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FOREWORD 

THIS 18 T HE FIFTH JN A SERIES OF T EC'HNICAL R EPORT s.1- 4 This 
T echnical Report was prepared by Dr. Y. John Wang and Dr. Yie W. Chien 
under the auspices of the PDA Research Committee. It provides a com­
prehensive review of sterile pharmaceutical packaging systems with regard 
to product- package interactions, stability and compatibility. 

In the selection of pharmaceutical packaging systems one must be aware 
of the potential physicochemical interactions with the product. These in­
teractions are discussed in detail from both a practical application and a 
theoretical point. of view. 

R. M. Enzinger, Ph.D. 
Chairman 

Research Committee 
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2 PDA TECHNICAL IH·:PORT NO. 5 

better understanding of these interactions has resulted from developments 
in other fields, such as permeation through plastic films, pharmacokinetic 
modeling, absorption through biological membranes, and sustained-re­
leased dosage forms. This report provides a comprehensive review of those 
publications that discuss the concepts and mechanisms of these physico­
chemical interactions and the utilization of these concepts in the devel­
opment of sterile pharmaceutical products. 

Petition for Inter Partes Review of US 8,455,527 
Amneal Pharmaceuticals LLC – Exhibit 1002 – Page 2













8 I'll:\ Tl·TH\:H':\I. 1n:1·uBT ~II . .-, 

of migratnr>· oxid<.>s than does a Type II co11tai1H'r. and it has not been 
subjected to de-alkalizat ion t real nwnt. It is usuall>· suitable onl>· for 
anh>·drnus liquids or for dr>· drug products. 

4) Type NI) is also made from a soda-li me glass and is not suitable for 
parenteral drug produ<'ts. 

2. Plastic containers 

Plastics fall into two general dasses: t.h ermosets and thermoplast.ici:;. 
Because of their unusual versatil it>·· thermoplastics have found wider ap­
plication than thermoset::;. especially in the medical/pharmaceutical 
field. 

Thermoplastic polymern are gradually finding use as packaging materials 
for sterile preparations. such as parent.erals and ophthalmic solutions. One 
of the principal advantages of plastic containers is that they are not. as 
fragile as glass. ln addition. thf> fl exibil ity of poly\·inyl chloride IV bags is 
an advantage in the int raw nous ;1dministrat ion of large \'olumes of drug 
solution. because no air interchange is required. 

Prior to the recognition oft he potential of plastic materials in health care 
practice. glas::> was the dominant material used in the primary packaging 
of pharmaceutical products. The fragilit:·; and weight of glass, coupled with 
the broad range of propertie::-; offered b>· plastics. have resulted in marked 
increases in the use of pla::>tics for pharmaceutical packaging during the last 
two decades (Giles and Pecina. 19';'5) . Today. for example. plastics are used 
in Sllch ::>terile primary packaging s>·stems as syringe::>. bottles, vials, and 
ampuls (Table \'). F'ifteen >·ears ago. only glass would have been considered 
for these uses. 

a. Polymerization 
Plastic materials are prepared from monomers by polymerization. To 

achieve polymerization, the monomers mu::>t be bifunctional, i.e., the 
monomers must. be capable of fo rming two covalent bonds. There are two 
classical wa~·s in which a monomer can achieve bifunctionality: first, a 
monomer may contain an unsaturated C= C bond, e.g., ethylene 
(CH2= CH2); second, a monomer may possess two different organic- func­
tional groups that can react with one another. e.g., an amino acid 
(NH2-CHR- COOH). 

Polymerization can proceed by either of two basic processes, determined 
largely by the way in which the monomer has attained bifunct.ionality. 

· 1) Polymerization by addition 
Polymerization by addition (or free radical reaction) is commonly per­

formed with monomers that contain an unsaturated C=C bond. These 
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TABLE VI 
Polymers Produced by Addition Polymerization of Vinyl-Type Monomers 

Monomer Structure Monomer Name 

H,C=CH, Ethylene 

CH2-Cll 
I 

Propylene 

CH, 

CH,= CH 
I 
Cl 

Vinyl chloride 

H,C=CH Styrene 

© 
H2C=7H Acrylic acid 

C= O 
I 
OH 

H,C-CH 
I 

Acrylic acid ester 

C= O 
I 

OR 

H1C= CH 
! 

Acrylonitrile 

c =:N 

CH,=CH 

J. 
Vinyl fluoride 

H2C=CH 
! 

