).
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the resultant manufactured components, as well as the parenteral products that are
delivered to the end user. The polymers have good melt flow properties that readily
lend themselves to plastics processing, for example, molding and thermal forming.
The polymers exhibit a high impact and break resistance, and they form an excellent
moisture barrier (2–5). Additionally, they possess good chemical resistance to acids,
bases and alcohols. These polymers are sterilizable by autoclave, ethylene oxide and
radiation sterilization processes. As with most plastics in comparison with glass, the
number of potential compounds that may be an extractable or leachable is higher for
plastic than for glass because the number of components in the formulation is higher.
These compounds are organic, whereas glass potential extractables are inorganic.
Plastic vendors can provide a list of potential extractables developed with suitable
extracting solutions. A decision may then be made on which potential extractables
should be studied as leachables during stability testing. Preliminary studies have
shown that, when compared with other materials that are used for parenteral
applications, COP and COC exhibit very low extractables (Fig. 3). When studied for
total organic carbon (TOC) extracted from syringe barrels at various pH levels, the

Figure 3 (See color insert) Comparison of total organic carbon as an extractable from syringe barrels. Source:
Reproduced from Ref. 6.

Figure 2 Process of polymerization in the development of cyclic olefin polymers/cyclic olefin copolymers.
Source: Reproduced from Ref. 2.
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data shows very low extractable for COP (CZ) and COC compared with PP and glass
(6,7). On the basis of this data and other information available, COP and COC are
considered to be ideal plastic packaging containers for SVP. There are some
drawbacks, however. Understanding these drawbacks will be important in the
selection of cyclic olefins as a packaging system (Table 1). These plastic containers
cannot match the barrier properties of glass to oxygen and moisture ingress, although
they are much superior to other plastics, including PP, polystyrene and polycarbonate
(PC). For oxygen-sensitive compounds, this may be a concern. Suitable secondary
packaging can prevent moisture loss or oxidation, with the addition of a moisture
absorbent or oxygen scavenger material.

High-density polyethylene (HDPE): The polymer is based on a simple repeating carbon/
hydrogen molecule that branches out during polymerization to form a polymer with a
high degree of regularity. This regularity creates the formation of crystal lattice
structures. Polyethylene (PE) is recognized as having a high degree of crystallinity.
During polymerization, the amount of branching that occurs during the process will
determine the overall density and crystallinity of the resulting PE. As a result of their
relatively high degree of crystallinity as compared with lower-density PEs, HDPEs
have greater tensile strength and stiffness and have a higher melting point than the
low-density polyethylene (LDPE) resins. Another important property is excellent
chemical resistance, a characteristic of all polyethylene grades. HDPE is typically used
for low-to-medium barrier medications, such as bottles, closures and in some cases,
secondary packaging of parenterals and blister packs for solid dosage forms. The
material is characterized by strong impact resistance, chemical resistance, drug
compatibility for oral dosage forms and temperature tolerance. Both HDPE and LDPE
are used to form containers by blow-fill-seal technology, primarily for ophthalmic and
nasal/respiratory drugs, but also have been used for both SVP and LVP products.

Polypropylene (PP): PP is the leading plastic employed in containers, disposable syringes,
PFS and closures. PP is a linear, high crystalline polymer, made of carbon and
hydrogen in a very orderly fashion. The regularity of its structure imparts the high
degree of crystallinity found in most commercially available PP. Within the crystal
array, the methyl groups impart stiffness to the polymer, making it different from its
close relative, polyethylene. PP exhibits a high tensile strength, which is the ability to
withstand forces tending to pull apart or distort the material, and is more rigid than
HDPE. High tensile strength, in conjunction with a high melting point of 1658C, is
particularly important for packaging drugs. Consequently, the material has the ability
to withstand higher temperatures of autoclave sterilization for a limited number of
cycles. PP is also resistant to chemical attack from organic solvents and strong acids
and bases at room temperature. Because of the level of crystallinity present, it is not
possible to achieve the optical clarity found with cyclic olefins: the crystal lattice sites
tend to refract light, which imparts haze. The resin generates significant demand for
the manufacture of blow molded bottles, pouches, laminates and plastic containers.
Because of its improved moisture resistance and effective chemical resistance, PP is

Table 1 Features of Cyclic Olefins for Parenteral Drug Delivery

Key benefits Drawbacks

Glass-like transparency Gas and moisture barrier properties are
less than glass but better than other
plastics

Sterilizable (via autoclave, radiation and ethylene oxide) Sensitivity to scratches
High break resistance Short-term discoloration due to radiation
Excellent moisture barrier
Biocompatible (inert, low binding, and ion extractables)
Design flexibility and excellent dimensional tolerances
Good chemical resistance
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data shows very low extractable for COP (CZ) and COC compared with PP and glass
(6,7). On the basis of this data and other information available, COP and COC are
considered to be ideal plastic packaging containers for SVP. There are some
drawbacks, however. Understanding these drawbacks will be important in the
selection of cyclic olefins as a packaging system (Table 1). These plastic containers
cannot match the barrier properties of glass to oxygen and moisture ingress, although
they are much superior to other plastics, including PP, polystyrene and polycarbonate
(PC). For oxygen-sensitive compounds, this may be a concern. Suitable secondary
packaging can prevent moisture loss or oxidation, with the addition of a moisture
absorbent or oxygen scavenger material.

High-density polyethylene (HDPE): The polymer is based on a simple repeating carbon/
hydrogen molecule that branches out during polymerization to form a polymer with a
high degree of regularity. This regularity creates the formation of crystal lattice
structures. Polyethylene (PE) is recognized as having a high degree of crystallinity.
During polymerization, the amount of branching that occurs during the process will
determine the overall density and crystallinity of the resulting PE. As a result of their
relatively high degree of crystallinity as compared with lower-density PEs, HDPEs
have greater tensile strength and stiffness and have a higher melting point than the
low-density polyethylene (LDPE) resins. Another important property is excellent
chemical resistance, a characteristic of all polyethylene grades. HDPE is typically used
for low-to-medium barrier medications, such as bottles, closures and in some cases,
secondary packaging of parenterals and blister packs for solid dosage forms. The
material is characterized by strong impact resistance, chemical resistance, drug
compatibility for oral dosage forms and temperature tolerance. Both HDPE and LDPE
are used to form containers by blow-fill-seal technology, primarily for ophthalmic and
nasal/respiratory drugs, but also have been used for both SVP and LVP products.

Polypropylene (PP): PP is the leading plastic employed in containers, disposable syringes,
PFS and closures. PP is a linear, high crystalline polymer, made of carbon and
hydrogen in a very orderly fashion. The regularity of its structure imparts the high
degree of crystallinity found in most commercially available PP. Within the crystal
array, the methyl groups impart stiffness to the polymer, making it different from its
close relative, polyethylene. PP exhibits a high tensile strength, which is the ability to
withstand forces tending to pull apart or distort the material, and is more rigid than
HDPE. High tensile strength, in conjunction with a high melting point of 1658C, is
particularly important for packaging drugs. Consequently, the material has the ability
to withstand higher temperatures of autoclave sterilization for a limited number of
cycles. PP is also resistant to chemical attack from organic solvents and strong acids
and bases at room temperature. Because of the level of crystallinity present, it is not
possible to achieve the optical clarity found with cyclic olefins: the crystal lattice sites
tend to refract light, which imparts haze. The resin generates significant demand for
the manufacture of blow molded bottles, pouches, laminates and plastic containers.
Because of its improved moisture resistance and effective chemical resistance, PP is

Table 1 Features of Cyclic Olefins for Parenteral Drug Delivery

Key benefits Drawbacks

Glass-like transparency Gas and moisture barrier properties are
less than glass but better than other
plastics

Sterilizable (via autoclave, radiation and ethylene oxide) Sensitivity to scratches
High break resistance Short-term discoloration due to radiation
Excellent moisture barrier
Biocompatible (inert, low binding, and ion extractables)
Design flexibility and excellent dimensional tolerances
Good chemical resistance
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typically used in disposable containers or delivery systems. It may have poor impact
resistance at lower temperatures and increased extractables, and its translucency limits
its role in the storage of parenteral drug and biological products for long duration.

Polyethylene terephthalate (PET): PET is a high-quality thermoplastic polyester that offers
good barrier protection, chemical resistance and processing properties. It is typically
used in packaging drugs that may require barrier protection as in blister packs and
blow molded containers. It is cost competitive with HDPE and PVC and is used in
development of bottles and blister sheeting. PET is polyester that is a condensed
polymer prepared from ethylene glycol (EG) and either terephthalic acid (TPA) or the
dimethyl ester of terephthalic acid (DMT). The EG monomer is prepared using ethane
as feedstock and the TPA is manufactured using paraxylene as feedstock. TPA can
then be purified by reaction with methanol to form the DMT. PET can exist in an
amorphous state, an oriented and partially crystalline state and a highly crystalline
state. Because of its low glass transition temperature, PET cannot tolerate autoclave
sterilization. The material does hold up well to gamma radiation, making it the
preferred method for sterilization. Ethylene oxide sterilization is also acceptable with
PET resins. PET film may potentially be used as a coextruded layer of LVP bags
(replacing use of PVC resins).

Polycarbonate (PC): PC is known for its mechanical properties and higher clarity with
poor barrier properties. PC-based polymers are aliphatic molecules and are
synthesized in various forms. These aliphatic PCs become extremely soft in the 408C
to 608C temperature range. Bisphenol A PC is extremely stable and virtually
nondegradable under physiological conditions. PC can be processed readily, possesses
high mechanical strength and is very shatter resistant. PCs are used extensively as
bottles and containers for parenteral applications. PC resin contains repeating aromatic
rings in its main chain structure. The material is a polyester of carbonic acid and is
generally produced using an interfacial reaction between dihydric or polyhydric
phenols and a suitable carbonate precursor such as dichlorocarbonate. Currently most
PCs are produced with a reaction between bisphenol A and carbonyl chloride in an
interfacial process. Other polyhydric phenols are sometimes used to form copolymers
for special end uses. The material is well suited for the injection molding process. PC
shows excellent creep resistance over a broad temperature range, enabling its use in
applications previously open only to thermoset materials. There are, however, some
areas where PC resins are inferior. PC materials have limited chemical and scratch
resistance and a very high water transmission rate when compared with other plastics.
The resin also has a tendency to yellow with light exposure and with exposure to
radiation sterilization.

Polyvinyl chloride (PVC): Less popular in parenteral packaging, PVC is prepared by
polymerizing a gas, vinyl chloride or monochloroethylene, in the presence of organic
peroxides or inorganic persulfates as initiators. The length of the molecular chain and
the structure of the side chains are altered by the temperature, pressure and the nature
of the initiator. PVC’s growth in pharmaceutical packaging is much slower compared
with its peers because of environmental concerns. This includes the formation of
dioxin when PVC is incinerated. Additionally, di(2-ethylhexyl) phthalate (DEHP)
plasticizers are used in the production of many PVC materials. These types of
phthalates, which are known to leach out of PVC containers, may have potential health
risks. Growth has slowed in this area, which probably reflects preferences for better
performing and safer plastics.

Multilayer plastics: Plastic bags commonly used for LVP generally consist of between
three and five layers of plastic film consisting of two or more different resins.
Similarly, plastic film used for blister packaging of tablets is also multilayered. The
purpose is to produce a plastic film that combines the best properties of each film
including good clarity, excellent flexibility and durability, which also is a strong
barrier to water vapor transmission.

Plastics fabrication: There are many processes used to convert plastic resins from pellets
into desired shapes or configurations. This is a brief description of the plastic molding
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typically used in disposable containers or delivery systems. It may have poor impact
resistance at lower temperatures and increased extractables, and its translucency limits
its role in the storage of parenteral drug and biological products for long duration.

