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(57) ABSTRACT 
A container comprising a closure means coated by an inert 
?uorinated material and containing a liquid pharmaceutical 
composition. In particular, the container comprises a closure 
means coated by TEFLON (polytetra?uoruethylene (PTFE)) 
and contains a HSA-free Interferon-[3 formulation having the 
following composition: 30 to 100 pg/ml of interferon-[3, an 
isotonicity agent, 0.1 to 2 mg/ml of Poloxamer 188, at least 
0.12 mg/ml of L-Methionine and a buffer solution capable of 
maintaining the pH of the liquid formulation at a Value 
between 3.0 and 4.0. 
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STABILIZED LIQUID PROTEIN 
FORMULATIONS IN PHARMACEUTICAL 

CONTAINERS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

TECHNICAL FIELD 

The present invention relates to a container containing a 
liquid pharmaceutical composition for injectables and con 
taining a protein as active ingredient. 

BACKGROUND ART 

Medicines for injection are not always available from the 
manufacturer in a ready-to-use form. Therefore, many inj ec 
tions need to be prepared before they can be administered. 

The process of preparation may be straightforward, for 
example a simple dilution, or complicated, for example 
involving complex calculations, or several manipulations. 
There are the risks of error in the calculations and during the 
manipulations involved, and risks of microbial and particu 
late contamination. The nature of the medicine and the clini 
cal condition of the patient may affect the degree of the 
overall risk. 

The risk of contamination is higher when injections are 
prepared in environments without suitable controls. Over the 
past thirty years, surveys on intravenous medicines prepared 
in near-patient areas have shown a range of contamination 
rates ranging from 2 to 15% (average 8%). Although most of 
the contamination does not lead to sepsis, the nature of the 
contaminating organism cannot be predicted. Therefore the 
risk of serious sepsis cannot be discounted, particularly if the 
patient is immunocompromised, or if the injection solution 
supports bacterial growth. 

Therefore there is an increasing need for liquid pharma 
ceutical compositions in a ready-to-use form, i.e. ready for 
injection. These kinds of pharmaceutical compositions are 
normally sold in suitable sterile containers like vials, pre 
?lled syringes, ampoules, small bottle, tubues or cartridges 
for autoinjectors. 

The preparation of liquid protein formulations for pharma 
ceutical compositions in a ready-to-use form is generally 
interfered by the low stability of the protein. In fact, it is 
known that proteins in the puri?ed form are highly suscep 
tible to degradation, even due to the normal activity of atmo 
spheric agents. This particularity becomes even more evident 
for proteins produced according to recombinant DNA tech 
niques. 

The stability problem is particularly felt for interferon-[3 
formulations, which do not comprise human serum albumin 
(HSA) as stabilizing agent. Nowadays formulations without 
HSA are preferred because HSA has two main drawbacks: the 
?rst is related to its extraction from human blood and, hence, 
the possibility of infection transmission, the second refers to 
its high cost due to its low availability. 

Moreover the liquid pharmaceutical compositions may be 
for single-dose use or for multiple-dose use. In particular, 
when multi-dose are prepared, it may become necessary to 
add some additional excipients, which are the preservatives or 
bacteriotastic agents, to prevent microbial contamination 
after the container is opened or perforated by a needle due to 
repeated administrations from the same container. 
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2 
Although the use of such bacteriostatic agents is necessary 

for the reason above, it has a negative effect on proteins 
stability. Because of this, the amount of bacteriostatic agents 
used in the multidose protein formulation has to be very low. 
In this case, besides the absence of contamination is not 
highly guaranteed, the proteins are not stable for the intended 
use. 

To well understand the protein stability problem in the 
formulations for a multidose product, it has to be underlined 
the importance that multidose products have in the current 
pharmaceutical market. In fact, in the most of therapies the 
liquid pharmaceutical protein formulations have to be 
injected very often. For instance, liquid interferon-beta for 
mulations for the treatment of multiple sclerosis have to be 
administered every given day to once a week depending on 
both the kind of interferon-beta used and if the injection is 
intramuscular or subcutaneous. 