Vinyl acetate 

0 
l 

C= O 
I 
CH, 

H 2C=CH 
I 
C=O 

Acrylamide 

I 
N H2 

H ,C=CH 
I 

Vinyl pyrrolidone 

N 

CH/ \=o 
I 

2 
l 

CH2-CH2 

Polymer Structure 

-tCH2-CH2+i; 

-+Cll ,-CH+i; 

tH-' 
-t-C H,-CH+n 

I 
Cl 

--tCH,-CH~n 

© 
--<-CH 2-CH7n 

I 
C=O 
I 
OH 

--t'CH,- CHt-
J 
C=O 
I 
OR 

-t-cH,-CHtn 
I 
c~i-; 

-t-C' H1-7Htn 

F 

--tCH,-CHtn 
I 
0 
I 
C= O 
I 

CH ., 

--tH2C-CH1n 

t=o 
I 
NH, 

~H,C-CHt;r 

~ 
/ \ 

CH, 
I 

C=O 
I 

CH 2-CH 2 

Common Polymer 
Name 

Polyethylene (PE) 

Polypropylene (PP) 

Polyvinylchloride (PVC) 

Polystyrene (PS) 

Polyacrylic acid (PAA) 

Polyacrylic acid ester 

Polyacrylonitrile (PAN) 

Polyvinyl fluoride (PVF) 

Polyvinyl acetate 
(PVAc) 

Polyacrylamide (PAAm) 

Polyvinyl pyrrolidone 
(PVP) 

by addition polymerizat.ion from a monomer called t.etrafluoroethylene, 
CF 2= CF i· in which all four hydrogen atoms in ethylene have been sub­
stituted by fluorine. 
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11 l'D.-\ TECHNlt'AL l!EP(lHT NO. ,-, 

During the react ion. an amide <C- N) bond is formed and a molecule 
of wat er is ('ondense<l out. The free carboxylic (- COOH) group remaining 
can react with the amino group (--NH:!) of another molecule of amino acid, 
and the free NH:! group ean also react with t.he COOH group of another 
aminl> acid monomer. The polymer chain thus grows from both ends. In 
fact, a variety of functional group pairs can be involved t.o form a number 
of polymers via condensation polymerization (Tables VIII and IX). 

The most common examples of condensation-type polymers are poly­
esters . like Dacron® and Mylar®, polyamides, such as the majority of Ny­
lons® (polypeptide is a form of polyamide), and cellulose, a condensation 
product of monosaccharide units. 

Some monomers. such as acrylic acid (CH:!=CH-COOH), can react 

TABLE VIII 
Some Functional Group Pairs Involved in Condensation Polymerization 

Reactions 

-OH +-COOH 
-OH+ -COCJ 
-OH +-N=C=O 
- OH + -CH-CH2 v 
-NH, +-COOH 
- NH, .,. -·N=C=O 
- NH2.,. - COOCH, 

TABLE IX 
Some Polymers Produced by Condensation Polymerization 

Polymer Type 

Polyester 

Polyamide 

Polyurea 
Polyurethane 
Polyanhydride 

Polycarbonate 

Typical Monomer(s) 

HO-R-COOH 
HO-R-OH + HOOC-R' -COOH 
HO- R- OH + CICO- R'COCI 
H2N-R-NH2 + HOOC-R' -COOH 
H2N-R' -NH2 + CIOCR'COCI 
H2N-R-NH2 + OCN-R' - NCO 
HO-R-OH + OCN-R' - NCO 
HOOC- R-COOH 

HO-R-OH + COCl2 

Source: Jenkins and Stannel ( 1972). 

Polymer Repeal Unit 

(-0-R-CO-) 
(-0-R-O-CO-R' -CO-} 
(-0-R-O-CO-R' -CO-) 
(-NH-R-NHCO- R' -CO-) 
(-NH-R-NHCO-R'-CO-) 
(-NH-R-NH-CO-NH-R' - NH-CO-) 
(-0-R-0-CO-NH-R' -NH-CO- ) 
(-0-CO-R-CO-) 

(-R-O-C0-0-) 
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TABLE X 
Comparison of Addition and Condensation Polymerization 

Addition Polymerization 

Growth occurs by rapid addit ion of monomer 
to a small number of active centers. 

Monomer concentration decreases slowly 
during reaction. 

High molecular weight polymer is present 
at low conversions. 

Polymer backbone usually consists exclu­
sively of carbon atoms. 