Polyethylene terephthalate (PET): PET is a high-quality thermoplastic polyester that offers
good barrier protection, chemical resistance and processing properties. It is typically
used in packaging drugs that may require barrier protection as in blister packs and
blow molded containers. It is cost competitive with HDPE and PVC and is used in
development of bottles and blister sheeting. PET is polyester that is a condensed
polymer prepared from ethylene glycol (EG) and either terephthalic acid (TPA) or the
dimethyl ester of terephthalic acid (DMT). The EG monomer is prepared using ethane
as feedstock and the TPA is manufactured using paraxylene as feedstock. TPA can
then be purified by reaction with methanol to form the DMT. PET can exist in an
amorphous state, an oriented and partially crystalline state and a highly crystalline
state. Because of its low glass transition temperature, PET cannot tolerate autoclave
sterilization. The material does hold up well to gamma radiation, making it the
preferred method for sterilization. Ethylene oxide sterilization is also acceptable with
PET resins. PET film may potentially be used as a coextruded layer of LVP bags
(replacing use of PVC resins).

Polycarbonate (PC): PC is known for its mechanical properties and higher clarity with
poor barrier properties. PC-based polymers are aliphatic molecules and are
synthesized in various forms. These aliphatic PCs become extremely soft in the 408C
to 608C temperature range. Bisphenol A PC is extremely stable and virtually
nondegradable under physiological conditions. PC can be processed readily, possesses
high mechanical strength and is very shatter resistant. PCs are used extensively as
bottles and containers for parenteral applications. PC resin contains repeating aromatic
rings in its main chain structure. The material is a polyester of carbonic acid and is
generally produced using an interfacial reaction between dihydric or polyhydric
phenols and a suitable carbonate precursor such as dichlorocarbonate. Currently most
PCs are produced with a reaction between bisphenol A and carbonyl chloride in an
interfacial process. Other polyhydric phenols are sometimes used to form copolymers
for special end uses. The material is well suited for the injection molding process. PC
shows excellent creep resistance over a broad temperature range, enabling its use in
applications previously open only to thermoset materials. There are, however, some
areas where PC resins are inferior. PC materials have limited chemical and scratch
resistance and a very high water transmission rate when compared with other plastics.
The resin also has a tendency to yellow with light exposure and with exposure to
radiation sterilization.

Polyvinyl chloride (PVC): Less popular in parenteral packaging, PVC is prepared by
polymerizing a gas, vinyl chloride or monochloroethylene, in the presence of organic
peroxides or inorganic persulfates as initiators. The length of the molecular chain and
the structure of the side chains are altered by the temperature, pressure and the nature
of the initiator. PVC’s growth in pharmaceutical packaging is much slower compared
with its peers because of environmental concerns. This includes the formation of
dioxin when PVC is incinerated. Additionally, di(2-ethylhexyl) phthalate (DEHP)
plasticizers are used in the production of many PVC materials. These types of
phthalates, which are known to leach out of PVC containers, may have potential health
risks. Growth has slowed in this area, which probably reflects preferences for better
performing and safer plastics.

Multilayer plastics: Plastic bags commonly used for LVP generally consist of between
three and five layers of plastic film consisting of two or more different resins.
Similarly, plastic film used for blister packaging of tablets is also multilayered. The
purpose is to produce a plastic film that combines the best properties of each film
including good clarity, excellent flexibility and durability, which also is a strong
barrier to water vapor transmission.

Plastics fabrication: There are many processes used to convert plastic resins from pellets
into desired shapes or configurations. This is a brief description of the plastic molding
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processes. All plastic processes are similar in the use of three basic elements to convert
the resin from a pellet to its processed shape.

1. Heat: excites the molecular structure to allow free movement of molecules
2. Pressure: forms the free-flowing polymer into a desired shape
3. Time: allows the transfer of heat into the plastic followed by time for removal of

heat (cooling)

Extrusion of plastics: The process of extrusion involves melting a plastic and forcing it
through a die under pressure to form a desired shape. There are several types of
extrusion, depending on the die arrangement used to form the plastic. The three most
widely used for parenteral packaging are flat-sheet extrusion, profile-tubing and
blown-film extrusion. Flat-sheet extrusion is a versatile process, with the capability to
produce sheet stock over a wide range of thicknesses from a wide range of resins. The
process may also be used to produce coextruded sheeting where two or more different
resins are brought together in the die manifold from two or more extruders. Flat-sheet
extrusions can be used for blister packaging and form, fill and seal packaging. Clear
grades of plastic that have a high degree of stiffness are generally preferred for
extrusion processing. Another application for this process is the production of LVP
containers.

Injection molding: Injection molding is a process used to convert resin from a melt into a
molded shape using a mold pattern to form the part. Injection-molded products are
replacing materials such as glass, metals and paper in many areas of parenteral drug
packaging. The development of newer plastic resins, combined with improvements in
the injection molding process, is setting the stage for these changes. For example,
materials such as CZ resin have been used to develop larger containers such as the 1-L
bottle by injection molding. Many of these newer resins are used for drug delivery
systems that are replacing products traditionally made from glass. In this process,
plastic resin is melted using the extrusion process and is injected into a mold where the
resin is cooled enough to be removed in a solid state. Like the other plastic processes,
heat, pressure and time are used in each of the steps to produce a molded product.
Injection-molded items are finding many uses in parenteral drug packaging. The
injection molding process is also used to produce components such as IV spikes and IV
administration sets.

Blow molding: The blow molding process has grown rapidly over the past three decades.
The two types of blow molding in use are extrusion blow molding and injection blow
molding. A uniform tube of heated resin with one end closed is formed during
the extrusion blow molding process and is moved into a mold where the two ends are
pinched off, and the material is blown outward into the shape of the mold. The
injection blow molding process is similar in concept except that is a two-step process.
A preform is molded using a first-stage mold and the principles of injection molding.
The form is then transferred into a second mold, and blown outward using
pressurized air to form the container. Containers produced for health care
applications, such as tablet bottles, are made primarily using the injection blow mold
process. With small containers, this process is more cost effective than extrusion blow
molding because it is capable of handling a large row of preforms at one time.
Extrusion blow molding lends itself to larger containers where it becomes more
economical and practical to eliminate the preform step. The blow molding process
enhances the physical, chemical and barrier properties of certain materials, for
example, PET, because it creates a high level of bi-axial orientation of the polymer. CZ,
Zeonex and Topas resins also use the blow molding process to manufacture vials.

VIAL SYSTEMS
Market considerations: A vial is a SVP container with a stopper and a seal, intended to

package liquid or a dry powder formulation for either single or multiple doses. Glass
vials, typically made of type I glass, are most commonly used as vials for parenteral
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processes. All plastic processes are similar in the use of three basic elements to convert
the resin from a pellet to its processed shape.

1. Heat: excites the molecular structure to allow free movement of molecules
2. Pressure: forms the free-flowing polymer into a desired shape
3. Time: allows the transfer of heat into the plastic followed by time for removal of

heat (cooling)

Extrusion of plastics: The process of extrusion involves melting a plastic and forcing it
through a die under pressure to form a desired shape. There are several types of
extrusion, depending on the die arrangement used to form the plastic. The three most
widely used for parenteral packaging are flat-sheet extrusion, profile-tubing and
blown-film extrusion. Flat-sheet extrusion is a versatile process, with the capability to
produce sheet stock over a wide range of thicknesses from a wide range of resins. The
process may also be used to produce coextruded sheeting where two or more different
resins are brought together in the die manifold from two or more extruders. Flat-sheet
extrusions can be used for blister packaging and form, fill and seal packaging. Clear
grades of plastic that have a high degree of stiffness are generally preferred for
extrusion processing. Another application for this process is the production of LVP
containers.

Injection molding: Injection molding is a process used to convert resin from a melt into a
molded shape using a mold pattern to form the part. Injection-molded products are
replacing materials such as glass, metals and paper in many areas of parenteral drug
packaging. The development of newer plastic resins, combined with improvements in
the injection molding process, is setting the stage for these changes. For example,
materials such as CZ resin have been used to develop larger containers such as the 1-L
bottle by injection molding. Many of these newer resins are used for drug delivery
systems that are replacing products traditionally made from glass. In this process,
plastic resin is melted using the extrusion process and is injected into a mold where the
resin is cooled enough to be removed in a solid state. Like the other plastic processes,
heat, pressure and time are used in each of the steps to produce a molded product.
Injection-molded items are finding many uses in parenteral drug packaging. The
injection molding process is also used to produce components such as IV spikes and IV
administration sets.

Blow molding: The blow molding process has grown rapidly over the past three decades.
The two types of blow molding in use are extrusion blow molding and injection blow
molding. A uniform tube of heated resin with one end closed is formed during
the extrusion blow molding process and is moved into a mold where the two ends are
pinched off, and the material is blown outward into the shape of the mold. The
injection blow molding process is similar in concept except that is a two-step process.
A preform is molded using a first-stage mold and the principles of injection molding.
The form is then transferred into a second mold, and blown outward using
pressurized air to form the container. Containers produced for health care
applications, such as tablet bottles, are made primarily using the injection blow mold
process. With small containers, this process is more cost effective than extrusion blow
molding because it is capable of handling a large row of preforms at one time.
Extrusion blow molding lends itself to larger containers where it becomes more
economical and practical to eliminate the preform step. The blow molding process
enhances the physical, chemical and barrier properties of certain materials, for
example, PET, because it creates a high level of bi-axial orientation of the polymer. CZ,
Zeonex and Topas resins also use the blow molding process to manufacture vials.

VIAL SYSTEMS
Market considerations: A vial is a SVP container with a stopper and a seal, intended to

package liquid or a dry powder formulation for either single or multiple doses. Glass
vials, typically made of type I glass, are most commonly used as vials for parenteral
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applications. Recently there is increased interest in the use of newer plastics,
particularly the cyclic olefins, as parenteral vials as they provide clarity and inert
surfaces for biopharmaceutical and biological applications. When combined with
plastic’s inherent break-resistant attribute and the need for biologics to be stored and
transported at lower temperatures, the future of cyclic olefin based plastics appears
bright. Cyclic olefin polymers (COP) and copolymers (COC) are considered to be an
ideal plastic for vial systems because they have glass-like clarity and suitable
physicochemical properties and the ability to be sterilized.

The vendors in this area may be divided into those that manufacture the COP and
COC resins such as the Zeon Corporation and Topas Advanced Polymers and
companies that convert the resin into parenteral containers such as Schott Forma
Vitrum that offers a range of sizes of both syringes and vials made out of COC under
the brand name Schott TopPac1. Daikyo Seiko, Ltd. of Japan has used a proprietary
COP resin to produce a range of sizes of conical, flat-bottom vials and larger screw-top
containers, under the brand name of Crystal Zenith. West Pharmaceutical Services,
Inc. (West) partners with Daikyo to codevelop, market and sell sterile and nonsterile
CZ vials. As a result of the anticipated growth, the suppliers of resins and products
have made significant investments to their supply chain to maintain continuity of
supply. Rexam offers a new generation of multilayered plastic vials called MLx that
are being used as a container with improved barrier properties. The COC vials
produced by Aseptic Technologies represent a newer approach to vial handling and
filling called the Crystal1 technology, licensed from Medical Instill Technologies
(Table 2). The vials and stoppers are molded and assembled immediately under clean
conditions and gamma sterilized. Filling is achieved by piercing the thermoplastic
closure and then immediately resealing the puncture with a laser. COP and COC vials
have been tested and used to replace glass in various pharmaceutical parenteral
applications. This is because glass contains free alkali oxides and traces of metals and,
at higher pH conditions, can undergo delamination, thus affecting the stability of the
drug product (8,9). Proteins and peptides can be adsorbed on a glass surface and can
either be denatured or become unavailable for treatment (10,11). Glass particles can
promote protein particulate formation, and glass is also more likely to break under
processing, storage or transportation of biopharmaceutical products, especially at
lower temperatures. In these areas and more, plastic vials have made clear in-roads in
the pharmaceutical drug delivery market.