Because of such a frequent use of the formulations, in the 
last years the liquid pharmaceutical protein formulations are 
prepared as multidose formulations in containers that the 
patient can use also by using an injector device. As it is easy 
to understand, multidose formulations will ease the patient 
life. 

Therefore, the need was felt to ?nd speci?c conditions for 
obtaining liquid protein pharmaceutical composition ready 
for injection, having an improved stability, and being usable 
for both monodose and multidose use. 

DISCLOSURE OF INVENTION 

The Applicant has surprisingly and unexpectedly found 
particular containers useful to solve the above technical prob 
lem. 
The main object of the present invention is the use of a 

closure means coated by an inert ?uorinated material for a 
container of a liquid pharmaceutical composition ready for 
injection and containing a protein as active ingredient. 
More preferably, the protein is an Interferon. 
Preferably, the Interferon is an Interferon-[3. 
Another object of the present invention is a container con 

taining a liquid pharmaceutical composition ready for inj ec 
tion and containing a protein as active ingredient, character 
ised by comprising a closure means coated by an inert 
?uorinated material. 
More preferably, the inert ?uorinated material 

TEFLON® (polylelra?uoroelhylene (PT 
The container may be a vial, a pre-?lled syringe, an 

ampoule, a small bottle, a tube or a cartridge for autoinj ector, 
or any other suitable container for injectable formulations. 

In the case of a syringe or a cartridge, the closure means is 
a plunger, whereas in the case of vials, tubes, ampoules or 
bottles the closure means is a stopper. The closure means may 
be made of rubber or another synthetic or natural polymeric 
material suitable for that purpose. 

Preferably the container is made of glass. More preferably, 
the internal surface of the container is coated by an inert 
material. Mo st preferably, this inert material coating the inter 
nal glass surface of the container is [silicon] silcone. 

Preferably, the liquid pharmaceutical composition con 
tains a bacteriostatic agent. 

Preferably, the bacteriostatic agent is present at a concen 
tration comprised between about 2 and 9 mg/ml. 

Preferably, the bacteriostatic agent is benZyl alcohol. 
Preferably, the liquid pharmaceutical composition is a liq 

uid HSA-free formulation comprising 30 to 100 ug/ml of 
interferon-[3, an isotonicity agent, 0.1 to 2 mg/ml of a surfac 
tant, at least 0.12 mg/ml of an antioxidant and a buffer solu 

is 
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tion capable of maintaining the pH of the liquid formulation 
at a value between 3.0 and 4.0. 

The term “buffer” or "physiologically-acceptable buffer” 
refers to solutions of compounds that are knoWn to be safe for 
pharmaceutical or veterinary use in formulations and that 
have the effect of maintaining or controlling the pH of the 
formulation in the pH range desired for the formulation. 
Acceptable buffers for controlling pH at a moderately acidic 
pH to a moderately basic pH include, but are not limited to, 
such compounds as phosphate, acetate, citrate, arginine, 
TRIS, and histidine. “TRIS” refers to 2-amino-2-hydroxym 
ethyl-1,3,-propanediol, and to any pharmacologically accept 
able salt thereof. Preferable buffers are acetate buffers With 
saline or an acceptable salt. 
An “isotonicity agent” is a compound that is physiologi 

cally tolerated and imparts a suitable tonicity to a formulation 
to prevent the net How of Water across cell membranes that are 
in contact With the formulation. Compounds such as glycerin, 
are commonly used for such purposes at knoWn concentra 
tions. Other suitable isotonicity agents include, but are not 
limited to, amino acids or proteins (e.g., glycine or albumin), 
salts (e.g., sodium chloride), and sugars (e. g., dextrose, man 
nitol, sucrose and lactose). Preferably the isotonicity agent is 
mannitol. 