Source: Jenkins and Stannet (1972). 

Condensation Polymerization 

Growth occurs by coupling of any two 
species (monomer or polymer). 

Monomer disappears well before any high 
polymer is formed. 

Polymer molecular weight increases 
continuously during polymerization; high 
polymer is present only at very high 
conversions. 

Polymer repeat units normally linked by 
oxygen and/or nitrogen atoms. 

through either the C=C bond or the carboxylic acid group, depending on 
the polymerization conditions used (Table VI). 

Basically, addition polymerization occurs very rapidly after initiation 
and is essentially a chain reaction, whereas condensation polymerization 
is a much slower, stepwise reaction process. Some of the fundamental d if­
ferences between these two major processes of polymerization are shown 
in Table X. 

b. Additives (Adjuvants) 
The composition of plastic materials is quite complex. A number of 

plastics can be prepared for specific applications without the addition of 
any other ingredient to the polymer, whereas others may contain, besi.des 
the polymers, several additives to impart definite quality to the final plastic 
product. Specific additives are frequently used to modify the mechanical 
and physicochemical properties of the p lastic products. The additives 
routinely used in thermoplastic materials may be classified as follows (Giles, 
1975): 

1) Lubricants 
Lubricants are used primarily to improve the processibility of plastic 

materials by lowering the viscosity of melt or by preventing the polymer 
from sticking to the metal surfaces of the processing equipment. 

Most lubricants are used in the processing of polyvinyl chloride, where 
they are critical to extrusion, calendering, injection molding, etc. Addi­
tionally, lubricants have been used in the polyolefins, styrenics, and some 
thermosets. Considerable activity has recently been noted in the develop­
ment of lubricants for engineering thermoplastics. 
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The general chemical dass of lubricants u::~ed in plastic materials is alkyl 
acids. e.g .. st(:'arie <wick an<l such <lerivali\'es as esters, amides, alcohols and 
me1allic salts. For instance. a comnHmly used lubricant in the processing 
of polyet h:dene is zinl' st E>arate. Paraffin waxes and polyet.hylene waxes are 
other popular lubricants. The quant it i(:'s of lubricant used vary significantly 
from one plastie mat erial lo another. 

2) Stabilizers 
Stabilizers are used to retard or to prevent the deterioration of plastic 

mat erials that ma\' result from ex.posurE> to light. heat. and pressure and 
to impro\'e their aging characteristics. The commonly used families of 
stabilizers include epoxy compounds (epoxidized soybean oil), organotins 
(octyltin ). an<l mixed mE>tals ( bclrium an<l cadmium benzoate ). Some of the 
stabilizers have some solubilit~· in aqueous media, and. consequently, could 
be extracted into a drug solution. 

3) Plasticizers 
Plasticizers are materials of low \'olatility that are added to plastic ma­

terials to enhance flexibilit:--. resil iency. and melt flow. They are generally 
high-boiling organic liquids. The>· act to reduce the glass transition tem­
perature (Tg) or britt leness of the plastic to a temperature lower than that 
at which it will be used in an actual application. Rigid PVC (polyvinyl 
chloride), for example, has a Tg of about 80 °C. Sufficient amounts of 
plasticizer will produce flexible PVC and decreased the Tg to below 0 
oc. 

More than 80%· of all plasticizers are used with PVC; the rest go into such 
plastics as cellulosics, nylon, polyolefins, and styrenics. Phthalates are the 
most popular plasticizers. For example, :m-40% of phthalate est.er is added 
to PVC material to produce a flexible intravenous fluid bag, such as the 
Viaflex (Travenol/Baxter) and Lifecare (Abbott) . 

As is true of stabilizers, plasticizers can migrate to the surface of a plastic 
container and are. therefore, potent ially extractable into a drug solu­
tion. 

4) Antioxidants 
Many plastic materials are susceptible to oxidative degradation and 

require antioxidants to slow down the process and to give them a longer 
shelf life. 

Degradation of a plastic material starts with the initiation of free radicals 
on exposure to heat, ultraviolet radiation , and mechanical shear, or in the 
presence of reactive impurities. Antioxidants act by intercepting the rad­
icals or by preventing radical initiation during the shelf life of the plastic 
materials. 