Protein and peptide adsorption: Numerous studies have addressed the adsorption of
proteins to packaging containers. This interaction of proteins and peptides with the
surfaces of storage containers can result in their loss and destabilization (12–14).
Although the amount bound is typically low, this problem can be acute at low protein
concentration where a substantial portion of what is usually assumed to be solution-
state protein may actually be adsorbed to the container walls. Although protein

Table 2 COP/COC Packaging Systems for Parenteral Delivery

Company Trade-name/type of cyclic olefin Delivery system/sizes

Amcor/Alcan Packaging COC Vials 2 mL and 5 mL
Aseptic Technologies/Rexam Crystal1/COC Closed vialsa 1–50 mL
Becton Dickinson Sterifill1/Crystal Clear Polymer PFSb 5–50 mL
Daikyo/West Daikyo Crystal Zenith1/COP PFSb 0.5–100 mL

Vialsa 0.5–1000 mL
Gerresheimer/Taisei Kako Clearject1/COP PFSb 1–20 mL
Rexam MLx/COC, COP Multilayer vials & bottles
Schott Schott TopPac1/COC PFSb 0.5–50 mL

Vials 2–100 mL

aPresterilized vials and containers available
bPresterilized formats available
Abbreviations: COP, cyclic olefin polymer; COC, cyclic olefin copolymer; PFS, prefillable syringe.
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applications. Recently there is increased interest in the use of newer plastics,
particularly the cyclic olefins, as parenteral vials as they provide clarity and inert
surfaces for biopharmaceutical and biological applications. When combined with
plastic’s inherent break-resistant attribute and the need for biologics to be stored and
transported at lower temperatures, the future of cyclic olefin based plastics appears
bright. Cyclic olefin polymers (COP) and copolymers (COC) are considered to be an
ideal plastic for vial systems because they have glass-like clarity and suitable
physicochemical properties and the ability to be sterilized.

The vendors in this area may be divided into those that manufacture the COP and
COC resins such as the Zeon Corporation and Topas Advanced Polymers and
companies that convert the resin into parenteral containers such as Schott Forma
Vitrum that offers a range of sizes of both syringes and vials made out of COC under
the brand name Schott TopPac1. Daikyo Seiko, Ltd. of Japan has used a proprietary
COP resin to produce a range of sizes of conical, flat-bottom vials and larger screw-top
containers, under the brand name of Crystal Zenith. West Pharmaceutical Services,
Inc. (West) partners with Daikyo to codevelop, market and sell sterile and nonsterile
CZ vials. As a result of the anticipated growth, the suppliers of resins and products
have made significant investments to their supply chain to maintain continuity of
supply. Rexam offers a new generation of multilayered plastic vials called MLx that
are being used as a container with improved barrier properties. The COC vials
produced by Aseptic Technologies represent a newer approach to vial handling and
filling called the Crystal1 technology, licensed from Medical Instill Technologies
(Table 2). The vials and stoppers are molded and assembled immediately under clean
conditions and gamma sterilized. Filling is achieved by piercing the thermoplastic
closure and then immediately resealing the puncture with a laser. COP and COC vials
have been tested and used to replace glass in various pharmaceutical parenteral
applications. This is because glass contains free alkali oxides and traces of metals and,
at higher pH conditions, can undergo delamination, thus affecting the stability of the
drug product (8,9). Proteins and peptides can be adsorbed on a glass surface and can
either be denatured or become unavailable for treatment (10,11). Glass particles can
promote protein particulate formation, and glass is also more likely to break under
processing, storage or transportation of biopharmaceutical products, especially at
lower temperatures. In these areas and more, plastic vials have made clear in-roads in
the pharmaceutical drug delivery market.

Protein and peptide adsorption: Numerous studies have addressed the adsorption of
proteins to packaging containers. This interaction of proteins and peptides with the
surfaces of storage containers can result in their loss and destabilization (12–14).
Although the amount bound is typically low, this problem can be acute at low protein
concentration where a substantial portion of what is usually assumed to be solution-
state protein may actually be adsorbed to the container walls. Although protein

Table 2 COP/COC Packaging Systems for Parenteral Delivery

Company Trade-name/type of cyclic olefin Delivery system/sizes

Amcor/Alcan Packaging COC Vials 2 mL and 5 mL
Aseptic Technologies/Rexam Crystal1/COC Closed vialsa 1–50 mL
Becton Dickinson Sterifill1/Crystal Clear Polymer PFSb 5–50 mL
Daikyo/West Daikyo Crystal Zenith1/COP PFSb 0.5–100 mL

Vialsa 0.5–1000 mL
Gerresheimer/Taisei Kako Clearject1/COP PFSb 1–20 mL
Rexam MLx/COC, COP Multilayer vials & bottles
Schott Schott TopPac1/COC PFSb 0.5–50 mL

Vials 2–100 mL

aPresterilized vials and containers available
bPresterilized formats available
Abbreviations: COP, cyclic olefin polymer; COC, cyclic olefin copolymer; PFS, prefillable syringe.
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binding is protein and formulation dependent, studies have shown a trend toward less
protein adsorption to cyclic olefin containers. Burke et al. (15) compared glass vials
with plastic vials made of polyester, PP and nylon for protein binding. Although no
clear conclusion could be drawn on the binding characteristics of these primary
packaging materials, it was observed that the degree of binding was highly protein-
dependent. Qadry et al. (11) showed less protein binding to plastic CZ vials compared
with type I glass, suggesting that the CZ vial is a potential candidate for an alternative
material to the glass vial because of low affinity of proteins to bind to its surface. Eu et
al. (16) compared the level of adsorption between glass and CZ vials and showed that
a model protein preferentially adsorbed to glass vials compared with CZ vials. The
authors used gold nano-particle staining techniques for a visual comparison of protein
adsorbed to vial surfaces, but this technique does not permit quantitation of the
amount of protein adsorbed to the surface. Waxman et al. (17) developed methods to
quantitate protein adsorption on vial surfaces. One method uses the protein stain
colloidal coomassie, which binds to protein adsorbed to vial surfaces and can be eluted
and quantitated spectrophotometrically; the other method involves hydrolyzing the
protein adsorbed in situ and quantitating the peptides released fluorometrically after
reaction with fluorescamine. These approaches allow testing over a much broader
range of protein concentrations without the use of radiolabeling. Using these methods,
the authors confirmed that binding occurs rapidly and the amount of protein adsorbed
per SVP vial is typically in microgram quantities. Protein adsorption to CZ vials was
found to be independent of ionic strength, likely because of its hydrophobicity; in
contrast adsorption to glass vials was inhibited with increasing ionic strength,
indicating the effect of electrostatic interaction with glass containers. In our opinion,
protein adsorption is clearly protein dependent, and testing needs to include glass and
plastic containers with elastomer influence, before optimizing the drug formulation
and container closure system.

Storage and transport at low temperatures: In the area of cell therapy, stem cell research
holds significant promise for development of innovative therapies for many unmet or
partially met disease treatments. As products enter clinical development stages, there
is need for clean, clear, biocompatible, low extractables containers. The ideal vial-based
system should be a suitable package to store and transport cell therapy products at
lower temperatures; it should be suitable for commercial filling and meet
pharmaceutical quality requirements. PP is a plastic resin that has been used for
decades for various packaging applications including bottles, pouches, prefilled
syringes, tubes and containers. Plastic resins have made minimal headway in the area
of parenteral vials because of various quality attributes. A study investigated the use of
CZ plastic vials for storing and shipping cell therapy products at low temperature
(�858C) or cryopreserved (�1968C) for six months using 0.5, 5.0 and 30 mL volume
vials (18). Vials were tested for durability and integrity of a filled vial using a 1-m drop
test, and for the ability to maintain viability and functionality of stem cells over the
time of storage. No evidence of external damage was found on vial surfaces in the 1-m
drop test. Post-thaw viability using dye exclusion assay was >95% and stored cells
exhibited rapid recovery two hours post-thaw. Cultures were *70% confluent within
five to seven days, consistent with nonfrozen controls and indicative of functional
recovery. CZ vials were durable and allowed for preservation and maintenance of cell
viability and functionality, showing that these vials offer significant benefits to storing
and transporting biological and biopharmaceutical products for storage, clinical and
commercial applications.

Lyophilization and reconstitution: Cyclic olefin based plastics COC and CZ vials have been
extensively studied for packaging lyophilized products. Freeze-drying in a plastic vial
brings added advantages, especially when cytotoxic and biohazard products need to
be packaged. Crystal technology, developed by Aseptic Technologies, applies the
closed-vial technology for lyophilization (19) and for liquid fills. After filling closed
vials using a piercing needle, a small disposable device called the penetrator reopens
the orifice and, when the lyophilization chamber shelves move, the penetrator is
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binding is protein and formulation dependent, studies have shown a trend toward less
protein adsorption to cyclic olefin containers. Burke et al. (15) compared glass vials
with plastic vials made of polyester, PP and nylon for protein binding. Although no
clear conclusion could be drawn on the binding characteristics of these primary
packaging materials, it was observed that the degree of binding was highly protein-
dependent. Qadry et al. (11) showed less protein binding to plastic CZ vials compared
with type I glass, suggesting that the CZ vial is a potential candidate for an alternative
material to the glass vial because of low affinity of proteins to bind to its surface. Eu et
al. (16) compared the level of adsorption between glass and CZ vials and showed that
a model protein preferentially adsorbed to glass vials compared with CZ vials. The
authors used gold nano-particle staining techniques for a visual comparison of protein
adsorbed to vial surfaces, but this technique does not permit quantitation of the
amount of protein adsorbed to the surface. Waxman et al. (17) developed methods to
quantitate protein adsorption on vial surfaces. One method uses the protein stain
colloidal coomassie, which binds to protein adsorbed to vial surfaces and can be eluted
and quantitated spectrophotometrically; the other method involves hydrolyzing the
protein adsorbed in situ and quantitating the peptides released fluorometrically after
reaction with fluorescamine. These approaches allow testing over a much broader
range of protein concentrations without the use of radiolabeling. Using these methods,
the authors confirmed that binding occurs rapidly and the amount of protein adsorbed
per SVP vial is typically in microgram quantities. Protein adsorption to CZ vials was
found to be independent of ionic strength, likely because of its hydrophobicity; in
contrast adsorption to glass vials was inhibited with increasing ionic strength,
indicating the effect of electrostatic interaction with glass containers. In our opinion,
protein adsorption is clearly protein dependent, and testing needs to include glass and
plastic containers with elastomer influence, before optimizing the drug formulation
and container closure system.

Storage and transport at low temperatures: In the area of cell therapy, stem cell research
holds significant promise for development of innovative therapies for many unmet or
partially met disease treatments. As products enter clinical development stages, there
is need for clean, clear, biocompatible, low extractables containers. The ideal vial-based
system should be a suitable package to store and transport cell therapy products at
lower temperatures; it should be suitable for commercial filling and meet
pharmaceutical quality requirements. PP is a plastic resin that has been used for
decades for various packaging applications including bottles, pouches, prefilled
syringes, tubes and containers. Plastic resins have made minimal headway in the area
of parenteral vials because of various quality attributes. A study investigated the use of
CZ plastic vials for storing and shipping cell therapy products at low temperature
(�858C) or cryopreserved (�1968C) for six months using 0.5, 5.0 and 30 mL volume
vials (18). Vials were tested for durability and integrity of a filled vial using a 1-m drop
test, and for the ability to maintain viability and functionality of stem cells over the
time of storage. No evidence of external damage was found on vial surfaces in the 1-m
drop test. Post-thaw viability using dye exclusion assay was >95% and stored cells
exhibited rapid recovery two hours post-thaw. Cultures were *70% confluent within
five to seven days, consistent with nonfrozen controls and indicative of functional
recovery. CZ vials were durable and allowed for preservation and maintenance of cell
viability and functionality, showing that these vials offer significant benefits to storing
and transporting biological and biopharmaceutical products for storage, clinical and
commercial applications.

Lyophilization and reconstitution: Cyclic olefin based plastics COC and CZ vials have been
extensively studied for packaging lyophilized products. Freeze-drying in a plastic vial
brings added advantages, especially when cytotoxic and biohazard products need to
be packaged. Crystal technology, developed by Aseptic Technologies, applies the
closed-vial technology for lyophilization (19) and for liquid fills. After filling closed
vials using a piercing needle, a small disposable device called the penetrator reopens
the orifice and, when the lyophilization chamber shelves move, the penetrator is
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pushed down, releasing the water vapor. Lyophilization of mannitol and arginine was
studied in Daikyo’s CZ vials and compared with molded glass and tubing glass vials.
The crystallinity of mannitol in CZ vials was either greater or comparable to glass
vials. There was thermal homogeneity within the CZ vial during the lyophilization
cycle, providing more uniformity within the cake (20). Despite the fact that COC and
CZ plastics provide a high moisture vapor barrier, it is always recommended that a
secondary packaging barrier such as an aluminum pouch or a blister pouch with
aluminum lidding and very low water vapor thermoformable film be used to assure
adequate shelf-life protection for lyophilized products. For liquid fills in COC or COP,
additional barriers are not necessary because of the low moisture vapor transmission
rate of cyclic olefins.