The term “antioxidant” refers to a compound that prevents 
oxygen or oxygen-derived free radicals from interacting With 
other substances.Antioxidants are among a number of excipi 
ents commonly added to pharmaceutical systems to enhance 
physical and chemical stability. Antioxidants are added to 
minimize or retard oxidative processes that occur With some 

drugs or excipients upon exposure to oxygen or in the pres 
ence of free radicals. These processes can often be catalyzed 
by light, temperature, hydrogen on concentration, presence of 
trace metals or peroxides. Sul?tes, bisu?tes, thiourea, 
methionine, salts of ethylenediaminetetraacetic acid (EDTA), 
butylated hydroxytoluene (BHT), and butylated hydroxy ani 
sole (BHA) are frequently used as antioxidants in drugs. 
Sodium EDTA has been found to enhance the activity of 
antioxidants by chelating metallic ions that Would otherWise 
catalyZe the oxidation reaction. Most preferred antioxidant is 
methionine 

The term “bacteriostatic” refers to a compound or compo 
sitions added to a formulation to act as an anti-bacterial agent. 
A preserved formulation of the present invention preferably 
meets statutory or regulatory guidelines for preservative 
effectiveness to be a commercially viable multi-use product. 
Examples of bacteriostatics include phenol, m-cresol, 
p-cresol, o-cresol, chlorocresol, benZyl alcohol, alkylparaben 
(methyl, ethyl, propyl, butyl and the like), benZalkonium 
chloride, benZethonium chloride, sodium dehydroacetate and 
thimerosal. Preferably the bacteriostatic agent is benZyl alco 
hol. 

The term “surfactant” refers to a soluble compound that 
reduces the surface tension of liquids, or reduces interfacial 
tension betWeen tWo liquids or a liquid and a solid, the surface 
tension being the force acting on the surface of a liquid, 
tending to minimiZe the area of the surface. Surfactants have 
sometimes been used in pharmaceutical formulations, includ 
ing delivery of loW molecular mass drugs and polypeptides, in 
order to modify the absorption of the drug or its delivery to the 
target tissues. 

According to a preferred embodiment of the invention, it 
has been found that by formulating interferon With a surfac 
tant selected from Pluronic® F77, Pluronic F87, Pluronic F88 
and Pluronic® F68, particularly preferably Pluronic F68 
(BASF, Pluronic F68 is also knoWn as Poloxamer 188) they 
obtain stable formulations that minimise the loss of active 
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4 
principle caused by adsorption on the surfaces of the vial 
and/or delivery device (eg syringe, pump, catheter, etc.). It 
has also been found that by formulating interferon With a 
surfactant selected from Pluronic® F77, Pluronic F87, Plu 
ronic F88 and Pluronic® F68, particularly preferably Plu 
ronic F68 (BASF, Pluronic F68 is also knoWn as Poloxamer 
188) they obtain a stable formulation, Which is more resistant 
to oxidation and to formation of proteins aggregates. 
“HSA” stands for Human Serum Albumin. 
An “active ingredient” is intended to mean a substance that 

furnish pharmacological activity or other direct effect in the 
diagnosis, cure, mitigation, treatment, or prevention of dis 
ease or to affect the structure or any function of the body. 

“Excipient” is intended to mean anything other than the 
active ingredient in a pharmaceutical composition. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention Will noW be described by Way of a 
number of non-limiting, purely illustrative examples. 

EXAMPLES 

In the examples beloW the compatibility of monodose and 
multidose formulations of interferon-[3-1a With primary 
packaging material is evaluated in different cartridges and 
different rubber closure means. In particular, for a good 
evaluation of the invention, every formulation has been stored 
under the same conditions except for the closure means. 
The different formulations are tested for oxidised forms of 

proteins(RP-HPLC method) and aggregates (SE-HPLC 
method) upon storage at 400 C. and 25° C. 