There are two types of antioxidants: Primary antioxidants act to in-
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terrupt oxidative degradation of plastics by tying up the free radicals. Such 
primary antioxidants as the hindered phenolics and the aromatic amines 
both have a reactive NH or OH group and can donate hydrogen to the free 
radicals. Phenolics, such as butylate hydroxytoluene (BHT), are the most 
popular of the primary antioxidants. BHT has a broad FDA approval and 
is used in polyolefins, styrenics, vinyls, and elastomers, among others. 

Secondary antioxidants function by reducing the unstable hydroper­
oxides formed in the plastics degradation process to inert products, thus 
preventing the proliferation of radicals. They are used in conjunction with 
primary antioxidants to provide added stability to the plastic materials. 
The most popular ones are thioesters and phosphites. 

Antioxidants can also migrate to the surface of plastic materials and then 
leach out. Further, t he combination of antioxidants with other additives 
may produce or initiate some undesirable chemical reactions with the drug 
solution. 

5) Antistatic agents 
Antistatic agents, such as quaternary ammonium compounds are used 

to prevent the build-up of static charges on the surface of plastics that 
causes the plastic materials to cling. 

6) Slip agents 
Slip agents are added primarily to polyolefin type plastic materials, such 

as polyethylene and polypropylene, in order to reduce the coefficient of 
friction of the plastics. These agents impart anti tack and anti block char­
acteristics to the end products. 

7) Dyes and pigments 
Dyes and pigments impart color to plastic materials. They may leach or 

be extracted into a drug solution. They are used only infrequently for 
parenteral products. 

The above-mentioned additives may vary in concentration from a few 
parts per million to as much as 60% of the total weight of the plastic ma­
terial. 

c. Potential problems with plastic containers 
During storage the additives described above may possibly be extracted 

by or leached into a drug solution that is in intimate contact with the plastic 
container. It is, therefore, important to evaluate the physicochemical 
compatibility of a final drug formulation in a selected primary packaging 
system under various storage and time conditions to assure safety and 
stability of the drug product. Whenever possible, evaluations should be 
conducted under conditions simulating those to which the product will 
probably be exposed. Evaluations should take into consideration not only 
the physical and chemical compatibility of the drug formulation with the 
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primary packaging system, but should also include an investigation of the 
mechanical properties oft he primary packaging system, e.g., the cracking 
and stres:>-e-racking of a plastic container that could occur under attack by 
the drug product. the storage environment, or both. Prolonged exposure 
to ultraviolet light has been shown to promote the migration of certain 
additives that could. in turn, accelerate the aging characteristics of the 
plastic and decrease shelf life of the product.. 

The use of plastic material for primary packaging systems of parenteral 
drug products ~ms grown very rapidly during the last two decades. With 
this phenomenal growth in the use of plastic containers, three potential 
problems have arisen: 
a. Lo~ of drug pot enc:·• and the efficacy of preservation because of sorption 

of active drug ingredients and preservatives onto the plastic material. 
Such sorpt ion has been most common in containers made of polyamides, 
such as nylon. 

b. Egress or volatile Constituents, the protective gas in the headspace, or 
some selective drug species through the wall of the container to the ex­
terior. resulting in decreases in drug potency and stability; or, conversely 
ingrP!'.s of at mo!'.phPric oxygen. Wl'lt.er vapor, or other gHses to the interior 
of the container. causing oxidative or hydrolytic degradation of some 
suscept ihle cons I it uenb. 

c. Leaching of additives or constituents from plastic containers into the 
drug formul<1tion. leading to a change in purity, physicochemical in­
stability oft he product. formation of particulate matter, or the causation 
of some adverse effect when the drug is administered. 

The use of a plasti(' material as the primary packaging system for either 
a pharmaceutical or a food product demands a number of extra consider­
ations that ma:-' not be critical to plm~tics employed for other purposes. 
Although pa('kaging systems for food products require considerations 
similar tot hose for pharmaceuticals. t.he food products usually have a rel­
atively rap id rate of turnover and. hence, relatively short shelf-life re­
quirements. On the other h<tnd. pharmaceutical products require an ex­
t remel:v long shelf-life stability and the most critical technical and toxico­
logical data for regulator.\· approval. 

The pharma<:eutical in<lustry requires. in most instanC'es. a level of safety 
that is more stringent than that required in the food industry. This is logical 
when one rnnsiders t h<tt drugs are taken by a person who is suffering from 
an illness: anY untow<1rd side effects may complicate the existing illness 
and be detrimental to health. This nmsi<leration is of particular relevance 
for parentera l drug produ('tS. which are to be <1<lministered directly into 
the systerni(' circulation. 
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