Many drug candidates are marketed in lyophilized form to maintain shelf-life
stability and require reconstitution prior to administration. Some of these products,
including treatments for hemophilia, multiple sclerosis and autoimmune diseases,
may be administered in a home environment. Traditional reconstitution requires the
use of multiple vials and needles, which can prove to be complicated for patients or
untrained personnel, and may increase chances for needle stick injuries. In recent
years, there has been an increasing use of safer and more convenient reconstitution
devices made out of plastics. These provide simple methods to reconstitute products
without the use of needles and may also improve the effectiveness of the reconstitution
process and compliance with the dosing regimen. There are several types of
reconstitution systems designed to connect the drug container (typically a vial) to a
diluent container (either a vial or a prefilled syringe). Plastic reconstitution devices are
sterile, nonpyrogenic, biocompatible and fully supported by appropriate regulatory
filings (21). They are designed for short-term contact with the drug product, and can
be manufactured from a variety of medical grade plastic materials, such as PC and
polyolefins, with the precise material selected on the basis of functional requirements.
An example of a plastic reconstitution device, a vial adapter, is shown in Figure 4. For
most vial adapters, and other components where a plastic spike is required, PC is used
as it provides the appropriate balance of rigidity and sharpness to optimize spiking
performance and attachment to the vial. Other materials, such as HDPE, can be used
for components within the system where a stopcock system is required. These
component devices are packaged in a rigid blister, often made from PET, to maintain
sterility and to enable ease of handling and protection of the device during use. Plastic
vial adapters can provide safe, easy to use and cost-effective diluent transfer to a
lyophilized drug vial. The adapter snaps to the neck of the standard vial after the
plastic button has been removed. A plastic spike pierces the stopper; needles are not

Figure 4 Vial adapter. Source: From Medimop
Medical Projects Ltd.
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pushed down, releasing the water vapor. Lyophilization of mannitol and arginine was
studied in Daikyo’s CZ vials and compared with molded glass and tubing glass vials.
The crystallinity of mannitol in CZ vials was either greater or comparable to glass
vials. There was thermal homogeneity within the CZ vial during the lyophilization
cycle, providing more uniformity within the cake (20). Despite the fact that COC and
CZ plastics provide a high moisture vapor barrier, it is always recommended that a
secondary packaging barrier such as an aluminum pouch or a blister pouch with
aluminum lidding and very low water vapor thermoformable film be used to assure
adequate shelf-life protection for lyophilized products. For liquid fills in COC or COP,
additional barriers are not necessary because of the low moisture vapor transmission
rate of cyclic olefins.

Many drug candidates are marketed in lyophilized form to maintain shelf-life
stability and require reconstitution prior to administration. Some of these products,
including treatments for hemophilia, multiple sclerosis and autoimmune diseases,
may be administered in a home environment. Traditional reconstitution requires the
use of multiple vials and needles, which can prove to be complicated for patients or
untrained personnel, and may increase chances for needle stick injuries. In recent
years, there has been an increasing use of safer and more convenient reconstitution
devices made out of plastics. These provide simple methods to reconstitute products
without the use of needles and may also improve the effectiveness of the reconstitution
process and compliance with the dosing regimen. There are several types of
reconstitution systems designed to connect the drug container (typically a vial) to a
diluent container (either a vial or a prefilled syringe). Plastic reconstitution devices are
sterile, nonpyrogenic, biocompatible and fully supported by appropriate regulatory
filings (21). They are designed for short-term contact with the drug product, and can
be manufactured from a variety of medical grade plastic materials, such as PC and
polyolefins, with the precise material selected on the basis of functional requirements.
An example of a plastic reconstitution device, a vial adapter, is shown in Figure 4. For
most vial adapters, and other components where a plastic spike is required, PC is used
as it provides the appropriate balance of rigidity and sharpness to optimize spiking
performance and attachment to the vial. Other materials, such as HDPE, can be used
for components within the system where a stopcock system is required. These
component devices are packaged in a rigid blister, often made from PET, to maintain
sterility and to enable ease of handling and protection of the device during use. Plastic
vial adapters can provide safe, easy to use and cost-effective diluent transfer to a
lyophilized drug vial. The adapter snaps to the neck of the standard vial after the
plastic button has been removed. A plastic spike pierces the stopper; needles are not

Figure 4 Vial adapter. Source: From Medimop
Medical Projects Ltd.
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used. Plastic vial-to-vial transfer systems also offer a similar level of simplicity and
cost-effectiveness through a double-spike adapter that connects to the top of each vial
(lyophilized drug and diluent). This is an ideal solution for connecting vials of
different sizes. These advanced plastic reconstitution systems offer several benefits,
including ease of use by patients and caregivers; protection against drug spray-back
and accidental needle stick injuries; needleless reconstitution and transfer. They may
also help drug manufacturers reduce the amount of overfill in the drug vial (22).

Process considerations: Glass vials are washed, depyrogenated and sterilized by heat
before they are filled. Plastic containers cannot be heated to high temperatures for
depyrogenation, therefore alternative methods are used. Plastic molding and
packaging in environmentally controlled clean rooms usually produce products that
have very low bioburden and low particulate level. Nonsterilized vials undergo water-
for-injection rinses for depyrogenation, followed by sterilization using autoclave,
radiation (gamma or e-beam) or ethylene oxide. All handling operations are designed
to avoid scratching the vials’ outer surfaces, as plastics have a tendency to scratch. To
minimize scratching, care is usually taken not to stack vials too tightly in processing.
During autoclave sterilization processing, hazing of the plastic walls is known to
occur. This is where moisture gets trapped during processing and may take a few days
to diffuse out, but the clarity and integrity of the vial is not compromised. Vial spacing
during the autoclave sterilization process may help mitigate this effect. For vials in a
ready-to-use format, vendors offer sterile vials and containers. Sterile vials or
containers are nonpyrogenic and have a very low particulate level, and could be
used to store and transport drug products as early as first-in-human studies. Most
commercial filling companies can accommodate filling of COP and COC plastic vials if
care is taken to accommodate the characteristics of plastic vials. During filling of
plastic vials, guide rails and vial handling change parts should be covered with a
material that will limit scratching of the vials. The speed of the filling line may also
need to be adjusted to accommodate filling of the lighter plastic vials.

PREFILLABLE SYRINGE SYSTEMS
Market considerations: In the current global market, PFS comprise more than 2.0 billion

syringes per year in development and use. The origin of the prefilled syringes’ rise as
the preferred container was an extremely successful market introduction of syringes
for heparins by Sanofi and Rhone Poulene-Rorer (Sanofi-Aventis) in Europe in the
early 1980s. The PFS market has now exploded because of several factors: the growth
of biopharmaceuticals; the need to eliminate overfills; precision of delivery volume;
convenience of delivery, cost-effectiveness; elimination of dosage errors or a
combination of these factors (23–26). Glass continues to dominate the PFS markets
with a significant market share; however, plastic PFS are beginning to make advances,
especially where glass has been unsuitable as a delivery system. PFS have been in use
as larger volume containers for x-ray contrast media or medical devices such as
hyaluronic acid derivatives (23). In the last decade, however, pharmaceutical drug
products have been approved for use with prefillable plastic syringes, including a new
chemical entity for oncology and a peptide drug product for the treatment of
osteoporosis (Table 3).

Table 3 Global Regulatory Approvals of Drug Products in Cyclic Olefin Polymers/Cyclic Olefin Copolymers

Therapeutic area Plastic packaging Approvals

Anemia Cyclic Olefin Japan
Osteoporosis/Oncology CZ vials United States, Europe, Japan
Antifungal CZ vial Japan
Osteoporosis CZ syringe Japan
Radiology CZ syringe Japan
WFI product (for thrombolytic drug) TopPac1 syringes Europe

Abbreviation: CZ, Daikyo Crystal Zenith1.
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used. Plastic vial-to-vial transfer systems also offer a similar level of simplicity and
cost-effectiveness through a double-spike adapter that connects to the top of each vial
(lyophilized drug and diluent). This is an ideal solution for connecting vials of
different sizes. These advanced plastic reconstitution systems offer several benefits,
including ease of use by patients and caregivers; protection against drug spray-back
and accidental needle stick injuries; needleless reconstitution and transfer. They may
also help drug manufacturers reduce the amount of overfill in the drug vial (22).

Process considerations: Glass vials are washed, depyrogenated and sterilized by heat
before they are filled. Plastic containers cannot be heated to high temperatures for
depyrogenation, therefore alternative methods are used. Plastic molding and
packaging in environmentally controlled clean rooms usually produce products that
have very low bioburden and low particulate level. Nonsterilized vials undergo water-
for-injection rinses for depyrogenation, followed by sterilization using autoclave,
radiation (gamma or e-beam) or ethylene oxide. All handling operations are designed
to avoid scratching the vials’ outer surfaces, as plastics have a tendency to scratch. To
minimize scratching, care is usually taken not to stack vials too tightly in processing.
During autoclave sterilization processing, hazing of the plastic walls is known to
occur. This is where moisture gets trapped during processing and may take a few days
to diffuse out, but the clarity and integrity of the vial is not compromised. Vial spacing
during the autoclave sterilization process may help mitigate this effect. For vials in a
ready-to-use format, vendors offer sterile vials and containers. Sterile vials or
containers are nonpyrogenic and have a very low particulate level, and could be
used to store and transport drug products as early as first-in-human studies. Most
commercial filling companies can accommodate filling of COP and COC plastic vials if
care is taken to accommodate the characteristics of plastic vials. During filling of
plastic vials, guide rails and vial handling change parts should be covered with a
material that will limit scratching of the vials. The speed of the filling line may also
need to be adjusted to accommodate filling of the lighter plastic vials.

PREFILLABLE SYRINGE SYSTEMS
Market considerations: In the current global market, PFS comprise more than 2.0 billion

syringes per year in development and use. The origin of the prefilled syringes’ rise as
the preferred container was an extremely successful market introduction of syringes
for heparins by Sanofi and Rhone Poulene-Rorer (Sanofi-Aventis) in Europe in the
early 1980s. The PFS market has now exploded because of several factors: the growth
of biopharmaceuticals; the need to eliminate overfills; precision of delivery volume;
convenience of delivery, cost-effectiveness; elimination of dosage errors or a
combination of these factors (23–26). Glass continues to dominate the PFS markets
with a significant market share; however, plastic PFS are beginning to make advances,
especially where glass has been unsuitable as a delivery system. PFS have been in use
as larger volume containers for x-ray contrast media or medical devices such as
hyaluronic acid derivatives (23). In the last decade, however, pharmaceutical drug
products have been approved for use with prefillable plastic syringes, including a new
chemical entity for oncology and a peptide drug product for the treatment of
osteoporosis (Table 3).

Table 3 Global Regulatory Approvals of Drug Products in Cyclic Olefin Polymers/Cyclic Olefin Copolymers

Therapeutic area Plastic packaging Approvals

Anemia Cyclic Olefin Japan
Osteoporosis/Oncology CZ vials United States, Europe, Japan
Antifungal CZ vial Japan
Osteoporosis CZ syringe Japan
Radiology CZ syringe Japan
WFI product (for thrombolytic drug) TopPac1 syringes Europe

Abbreviation: CZ, Daikyo Crystal Zenith1.

314 VOLUME 1: FORMULATION AND PACKAGING

Amneal Exhibit 1013, Page 75 of 84 
Amneal Pharmaceuticals, Inc. v. Nivagen Pharmaceuticals, Inc. 