Example 1 

Monodose HSA-Free Interferon-[3-1a Formulation 

A formulation (A) having the folloWing composition has 
been prepared: 

Formulation 
88 mcg/ml IFN-[3-1a in sodium acetate buffer pH 3.5 
54.6 mg/ml mannitol, 
1 mg/ml Poloxamer 188 
0.12 mg/ml L-Methionine. 
The manufacturing process consists in mixing the drug 

sub stance directly With the ingredients; then an aseptic ?ltra 
tion is performed folloWed by ?lling of the containers. 
A description of each step of the process is given hereafter: 
an appropriate quantity of glacial acetic acid is added to 
WFI and the pH is adjusted to 3.5102 using 1 M NaOH 
or 50% diluted acetic acid. The solution is completed to 
?nal volume using WFI; 

a calculated amount of excipients (mannitol, Poloxamer 
188, L-Methionine) to respect the composition of for 
mulation is Weighed and dissolved in the required 
amount of 0.01 M sodium acetate buffer pH 3.5; the pH 
is then checked and adjusted, if needed, to 3.5102 With 
1 M NaOH or 50% diluted acetic acid; the solution is 
then completed to ?nal Weight With 0.01 M sodium 
acetate buffer; 

a calculated amount of IFN-[3-1a drug substance is added to 
the required amount of excipient solution and gently 
stirred to homogeneity; 

the solution is then ?ltered through a 0.2 pm nylon mem 
brane (Ultipor N66 0.2 pm, Pall), mounted into a stain 
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less steel holder, under nitrogen pressure (1 bar max) and 
collected into a sterile container. 

Once prepared, the formulationA has been packaged using 
different cartridges and closure means as described in Table I 

6 
Out of TABLE II and TABLE III it can be seen that formu 

lations A have a good stability (see oxidised percentage) only 
When stored in a container With closure means coated by 

[TEFLON “(polytetra?uoruethylene (PTFE))”] T EFLON® 
(polylelra?uoroelhylene (PT FE)), regardless the cartridge 

TABLE I material. The stability difference is even more evident When 
the formulationA is stored at 400 C. (TABLE II). 

FORMULATION CARTRIDGE CLOSURE MEANS _ _ _ _ 

Different packag1ng cond1t1ons do not seem to affect the 
Al Non-siliconized Coated plunger 
Al comp. Non-siliconized Non-coated plunger (1) 10 aggregates percentage' 
A2 Siliconized Coated plunger 
A2 comp. Siliconized Non-coated plunger (I ) Example 2 

Materials used: _ _ 

Non-siliconiZed cartridge (3 mL type I borosilicate glass 15 Mulndose HSA'Free Interferon-6'12‘ Formulanon 
cartridges, Nuova OMPI) 

SiliconiZed cartridge (3 mL type I borosilicate glass car- Three formulations (B-D) having the compositions (mg/ 
tridges, Nuova OMPI) mL) illustrated in TABLE IV have been prepared. 

Coated plunger (Omni?ex FM257/2, Helvoet Pharmai 20 
coating material is [TEFLON “(polytetra?uoruethylene TABLE IV 
(PTFE))”] T EFLON® (polylelra?uoroelhylene (PT A t t 

C6 a 6 

Non-coated plunger (1) (FM 257/5 Helvoet Pharma) FORMU Poloxamer Benzyl 10 mM 
LATION IFN-[?-la Mannitol 188 L-Met Alcohol pH 3.5 

Example la 25 
B 0.088 54.6 1 0.12 5 Qs 1 mL 

- C 0.088 54.6 1 0.12 7 Qs 1 mL 
Expenmental Tests D 0.088 54.6 1 0.12 9 Qs 1 mL 

The A formulations packaged as described in TABLE I 
have been Stored at 25120 C- and 40120 C, and tested for 30 Inthis case, the presence of benZyl alcohol as bacteriostatic 
stability agent alloWs the use of these formulations in pharmaceutical 

In Table II the results of the analytical test of A formula- products for a multidose administration 
. o . 

t1ons Stored at 40 C‘ are Summarized‘ The formulations B-D have been prepared in the same Way 

TABLE H described in example 1 for formulation A, except for the 
35 inclusion of benZyl alcohol in the excipients solution. 