IPR2025-00779



[ram][7x10 Tight][D:/informa_Publishing/NEMA_Vol1_2400047/z_production/z_3B2_3D_files/
978-1-4200-8643-0_CH0012_O.3d] [3/7/010/20:3:49] [305–323]

Although not reaching the adoption level of glass syringes, plastics syringe systems
continue to gain strong acceptance from pharmaceutical manufacturers because of
recent improvements in design, composition and manufacture. Plastic syringes were
historically made out of PP, however, recent developments in the area of thermo-
elastic polymers, such as cyclic olefins, have made substantial headway in the use of
plastics as a PFS system. COP is as clear as glass, has low extractables, is less reactive
and has better barrier properties compared with PP. Multiple vendors offer different
sizes of syringes in sterile nested configuration or as nonsterile bulk syringes. Cyclic
olefin plastic barrels are formed by injection molding under clean conditions and
assembled in similar conditions, primarily to maintain a high level of cleanliness.
Plastic syringes are sterilized either by autoclave, radiation (gamma or electron beam)
or by ethylene oxide, but not by dry heat, and are offered as assembled sterile syringes
that are ready for filling. The molding process also provides a greater degree of
flexibility to include design features such as a plastic finger grip that can be combined
with a back stop to prevent the piston being pulled out of the barrel.

To meet the need for lubricity and sealability, syringe manufacturers use silicone to
coat the glass barrels and elastomer components. Silicone facilitates ease of movement
of pistons in filling and stoppering equipment, and allows pistons to glide smoothly
on activation of syringes. Silicone, however, can interact with drug formulation
components (27,28). Recent developments to minimize free silicone include baking
silicone at high heat onto the glass barrels, thereby minimizing the amount of free
silicone that can interact with drug product. Advances in elastomer closure
technologies have produced closures that do not require siliconization because of a
special polymer lamination applied to the outer surface of the piston, thereby offering
a silicone oil–free PFS system such as the Daikyo CZ syringe system. The syringe
system includes a plastic COP barrel, nozzle cap and piston laminated with a fluoro-
polymer lamination, Flurotec1, and requires no silicone for consistent functionality.
Flurotec is a lamination technology using copolymer film of polyethylene tetrafluoro-
ethylene (PTFE) or ethylene tetrafluoroethylene (ETFE). Helvoet (Omniflex1 3G)
pistons also have a fluoro-polymer coating, however, these typically are coated with a
sprayed-on polyvinylidene fluoride (PVDF) and will need siliconization for use with
glass or plastic barrels. Use of these coated stoppers provides lubricity for
machinability and reduces piston clumping in feeder bowls. Additional benefits,
depending on the coating used, include a decrease in particle generation and a
reduction of extractables from the elastomer (27,29).

Improving protein stability: Growth in the pharmaceutical industry is expected to be driven
by biotechnology products and vaccines. This will be associated with significant
challenges in the formulation development of proteins such as monoclonal antibodies,
as they are typically administered in high doses. High-concentration proteins have a
propensity to interact with each other and with the packaging components and cause
protein instability, especially when the volume of delivery is approximately 1 mL.
Challenges with glass PFS typically encompass breakage, presence of particulates,
glass reactivity to the drug product and potential leachables including silicone,
tungsten and adhesive. A plastic PFS offers options to solve such challenges. A plastic
PFS can eliminate silicone, tungsten and adhesive, depending on the quality attributes of
the entire prefillable system. For instance, the CZ insert needle system uses no silicone for
syringe functionality, no tungsten (commonly used during the glass syringe forming
process) and no adhesive (commonly used to hold the staked needle in place).

There are reports that the detachment of silicone oil in water-filled syringes is
possible (30) and can result in particulate matter and clouding phenomenon. Silicone
oil interaction has been suspected as being responsible for aggregation in protein
pharmaceuticals. Several publications in the 1980s have discussed this issue, especially
with regard to the aggregation of insulin in disposable siliconized plastic syringes
(31–33). Surfactants such as polysorbates have been used extensively to prevent/
inhibit protein surface adsorption and aggregation under various processing
conditions (34,35). One consequence with using polysorbates in protein preparations
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Although not reaching the adoption level of glass syringes, plastics syringe systems
continue to gain strong acceptance from pharmaceutical manufacturers because of
recent improvements in design, composition and manufacture. Plastic syringes were
historically made out of PP, however, recent developments in the area of thermo-
elastic polymers, such as cyclic olefins, have made substantial headway in the use of
plastics as a PFS system. COP is as clear as glass, has low extractables, is less reactive
and has better barrier properties compared with PP. Multiple vendors offer different
sizes of syringes in sterile nested configuration or as nonsterile bulk syringes. Cyclic
olefin plastic barrels are formed by injection molding under clean conditions and
assembled in similar conditions, primarily to maintain a high level of cleanliness.
Plastic syringes are sterilized either by autoclave, radiation (gamma or electron beam)
or by ethylene oxide, but not by dry heat, and are offered as assembled sterile syringes
that are ready for filling. The molding process also provides a greater degree of
flexibility to include design features such as a plastic finger grip that can be combined
with a back stop to prevent the piston being pulled out of the barrel.

To meet the need for lubricity and sealability, syringe manufacturers use silicone to
coat the glass barrels and elastomer components. Silicone facilitates ease of movement
of pistons in filling and stoppering equipment, and allows pistons to glide smoothly
on activation of syringes. Silicone, however, can interact with drug formulation
components (27,28). Recent developments to minimize free silicone include baking
silicone at high heat onto the glass barrels, thereby minimizing the amount of free
silicone that can interact with drug product. Advances in elastomer closure
technologies have produced closures that do not require siliconization because of a
special polymer lamination applied to the outer surface of the piston, thereby offering
a silicone oil–free PFS system such as the Daikyo CZ syringe system. The syringe
system includes a plastic COP barrel, nozzle cap and piston laminated with a fluoro-
polymer lamination, Flurotec1, and requires no silicone for consistent functionality.
Flurotec is a lamination technology using copolymer film of polyethylene tetrafluoro-
ethylene (PTFE) or ethylene tetrafluoroethylene (ETFE). Helvoet (Omniflex1 3G)
pistons also have a fluoro-polymer coating, however, these typically are coated with a
sprayed-on polyvinylidene fluoride (PVDF) and will need siliconization for use with
glass or plastic barrels. Use of these coated stoppers provides lubricity for
machinability and reduces piston clumping in feeder bowls. Additional benefits,
depending on the coating used, include a decrease in particle generation and a
reduction of extractables from the elastomer (27,29).

Improving protein stability: Growth in the pharmaceutical industry is expected to be driven
by biotechnology products and vaccines. This will be associated with significant
challenges in the formulation development of proteins such as monoclonal antibodies,
as they are typically administered in high doses. High-concentration proteins have a
propensity to interact with each other and with the packaging components and cause
protein instability, especially when the volume of delivery is approximately 1 mL.
Challenges with glass PFS typically encompass breakage, presence of particulates,
glass reactivity to the drug product and potential leachables including silicone,
tungsten and adhesive. A plastic PFS offers options to solve such challenges. A plastic
PFS can eliminate silicone, tungsten and adhesive, depending on the quality attributes of
the entire prefillable system. For instance, the CZ insert needle system uses no silicone for
syringe functionality, no tungsten (commonly used during the glass syringe forming
process) and no adhesive (commonly used to hold the staked needle in place).

There are reports that the detachment of silicone oil in water-filled syringes is
possible (30) and can result in particulate matter and clouding phenomenon. Silicone
oil interaction has been suspected as being responsible for aggregation in protein
pharmaceuticals. Several publications in the 1980s have discussed this issue, especially
with regard to the aggregation of insulin in disposable siliconized plastic syringes
(31–33). Surfactants such as polysorbates have been used extensively to prevent/
inhibit protein surface adsorption and aggregation under various processing
conditions (34,35). One consequence with using polysorbates in protein preparations
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is their potentially adverse effect on protein stability, including the oxidative damage
of the residual peroxides in Tweens, which are generated during processing or storage
(36). This can pose a serious problem affecting the shelf-life of products. Polysorbates
and their concentration should be selected carefully. In addition, the choice of a
suitable container will help mitigate significant risks of protein aggregation caused by
silicone oil. The propensity of proteins to aggregate when silicone oil is present in
formulation was further investigated by Esfandairy et al. (37). Silicone oil–induced
aggregation of proteins was studied on silicone oil–free plastic syringe systems and
siliconized glass PFS systems. The study included model proteins at low concentra-
tions of 0.35 mg/mL to as high as 25 mg/mL. Although no unambiguous
generalization was drawn at lower concentration, there was a clear effect at protein
concentrations as high as 25 mg/mL. Effects on protein aggregation with silicone oil
were observed during air shipment of samples, caused by effects of agitation and
vibration. The study showed that the extent of aggregation in silicone oil–free CZ
syringes was less compared with siliconized glass syringes under the conditions
examined (Fig. 5). The study recommended that the susceptibility of therapeutic
proteins to silicone oil–induced aggregation be investigated on a suitable container
closure system before finalizing stabilized formulations and container selection.

Various methods are used to siliconize syringes, including stationary nozzles and
diving nozzles. Recent studies have shown that (16) silicone oil distribution is often
nonuniform, leaving certain areas of the syringe surface without any silicone oil. The
low or inconsistent silicone oil coating can have a significant impact on the piston
travel/glide forces, especially in the use of autoinjectors. In 2006, lots of Neulasta1

delivered by an autoinjector containing a glass PFS were recalled in a number of
European countries because of problems with slow or incomplete delivery of the drug
(38). Areas of nonuniformity cause travel forces to increase, causing failure or
incomplete injection. In addition, there has been significant attention to tungsten as a
leachable present in glass PFS. These reports discuss tungsten-based particulate matter
leaching and interacting with the protein drug product (39). Tungsten pins are
typically used to keep the fluid path open at the nozzle end of the syringe at around
12008C during the glass syringe forming process. Upon cooling, a needle is staked-in
with adhesive, to make a glass PFS with a staked needle. The residual tungsten had
migrated into the drug product and caused the protein to form protein-tungsten
aggregates. Although this appears to be protein specific, it is important to test for
protein-tungsten interaction at an early stage of drug development. In another case, a
residue was observed in a PFS during the manufacturer’s inspection. Upon
investigation, the material was identified as poly (metaxylylene adipamide), a
component of the glass fiber pin use by the syringe developer during the needle
assembly and curing process (40). Such concerns may be mitigated with the use of
COP/COC syringes. Silicone oil–free CZ syringes have been shown to have consistent
travel forces over time and temperature. The dimensional tolerance of plastic syringes
and consistency of syringe functionality will provide a predictable operation of a drug
product–filled autoinjector. CZ syringe systems have no tungsten as a leachable because
the needle is insert-molded, avoiding the need for tungsten pins and adhesive, which

Figure 5 Aggregates in siliconized
syringes and silicone-free syringes.
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is their potentially adverse effect on protein stability, including the oxidative damage
of the residual peroxides in Tweens, which are generated during processing or storage
(36). This can pose a serious problem affecting the shelf-life of products. Polysorbates
and their concentration should be selected carefully. In addition, the choice of a
suitable container will help mitigate significant risks of protein aggregation caused by
silicone oil. The propensity of proteins to aggregate when silicone oil is present in
formulation was further investigated by Esfandairy et al. (37). Silicone oil–induced
aggregation of proteins was studied on silicone oil–free plastic syringe systems and
siliconized glass PFS systems. The study included model proteins at low concentra-
tions of 0.35 mg/mL to as high as 25 mg/mL. Although no unambiguous
generalization was drawn at lower concentration, there was a clear effect at protein
concentrations as high as 25 mg/mL. Effects on protein aggregation with silicone oil
were observed during air shipment of samples, caused by effects of agitation and
vibration. The study showed that the extent of aggregation in silicone oil–free CZ
syringes was less compared with siliconized glass syringes under the conditions
examined (Fig. 5). The study recommended that the susceptibility of therapeutic
proteins to silicone oil–induced aggregation be investigated on a suitable container
closure system before finalizing stabilized formulations and container selection.

Various methods are used to siliconize syringes, including stationary nozzles and
diving nozzles. Recent studies have shown that (16) silicone oil distribution is often
nonuniform, leaving certain areas of the syringe surface without any silicone oil. The
low or inconsistent silicone oil coating can have a significant impact on the piston
travel/glide forces, especially in the use of autoinjectors. In 2006, lots of Neulasta1

delivered by an autoinjector containing a glass PFS were recalled in a number of
European countries because of problems with slow or incomplete delivery of the drug
(38). Areas of nonuniformity cause travel forces to increase, causing failure or
incomplete injection. In addition, there has been significant attention to tungsten as a
leachable present in glass PFS. These reports discuss tungsten-based particulate matter
leaching and interacting with the protein drug product (39). Tungsten pins are
typically used to keep the fluid path open at the nozzle end of the syringe at around
12008C during the glass syringe forming process. Upon cooling, a needle is staked-in
with adhesive, to make a glass PFS with a staked needle. The residual tungsten had
migrated into the drug product and caused the protein to form protein-tungsten
aggregates. Although this appears to be protein specific, it is important to test for
protein-tungsten interaction at an early stage of drug development. In another case, a
residue was observed in a PFS during the manufacturer’s inspection. Upon
investigation, the material was identified as poly (metaxylylene adipamide), a
component of the glass fiber pin use by the syringe developer during the needle
assembly and curing process (40). Such concerns may be mitigated with the use of
COP/COC syringes. Silicone oil–free CZ syringes have been shown to have consistent
travel forces over time and temperature. The dimensional tolerance of plastic syringes
and consistency of syringe functionality will provide a predictable operation of a drug
product–filled autoinjector. CZ syringe systems have no tungsten as a leachable because
the needle is insert-molded, avoiding the need for tungsten pins and adhesive, which

Figure 5 Aggregates in siliconized
syringes and silicone-free syringes.
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are typically used with glass staked-needle syringes. The manufacturer has developed
a PFS system intended for biopharmaceutical drug delivery that is free of silicone oil,
tungsten and adhesive (41).

Process considerations: In the current market environment, presterilized, ready-to-fill
syringes are increasingly more prevalent. PFS are now available in sterile and ready-
to-used formats. As glass PFS are already being filled using tubs, a switch to PFS in
a similar tub and nest configuration has been achieved using the same filling
machines, with minor modification and change parts to accommodate plastics. Most
commercial filling companies can accommodate plastic syringes. The control of
dimensional tolerances of plastic syringes far exceeds that of glass syringes and,
because they are less prone to breakage and shattering, plastic prefilled syringes are
generally easy substitutions for glass PFS on modern filling/processing equipment.
There are, however, some physical differences between glass and plastic that should
be considered before running plastic PFS on a filling/processing line designed for
glass PFS. Plastic syringes are prone to scratches and cosmetic defects from contact
with metal surfaces in processing equipment and the weight of plastic PFS is less than
their glass equivalents. Scratching may create an unacceptable level of cosmetic
defects. Lighter weight syringes can cause problems when gravity is responsible for
syringes settling into place in processing equipment. The issues of weight and
scratching often manifest themselves when metal centering devices are used to hold
and center PFS during filling and stoppering processes. These problems can be
overcome by reengineering some parts of filling and processing equipment or by
running equipment at slower speeds. It is expected that, as the use of plastic PFS
becomes more prevalent, manufacturers of filling/processing equipment will design
equipment that performs equally well with both glass and plastic PFS.

There are various processes for filling and stoppering PFS. These include filling and
stoppering using vent-tube, or vacuum fill or/and stopper placement. Vent-tube is
more commonly used for uncoated or partially coated pistons intended for glass and
plastic PFS. For coated pistons, vacuum placement works well as the procedure uses
differential pressure rather than force to eliminate wrinkling of the lamination.
Vacuum placement is particularly important for laminated pistons, especially in CZ
syringe systems, which use a piston that is coated on the drug product contact and
syringe barrel contact surfaces. The piston provides lubricity for efficient piston release
and consistency of travel forces for a silicone oil–free system. An option offered at
Hyaluron Contract Manufacturing, Burlington, Massachusetts, for filling PFS,
BUBBLE-FREE FILLING1, uses online vacuum filling and online vacuum stoppering
(42). The primary advantage is the reduction of the air bubbles that exist between the
product and the stopper in traditionally filled syringes. This may help mitigate
concerns regarding oxidation of the product.

LARGE-VOLUME PARENTERALS
LVP refer to sterile diluents, electrolytes, irrigating fluids, blood derivatives, nutritional
preparations and premixed injectable drugs administered in quantities of over 100 mL. LVP
are packaged in semi-rigid plastic containers, flexible minibags and, to a lesser extent, glass
containers. Three major global manufacturers of LVP include Baxter, B. Braun and Hospira.
The sterile formulation of LVP necessitates the use of containers with good barrier properties
and sizes of semi-rigid plastic IV containers range from 250 mL for biologicals and nutritionals
up to 4 L for standard diluents (such as sodium chloride and dextrose).

Minibags are used for administering lower-volume parenteral admixtures, and most
premixed IV solutions are packaged in specially designed minibags. IV minibags usually
contain 50- or 100-mL volumes of solution and are made of PETG, PP and various
polyethylene-based coextrusion. These containers provide a sterile format consisting of a drug
mixed with an appropriate diluent solution. Premixed minibags eliminate the need for
independent admixture preparation and provide significant time, labor saving and waste
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are typically used with glass staked-needle syringes. The manufacturer has developed
a PFS system intended for biopharmaceutical drug delivery that is free of silicone oil,
tungsten and adhesive (41).

Process considerations: In the current market environment, presterilized, ready-to-fill
syringes are increasingly more prevalent. PFS are now available in sterile and ready-
to-used formats. As glass PFS are already being filled using tubs, a switch to PFS in
a similar tub and nest configuration has been achieved using the same filling
machines, with minor modification and change parts to accommodate plastics. Most
commercial filling companies can accommodate plastic syringes. The control of
dimensional tolerances of plastic syringes far exceeds that of glass syringes and,
because they are less prone to breakage and shattering, plastic prefilled syringes are
generally easy substitutions for glass PFS on modern filling/processing equipment.
There are, however, some physical differences between glass and plastic that should
be considered before running plastic PFS on a filling/processing line designed for
glass PFS. Plastic syringes are prone to scratches and cosmetic defects from contact
with metal surfaces in processing equipment and the weight of plastic PFS is less than
their glass equivalents. Scratching may create an unacceptable level of cosmetic
defects. Lighter weight syringes can cause problems when gravity is responsible for
syringes settling into place in processing equipment. The issues of weight and
scratching often manifest themselves when metal centering devices are used to hold
and center PFS during filling and stoppering processes. These problems can be
overcome by reengineering some parts of filling and processing equipment or by
running equipment at slower speeds. It is expected that, as the use of plastic PFS
becomes more prevalent, manufacturers of filling/processing equipment will design
equipment that performs equally well with both glass and plastic PFS.

There are various processes for filling and stoppering PFS. These include filling and
stoppering using vent-tube, or vacuum fill or/and stopper placement. Vent-tube is
more commonly used for uncoated or partially coated pistons intended for glass and
plastic PFS. For coated pistons, vacuum placement works well as the procedure uses
differential pressure rather than force to eliminate wrinkling of the lamination.
Vacuum placement is particularly important for laminated pistons, especially in CZ
syringe systems, which use a piston that is coated on the drug product contact and
syringe barrel contact surfaces. The piston provides lubricity for efficient piston release
and consistency of travel forces for a silicone oil–free system. An option offered at
Hyaluron Contract Manufacturing, Burlington, Massachusetts, for filling PFS,
BUBBLE-FREE FILLING1, uses online vacuum filling and online vacuum stoppering
(42). The primary advantage is the reduction of the air bubbles that exist between the
product and the stopper in traditionally filled syringes. This may help mitigate
concerns regarding oxidation of the product.

LARGE-VOLUME PARENTERALS
LVP refer to sterile diluents, electrolytes, irrigating fluids, blood derivatives, nutritional
preparations and premixed injectable drugs administered in quantities of over 100 mL. LVP
are packaged in semi-rigid plastic containers, flexible minibags and, to a lesser extent, glass
containers. Three major global manufacturers of LVP include Baxter, B. Braun and Hospira.
The sterile formulation of LVP necessitates the use of containers with good barrier properties
and sizes of semi-rigid plastic IV containers range from 250 mL for biologicals and nutritionals
up to 4 L for standard diluents (such as sodium chloride and dextrose).

Minibags are used for administering lower-volume parenteral admixtures, and most
premixed IV solutions are packaged in specially designed minibags. IV minibags usually
contain 50- or 100-mL volumes of solution and are made of PETG, PP and various
polyethylene-based coextrusion. These containers provide a sterile format consisting of a drug
mixed with an appropriate diluent solution. Premixed minibags eliminate the need for
independent admixture preparation and provide significant time, labor saving and waste
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reduction advantages. Most major parenteral drugs are now available in this format, including
drugs for antibiotic, analgesic, anticonvulsant, cardiovascular, psychotherapeutic and respi-
ratory preparations. Some solutions packaged in the container must be stored frozen and
thawed no more than 24 hours prior to use.

Historically, PVC was the leading material employed in the production of LVP
configurations. However, this trend has changed because of potentially adverse patient
reactions to a plasticizer used to stabilize the resin. Known as DEHP, the plasticizer has been
linked to infertility and hormonal imbalances in laboratory animals. Regulatory authorities
have recommended that all medical products based on PVC and DEHP be either adapted to
alternative materials or include a label warning about the plasticizer. In response, the
producers of IV solutions have adopted newer plastics for their containers. B. Braun Medical
eliminated the used of PVC in IV packaging. The company’s Excel1 and PAB1 IV containers
now include specialized PP materials. Newer, higher-grade plastics, such as PETG copolyester,
are being used for minibag applications to keep solutions stable, including Baxter’s and
Hospira’s products. Baxter International recently introduced Buminate1 human albumin
solution in a Galaxy1 minibag that is composed of proprietary, high-barrier plastic film. The
new Galaxy package can provide a shelf-life of two years and eliminates the need for
preparing admixtures in hospital pharmacies. Hospira’s ADD-Vantage1 system is a specially
designed diluent container that connects to a vial. Once the vial is affixed to the container, the
active drug blends with the diluent and creates the finished IV solution. The ADD-Vantage
system allows the IV solution to be mixed directly at the site of administration. Another
innovative IV minibag system is the Duplex1 Drug Delivery System developed by B. Braun.
Duplex is a dual-compartment flexible plastic IV bag that stores unit dosages of drug powder
and diluent separately in the same container. The health care professional squeezes the bag to
break the quick-release seal, mixing the drug and diluent just prior to administration.
Designed to simplify the intravenous delivery of antibiotics, the Duplex container reduces
product waste, eliminates the use of vials from the preparatory process, and is equipped with a
standard linear bar code to reduce dosage errors and track inventory.

X-ray contrast media is also packaged in a range of volumes from 50 to 500 mL in both
plastic and glass containers, with the 500 mL containers labeled as pharmacy bulk packages.
PP prefilled syringes and prefilled PP cartridges designed to fit a specific range of power
injectors for computed tomography are available (43). Another design of a prefilled cartridge
called REDIFLOWTM is available in a clear plastic to fit a second range of power injectors for
computed tomography as well as PP bottles (44).

PLASTICS AS DISPOSABLE SYSTEMS FOR BIOPROCESSING
Market considerations: Plastic packaging systems for LVP drugs are facing increasing

scrutiny. All packaging systems, stainless steel or plastic, need to provide and meet the
same requirement for protection, compatibility and safety as those used for SVP (45).
This section addresses the use of plastics as disposable bags in packaging large-volume
drug substances or drug products in bioprocess development and fill/finish
operations (46,47).

According to the report released by the Tufts Center for the Study of Drug
Development, Outlook 2009 (48), there are more than 200 new monoclonal antibodies
in development worldwide, and the FDA has approved 22 monoclonal antibodies. To
support development of these biologics, the biopharmaceutical manufacturing
industry is rapidly adapting to disposable systems. Single-use bioprocess systems
referred to as disposables have become common in the industry. Disposable systems
have gained increased acceptance for manufacturing-scale storage and processing of
recombinant proteins and monoclonal antibodies in liquid and frozen forms (49,50).
This is driven primarily by the key benefits plastic disposable containers offer over
stainless steel containers. These include reduced capital expenses (stainless steel
vessels, cleaning and sterilization validations), minimizing cross contamination,
flexibility in manufacturing and easier scale up (51,52).