FORMULATION T = 0 T = 2 WEEKS T = 3 WEEKS After the preparation, the formulations B-D have been 

% oxidised forms packaged using different cartridges and closure means as 
described in Table V 

A1 1.7 2.8 3.9 40 
Al comp. 2.1 4.6 13.2 
A2 0.9 2.4 2.2 TABLE V 

A2 Comp‘ 0? 4'4 9'2 FORMULATION CARTIDGE CLOSURE MEANS 
0 otal aggregates 

Bl Non-siliconized Coated plunger 
A1 3'4 3'1 3'0 45 B1 comp. Non-siliconized Non-coated plunger (1) 
A1 comp‘ 1'4 2'8 2'7 B2 Siliconized Coated plunger 

2; B2 comp Siliconized Non-coated plunger (1) 
comp‘ ' ' ' C Siliconized Coated plunger 

C comp. Siliconized Non-coated plunger (2) 
. D Siliconized Coated plunger 

' In Table III the results of the analytlcal test of A formula- 50 D Comp Siliconized Nonwomd plunger (2) 
t1ons stored at 25° C. are summanZed. 

TABLE III In this case, in addition to the materials described in 
example 1, a neW closure means has been used: 

T = 4 T = 8 T = 12 . 

FORMULATION T = 0 WEEKS WEEKS WEEKS 55 Non-coated plunger (2) (4023/50, West Pharmaceutical) 

% Oxidised forms 

Example 2a 
A1 1.7 2.4 2.1 2.1 
A1 comp. 2.1 3.5 4.8 4.9 
A2 0.9 1.0 . 
A2 Comp 08 L6 60 Expenmental Tests 

% Total aggregates 

A1 3A l8 38 32 Formulations B-D packaged as described in TABLE V 
A1 comp. 3.4 1.6 1.8 1.4 have been stored at 2512° C. and 40120 C., and tested for 
A2 1.7 1.4 Stab?it 
A2 comp. 1.8 1.6 65 y 

In Table VI the results of the analytical test of B-D formu 
lations stored at 400 C. are summarized. 
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TABLE VI 

FORMULATION T = 0 T = 2 WEEKS T = 3 WEEKS 

% Oxidised forms 

B1 1.7 3.1 4.1 
B1 comp. 2.1 9.8 12.0 
B2 1.7 2.9 3.3 
B2 comp. 1.5 6.5 14.2 
C 1.2 3.0 3.3 
C comp. 0.9 4.4 10.3 
D 1.1 3.5 3.5 
D comp. 1.0 5.5 14.1 

% Total aggregates 

B1 3.4 3.5 3.4 

B1 comp. 3.2 6.4 14.9 
B2 1.6 2.6 2.4 
B2 comp. 1.6 10.5 11.4 
C 1.7 3.2 2.6 
Ccomp. 1.6 16.9 21.1 
D 1.9 4.6 4.2 

D comp. 1.7 31.7 56.5 

In Table VII the results of the analytical test of B-D formu 
lations stored at 25° C. are summarized. 

TABLE VII 

T = 4 T = 8 T = 12 

FORMULATION T= 0 WEEKS WEEKS WEEKS 

% Oxidised forms 

B1 1.7 2.3 2.7 2.7 
B1 comp. 2.1 3.6 4.7 Not 

measurable 
B2 1.7 1.7 
B2 comp. 1.5 2.4 
C 1.2 1.4 
C comp. 0.9 1.5 
D 1.1 2.0 
D comp. 1.0 2.0 

% Total aggregates 

B1 3.4 2.8 3.7 3.1 
B1 comp. 3.2 1.5 2.3 2.1 
B2 1.6 1.4 
B2 comp. 1.6 1.4 
C 1.7 1.6 
C comp. 1.6 1.5 
D 1.9 1.7 
D comp. 1.7 1.9 

From the results shown in TABLE VI and TABLE VII it can 
be noted a higher stability of the formulations stored With 
closure means coated by [TEFLON “(polytetra?uoruethyl 
ene (PTFE))”] T EFLON® (polytetra?uoroethylene (PT FE)) 
regardless the cartridge material. 

In particular, in this example it has been shoWn that also 
formulations comprising bacteriostatic agent can reach a very 
good stability When stored in containers With closure means 
coated by [TEFLON “(polytetra?uoruethylene (PTFE))”] 
T EFLON® (polytetra?uoroethylene (PT This is true 
even if they contain a large amount of bacteriostatic agent. In 
fact, as it is shoWn (in particular in TABLE VI), for the 
formulations stored With non-coated closure means the pres 
ence of bacteriostatic agent is responsible for the very loW 
protein stability. 