Disposable technology employs a multitude of plastics to customize processing and
may include bags, filters and tubing. Plastic materials that make up the critical
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reduction advantages. Most major parenteral drugs are now available in this format, including
drugs for antibiotic, analgesic, anticonvulsant, cardiovascular, psychotherapeutic and respi-
ratory preparations. Some solutions packaged in the container must be stored frozen and
thawed no more than 24 hours prior to use.

Historically, PVC was the leading material employed in the production of LVP
configurations. However, this trend has changed because of potentially adverse patient
reactions to a plasticizer used to stabilize the resin. Known as DEHP, the plasticizer has been
linked to infertility and hormonal imbalances in laboratory animals. Regulatory authorities
have recommended that all medical products based on PVC and DEHP be either adapted to
alternative materials or include a label warning about the plasticizer. In response, the
producers of IV solutions have adopted newer plastics for their containers. B. Braun Medical
eliminated the used of PVC in IV packaging. The company’s Excel1 and PAB1 IV containers
now include specialized PP materials. Newer, higher-grade plastics, such as PETG copolyester,
are being used for minibag applications to keep solutions stable, including Baxter’s and
Hospira’s products. Baxter International recently introduced Buminate1 human albumin
solution in a Galaxy1 minibag that is composed of proprietary, high-barrier plastic film. The
new Galaxy package can provide a shelf-life of two years and eliminates the need for
preparing admixtures in hospital pharmacies. Hospira’s ADD-Vantage1 system is a specially
designed diluent container that connects to a vial. Once the vial is affixed to the container, the
active drug blends with the diluent and creates the finished IV solution. The ADD-Vantage
system allows the IV solution to be mixed directly at the site of administration. Another
innovative IV minibag system is the Duplex1 Drug Delivery System developed by B. Braun.
Duplex is a dual-compartment flexible plastic IV bag that stores unit dosages of drug powder
and diluent separately in the same container. The health care professional squeezes the bag to
break the quick-release seal, mixing the drug and diluent just prior to administration.
Designed to simplify the intravenous delivery of antibiotics, the Duplex container reduces
product waste, eliminates the use of vials from the preparatory process, and is equipped with a
standard linear bar code to reduce dosage errors and track inventory.

X-ray contrast media is also packaged in a range of volumes from 50 to 500 mL in both
plastic and glass containers, with the 500 mL containers labeled as pharmacy bulk packages.
PP prefilled syringes and prefilled PP cartridges designed to fit a specific range of power
injectors for computed tomography are available (43). Another design of a prefilled cartridge
called REDIFLOWTM is available in a clear plastic to fit a second range of power injectors for
computed tomography as well as PP bottles (44).

PLASTICS AS DISPOSABLE SYSTEMS FOR BIOPROCESSING
Market considerations: Plastic packaging systems for LVP drugs are facing increasing

scrutiny. All packaging systems, stainless steel or plastic, need to provide and meet the
same requirement for protection, compatibility and safety as those used for SVP (45).
This section addresses the use of plastics as disposable bags in packaging large-volume
drug substances or drug products in bioprocess development and fill/finish
operations (46,47).

According to the report released by the Tufts Center for the Study of Drug
Development, Outlook 2009 (48), there are more than 200 new monoclonal antibodies
in development worldwide, and the FDA has approved 22 monoclonal antibodies. To
support development of these biologics, the biopharmaceutical manufacturing
industry is rapidly adapting to disposable systems. Single-use bioprocess systems
referred to as disposables have become common in the industry. Disposable systems
have gained increased acceptance for manufacturing-scale storage and processing of
recombinant proteins and monoclonal antibodies in liquid and frozen forms (49,50).
This is driven primarily by the key benefits plastic disposable containers offer over
stainless steel containers. These include reduced capital expenses (stainless steel
vessels, cleaning and sterilization validations), minimizing cross contamination,
flexibility in manufacturing and easier scale up (51,52).

Disposable technology employs a multitude of plastics to customize processing and
may include bags, filters and tubing. Plastic materials that make up the critical
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components of a disposable system include filters (e.g., Millipore, Sartorius, Pall, GE
Healthcare), tubing (e.g., Amesil, Saint Gobain), and disposable bags (e.g., Hyclone,
Stedim, TCTech, Pall). Disposable bags are larger volume containers that are used for
large volumes of drug substances or products and have the greatest dwell time of
product exposure. These bags are used in upstream and downstream bioprocessing and
in fill/finish operations, examples include media preparation, bioreactor, storage and
transportation. Multilayer bags are typically used and are intended to maintain product
integrity. These bags provide gas and moisture barrier properties, functionality after
sterilization, durability and biocompatibility (Table 4). Very few materials possess a
balance of properties in one layer and PVDF filmmay be the best solution (47). The outer
layer of a multilayer bag provides durability, and many materials are used with varying
thickness. These materials are made up of nylon, polyesters, ethylvinyl acetate (EVA)
and polyethylenes. As a sandwich layer, ethyvinyl alcohol (EVOH) is commonly used.
EVOH has extremely low gas permeation and excellent barrier characteristics. Because it
has a propensity to absorb moisture and lose its barrier property, it is sandwiched in a
multilayer bag. LDPE is commonly used as the drug contact layer because of its good
chemical compatibility profile. While EVA films are typically considered superior as the
product contact layer, there are limitations to large-scale manufacturing of EVA film,
and, consequently, LDPE becomes a good alternative, especially with three-dimensional
bags such as those used in disposable mixing applications.

Many factors are usually considered during the design phase when choosing a
disposable bag. Two important questions to be addressed are: Is the plastic polymer
safe and is it compatible with the solution it is in contact with? Several facets related to
the qualification and selection of a disposable container must be considered to address
these questions. This includes a validation package from the vendor with information
related to the materials of construction, sterility, USP plastic class VI data, extractables,
heavy metals, particulates, pyrogens and cytotoxicity testing from the vendor. This
information—in combination with knowledge of the drug substance or drug product
processing that may include processing volumes, chemical stability, compatibility, number
of campaigns, formulation components, processing conditions such as temperature,
pressure and, most importantly, extractable and leachable considerations—can provide
insights into the choice of disposable bag for bioprocessing. The primary considerations
should include:

Chemical resistance study: Chemical compatibility studies should be conducted to evaluate
the choice of a single-use container prior to its selection. The tests can include weight
loss, clarity, visual inspection, drop test, tensile strength, thickness of the film and
testing using various solvent systems including buffers, organic solvents or other
components that may be intended for drug product development. For most aqueous
formulations, the plastics (e.g., LDPE, HDPE, PP, etc.) have an acceptable compatibility
profile. However, organic solvent usage may cause incompatibility issues. Emerging
disposable systems bags such as PVDF, which has a chemical compatibility profile
similar to Teflon1, may offer options for accommodating formulations based on
organic solvents.

Protein adsorption: Single-use systems are increasingly prevalent in downstream proces-
sing, final formulation development and in fill/finish of protein solutions. These
systems gained acceptance for storage and processing at manufacturing scale of
recombinant proteins and monoclonal antibodies in liquid or frozen forms. The

Table 4 Commonly Used Plastics in Disposable Systems

Disposable bags Polyethylene, ethylvinyl acetate, PVDF

Filters PTFE, polypropylene, PVDF
Tubing Silicone, PTFE, PVDF

Abbreviations: PVDF, polyvinylidene fluoride; PTFE, polyethylene tetrafluoroethylene.
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components of a disposable system include filters (e.g., Millipore, Sartorius, Pall, GE
Healthcare), tubing (e.g., Amesil, Saint Gobain), and disposable bags (e.g., Hyclone,
Stedim, TCTech, Pall). Disposable bags are larger volume containers that are used for
large volumes of drug substances or products and have the greatest dwell time of
product exposure. These bags are used in upstream and downstream bioprocessing and
in fill/finish operations, examples include media preparation, bioreactor, storage and
transportation. Multilayer bags are typically used and are intended to maintain product
integrity. These bags provide gas and moisture barrier properties, functionality after
sterilization, durability and biocompatibility (Table 4). Very few materials possess a
balance of properties in one layer and PVDF filmmay be the best solution (47). The outer
layer of a multilayer bag provides durability, and many materials are used with varying
thickness. These materials are made up of nylon, polyesters, ethylvinyl acetate (EVA)
and polyethylenes. As a sandwich layer, ethyvinyl alcohol (EVOH) is commonly used.
EVOH has extremely low gas permeation and excellent barrier characteristics. Because it
has a propensity to absorb moisture and lose its barrier property, it is sandwiched in a
multilayer bag. LDPE is commonly used as the drug contact layer because of its good
chemical compatibility profile. While EVA films are typically considered superior as the
product contact layer, there are limitations to large-scale manufacturing of EVA film,
and, consequently, LDPE becomes a good alternative, especially with three-dimensional
bags such as those used in disposable mixing applications.

Many factors are usually considered during the design phase when choosing a
disposable bag. Two important questions to be addressed are: Is the plastic polymer
safe and is it compatible with the solution it is in contact with? Several facets related to
the qualification and selection of a disposable container must be considered to address
these questions. This includes a validation package from the vendor with information
related to the materials of construction, sterility, USP plastic class VI data, extractables,
heavy metals, particulates, pyrogens and cytotoxicity testing from the vendor. This
information—in combination with knowledge of the drug substance or drug product
processing that may include processing volumes, chemical stability, compatibility, number
of campaigns, formulation components, processing conditions such as temperature,
pressure and, most importantly, extractable and leachable considerations—can provide
insights into the choice of disposable bag for bioprocessing. The primary considerations
should include:

Chemical resistance study: Chemical compatibility studies should be conducted to evaluate
the choice of a single-use container prior to its selection. The tests can include weight
loss, clarity, visual inspection, drop test, tensile strength, thickness of the film and
testing using various solvent systems including buffers, organic solvents or other
components that may be intended for drug product development. For most aqueous
formulations, the plastics (e.g., LDPE, HDPE, PP, etc.) have an acceptable compatibility
profile. However, organic solvent usage may cause incompatibility issues. Emerging
disposable systems bags such as PVDF, which has a chemical compatibility profile
similar to Teflon1, may offer options for accommodating formulations based on
organic solvents.

Protein adsorption: Single-use systems are increasingly prevalent in downstream proces-
sing, final formulation development and in fill/finish of protein solutions. These
systems gained acceptance for storage and processing at manufacturing scale of
recombinant proteins and monoclonal antibodies in liquid or frozen forms. The

Table 4 Commonly Used Plastics in Disposable Systems

Disposable bags Polyethylene, ethylvinyl acetate, PVDF

Filters PTFE, polypropylene, PVDF
Tubing Silicone, PTFE, PVDF

Abbreviations: PVDF, polyvinylidene fluoride; PTFE, polyethylene tetrafluoroethylene.
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container-protein interactions may include protein adsorption onto the plastic
container surfaces. The major driving forces influencing adsorption of protein are
hydrophobic and electrostatic interactions. These interactions are responsible for
nonspecific protein binding on a variety of surfaces. Interaction factors between plastic
surface and protein could be affected by the physical nature of the surface (material
surface or any coating), product formulation (pH, ionic strength, surfactant, etc.),
storage conditions (temperature and contact time) and the concentration and
conformational properties of the protein. Studies have shown a low binding level of
model proteins on plastic polymeric surfaces compared with borosilicate glass
surfaces. It is important to evaluate plastics using specific protein binding assays
under various processing conditions, using large surface-to-volume ratios to
determine their acceptability (53).

Extractables and leachables: The release of compounds from the plastic may affect product
quality such as plasticizers, stabilizers or solvents. Regulations mandate that the
equipment and materials used in the manufacture of pharmaceuticals should not alter
the safety, efficacy and potency of the final drug product. An evaluation of potential
extractables is required for plastic disposable bags to ensure compliance. Extractables
are substances that can be extracted from a plastic using solvent or extraction
conditions that are expected to be more aggressive than the processing conditions
intended. Leachables are substances that could be present in the finished product
because of interactions between plastics and the drug product during the products
shelf-life. The suppliers of the plastic bags or components should provide a full and
complete potential extractables list which could be used to evaluate product suitability
with the plastic disposable bag (54).

Sterile barrier integrity: Maintaining integrity of a disposable device is critical to protect
the product from microbial contamination. When plastic bags or components are
provided as sterile, the integrity of these products must be demonstrated. Container
closure validation can be performed to reduce the risk of compromise. These tests may
include helium leak testing, pressure testing, dye ingress or microbial ingress
challenges. Guidance documents from the FDA and European Medicines Agency
(EMEA) can help to define the level of validation and qualification necessary for the
safety of the single-use systems. These include the FDA’s guidance document issued in
May 1999, “Container-Closure Systems for Packaging Human Drugs and Biologics”
(45) and EMEA’s guidelines on plastic primary packaging materials (55).

QUALITY AND REGULATORY CONSIDERATIONS
There are numerous plastic containers that have been used for parenteral applications,
including drug products in cyclic olefin containers that have been approved for marketing in
the United States, Europe and Japan (Table 3). Guidance documents from FDA and EMEA
help define requirements and the level of validation and qualification needed. This guidance
has been universal to encompass all plastic containers for SVP or LVP, including vials, PFS or
flexible bags. The FDA document “Container Closure Systems for Packaging Human Drugs
and Biologics” provides the fundamental guidance on container closure systems, including
plastic materials (45). The United States has a drug master file system (DMF) in which
companies provide confidential information on the manufacturing and the composition of the
plastic in a type III packaging material DMF and is incorporated into a letter of authorization
for referencing the DMF upon FDA review. Canada has a similar DMF system, except that
packaging materials are listed in a type II DMF. In Europe, the EMEA limits the information
contained in a DMF to drug substances; therefore, the drug manufacturer will usually provide
the required information on the packaging system. Guidelines for plastic containers can be
found in the newly revised EMEA’s Guideline on Plastic Primary Packaging (55). Both Ph.Eur.
and USP have chapters referencing plastic materials and plastic packaging. Ph.Eur. section 3.1
has detailed chapters on various plastics including “polyolefins,” and Ph.Eur. 3.2 specifically
focuses on plastic containers (56,57). USP combines guidelines for plastic containers and plastic
materials in chapter <661> (58). With respect to biocompatibility, both in vitro and in vivo

320 VOLUME 1: FORMULATION AND PACKAGING

[ram][7x10 Tight][D:/informa_Publishing/NEMA_Vol1_2400047/z_production/z_3B2_3D_files/
978-1-4200-8643-0_CH0012_O.3d] [3/7/010/20:3:49] [305–323]

container-protein interactions may include protein adsorption onto the plastic
container surfaces. The major driving forces influencing adsorption of protein are
hydrophobic and electrostatic interactions. These interactions are responsible for
nonspecific protein binding on a variety of surfaces. Interaction factors between plastic
surface and protein could be affected by the physical nature of the surface (material
surface or any coating), product formulation (pH, ionic strength, surfactant, etc.),
storage conditions (temperature and contact time) and the concentration and
conformational properties of the protein. Studies have shown a low binding level of
model proteins on plastic polymeric surfaces compared with borosilicate glass
surfaces. It is important to evaluate plastics using specific protein binding assays
under various processing conditions, using large surface-to-volume ratios to
determine their acceptability (53).

Extractables and leachables: The release of compounds from the plastic may affect product
quality such as plasticizers, stabilizers or solvents. Regulations mandate that the
equipment and materials used in the manufacture of pharmaceuticals should not alter
the safety, efficacy and potency of the final drug product. An evaluation of potential
extractables is required for plastic disposable bags to ensure compliance. Extractables
are substances that can be extracted from a plastic using solvent or extraction
conditions that are expected to be more aggressive than the processing conditions
intended. Leachables are substances that could be present in the finished product
because of interactions between plastics and the drug product during the products
shelf-life. The suppliers of the plastic bags or components should provide a full and
complete potential extractables list which could be used to evaluate product suitability
with the plastic disposable bag (54).

Sterile barrier integrity: Maintaining integrity of a disposable device is critical to protect
the product from microbial contamination. When plastic bags or components are
provided as sterile, the integrity of these products must be demonstrated. Container
closure validation can be performed to reduce the risk of compromise. These tests may
include helium leak testing, pressure testing, dye ingress or microbial ingress
challenges. Guidance documents from the FDA and European Medicines Agency
(EMEA) can help to define the level of validation and qualification necessary for the
safety of the single-use systems. These include the FDA’s guidance document issued in
May 1999, “Container-Closure Systems for Packaging Human Drugs and Biologics”
(45) and EMEA’s guidelines on plastic primary packaging materials (55).

QUALITY AND REGULATORY CONSIDERATIONS
There are numerous plastic containers that have been used for parenteral applications,
including drug products in cyclic olefin containers that have been approved for marketing in
the United States, Europe and Japan (Table 3). Guidance documents from FDA and EMEA
help define requirements and the level of validation and qualification needed. This guidance
has been universal to encompass all plastic containers for SVP or LVP, including vials, PFS or
flexible bags. The FDA document “Container Closure Systems for Packaging Human Drugs
and Biologics” provides the fundamental guidance on container closure systems, including
plastic materials (45). The United States has a drug master file system (DMF) in which
companies provide confidential information on the manufacturing and the composition of the
plastic in a type III packaging material DMF and is incorporated into a letter of authorization
for referencing the DMF upon FDA review. Canada has a similar DMF system, except that
packaging materials are listed in a type II DMF. In Europe, the EMEA limits the information
contained in a DMF to drug substances; therefore, the drug manufacturer will usually provide
the required information on the packaging system. Guidelines for plastic containers can be
found in the newly revised EMEA’s Guideline on Plastic Primary Packaging (55). Both Ph.Eur.
and USP have chapters referencing plastic materials and plastic packaging. Ph.Eur. section 3.1
has detailed chapters on various plastics including “polyolefins,” and Ph.Eur. 3.2 specifically
focuses on plastic containers (56,57). USP combines guidelines for plastic containers and plastic
materials in chapter <661> (58). With respect to biocompatibility, both in vitro and in vivo
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biological reactivity needs to be performed on plastic containers (59,60). The quality-conscious
Japanese market has seen the plastic market grow significantly for SVP. Mitigation or
elimination of particulates or defects, safety, break resistance and clarity are clearly the drivers
for using plastics in Japan. Key JP guidance is described under General Tests Processes and
Apparatus, 7.02 Test Methods for Plastic Containers and General Information 17, Plastic
Containers for Pharmaceutical Products (61).

SUMMARY
Application of plastics for parenteral delivery is expected to grow in years to come. Although
PP material is more commonly used because of its availability and cost-effectiveness, there
has been a recent surge in the use of superior plastics, the cyclic olefins, for parenteral
delivery. The features of cyclic olefins are seen very favorable when packaging SVPs,
highlighted by properties such as break resistance, glass-like transparency, better barrier
properties compared with other plastics and its biocompatibility. However these features
need to be balanced with the needs of a drug product, especially in the areas of oxygen or
moisture sensitivities, where secondary packaging may help reduce such risks. Plastics are
also favored because of their moldability and tight dimensional tolerance and can lead to
newer design integrations. Examples include front finger grips, larger flanges and back stops
for syringes. This capability is especially important because the home health care market is a
growing segment. Many drug products are produced with the intention of being used in a
home setting. Material flexibility also allows the same resin to be used in an assortment of
designs, from vials through PFS systems, without substantial chemistry differences. Recently
cyclic olefin syringes have become available in sterile assembled formats for ease of filling,
similar to that of glass syringe packaging, making it easier for drug manufacturers to switch to
plastics. Similarly sterile and nonsterile plastic vials and containers are also available.

Plastic container systems can also play a significant role in influencing the stability of a
drug product. For example, they are used with drug products that would otherwise delaminate
glass or with water-for-injection products to maintain pH. Recent advances in plastic PFS
systems include developments in silicone-oil free and tungsten-free syringe systems that can
help mitigate or eliminate any potential interaction of leachables from a packaging system.
Formulators and package engineers now have more options to evaluate and optimize drug
formulation with suitable packaging components at early stages of drug development.
Protecting the drug product in a package that does not break or crack is a substantial benefit,
especially with biological products that need low temperature storage and transport. Plastic
vials are now considered in these areas. In addition, availability of plastic cartridges and
plastic dual chambered syringe systems for liquid-liquid or lyophilized powder-liquid systems
clearly illustrates the ability of vendors to offer such designs for various drug delivery
applications. For large-volume packaging and processing of bulk drug products, plastic
disposable bags are being considered. Clearly plastic disposable bags offer many benefits over
stainless steel containers in downstream bioprocessing, including fill/finish operations;
however, due diligence is a must for the right choice of plastic for the product. Plastics will
increasingly be utilized throughout the entire total supply chain of pharmaceuticals and
provide opportunities for total life cycle containment of pharmaceutical products. These
opportunities can allow for the lowest total cost of ownership to be provided with plastic
packaging materials.
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biological reactivity needs to be performed on plastic containers (59,60). The quality-conscious
Japanese market has seen the plastic market grow significantly for SVP. Mitigation or
elimination of particulates or defects, safety, break resistance and clarity are clearly the drivers
for using plastics in Japan. Key JP guidance is described under General Tests Processes and
Apparatus, 7.02 Test Methods for Plastic Containers and General Information 17, Plastic
Containers for Pharmaceutical Products (61).

SUMMARY
Application of plastics for parenteral delivery is expected to grow in years to come. Although
PP material is more commonly used because of its availability and cost-effectiveness, there
has been a recent surge in the use of superior plastics, the cyclic olefins, for parenteral
delivery. The features of cyclic olefins are seen very favorable when packaging SVPs,
highlighted by properties such as break resistance, glass-like transparency, better barrier
properties compared with other plastics and its biocompatibility. However these features
need to be balanced with the needs of a drug product, especially in the areas of oxygen or
moisture sensitivities, where secondary packaging may help reduce such risks. Plastics are
also favored because of their moldability and tight dimensional tolerance and can lead to
newer design integrations. Examples include front finger grips, larger flanges and back stops
for syringes. This capability is especially important because the home health care market is a
growing segment. Many drug products are produced with the intention of being used in a
home setting. Material flexibility also allows the same resin to be used in an assortment of
designs, from vials through PFS systems, without substantial chemistry differences. Recently
cyclic olefin syringes have become available in sterile assembled formats for ease of filling,
similar to that of glass syringe packaging, making it easier for drug manufacturers to switch to
plastics. Similarly sterile and nonsterile plastic vials and containers are also available.

Plastic container systems can also play a significant role in influencing the stability of a
drug product. For example, they are used with drug products that would otherwise delaminate
glass or with water-for-injection products to maintain pH. Recent advances in plastic PFS
systems include developments in silicone-oil free and tungsten-free syringe systems that can
help mitigate or eliminate any potential interaction of leachables from a packaging system.
Formulators and package engineers now have more options to evaluate and optimize drug
formulation with suitable packaging components at early stages of drug development.
Protecting the drug product in a package that does not break or crack is a substantial benefit,
especially with biological products that need low temperature storage and transport. Plastic
vials are now considered in these areas. In addition, availability of plastic cartridges and
plastic dual chambered syringe systems for liquid-liquid or lyophilized powder-liquid systems
clearly illustrates the ability of vendors to offer such designs for various drug delivery
applications. For large-volume packaging and processing of bulk drug products, plastic
disposable bags are being considered. Clearly plastic disposable bags offer many benefits over
stainless steel containers in downstream bioprocessing, including fill/finish operations;
however, due diligence is a must for the right choice of plastic for the product. Plastics will
increasingly be utilized throughout the entire total supply chain of pharmaceuticals and
provide opportunities for total life cycle containment of pharmaceutical products. These
opportunities can allow for the lowest total cost of ownership to be provided with plastic
packaging materials.
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