Such a good stability for this kind of formulation is very 
important to obtain a pharmaceutical multidose product as it 
has been said above. 
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The invention claimed is: 
1. A method for containing a composition comprising pro 

viding a liquid pharmaceutical composition ready for injec 
tion and comprising an interferon [3 as an active ingredient 
into a container Which is a vial, [an ampoule,] a small bottle 
[or], a tube, a syringe or a cartridge With a closure stopper 
Wherein the closure stopper is coated With [polytetra?uoru 
ethylene (PTFE)] polytetra?uoroethylene. 

2. The method according to claim 1, Wherein the liquid 
pharmaceutical composition contains a bacteriostatic agent. 

3. The method according to claim 2, Wherein the bacterio 
static agent is benZyl alcohol. 

4. The method according to claim 2, Wherein the bacterio 
static agent is present at a concentration betWeen about 2 and 
9 mg/ml. 

5. A method for containing a composition comprising pro 
viding a liquid pharmaceutical composition ready for injec 
tion and comprising a protein as an active ingredient into a 
container With a closure article coated With [polytetra?uoru 
ethylene] polytetra?uoroethylene, Wherein the pharmaceuti 
cal composition is a liquid HSA-free (human serum album) 
formulation comprising 30 to 100 ug/ml of interferon-[3, an 
isotonicity agent, 0.1 to 2 mg/ml of a surfactant, at least 0.12 
mg/ml of an antioxidant and a buffer solution capable of 
maintaining the pH of the liquid formulation at a value 
betWeen 3.0 and 4.0. 

6. A container for a liquid pharmaceutical composition 
containing an interferon [3 as active ingredient, Wherein the 
container is a vial, [an ampoule,] a small bottle [or], a tube, a 
syringe or a cartridge, and a closure [stopper Which is] coated 
With [polytetra?uoruethylene (PTFE)] polytetra?uoroethyl 
ene. 

7. The container according to claim 6, Wherein the con 
tainer is made of glass. 

8. The container according to claim [6] 7, Wherein the 
internal surface of the container is coated by an inert material. 

9. The container according to claim [6] 8, Wherein the inert 
material coating the internal glass surface of the container is 
[silicon] silicone. 

10. The container according to claim 6, Wherein the closure 
[stopper] is [made of] a rubber stopper. 

11. The container according to claim 6, Wherein the con 
tainer is a pre-?lled syringe or a cartridge for autoinj ector and 
the closure [stopper] is a plunger. 

12. A pharmaceutical product comprising a container 
according claim 6. 

13. The container according to claim 6, wherein the con 
tainer contains the liquidpharmaceutical composition with 
the interferon [3 being present in the liquidpharmaceutical 
composition in an amount ofabout 30 to about 100 ,ug/mL. 

14. The container according to claim 13, wherein the liquid 
pharmaceutical composition further contains a bacterio 
static agent. 

15. The container according to claim 14, wherein the liquid 
pharmaceutical composition further contains an isotonicity 
agent, a surfactant, an antioxidant and a bu?‘er solution. 

16. A pharmaceutical product comprising: 
a container selected from the group consisting of a syringe, 

a cartridge, a vial, a bottle and a tube; 
a liquid pharmaceutical composition comprising inter 
feron [3 as active ingredient; and 

a closure coated with polytetra?uoroethylene. 
1 7. The pharmaceutical product of claim 16, wherein the 

container is a syringe or a cartridge for autoinjector and 
wherein the closure is a plunger 



US RE43,331 E 
9 

18. The pharmaceutical product ofclaim 1 7, wherein the 
container is a pre-?lled syringe. 

19. Thepharmaceuticalproduct ofclaim 16, wherein said 
liquid pharmaceutical composition further comprises a bac 
teriostatic agent. 

20. T he pharmaceutical product of claim 19, wherein the 
liquid pharmaceutical composition further comprises an iso 
tonicity agent, a surfactant, an antioxidant and a bu?‘er solu 
tion. 

2]. Thepharmaceuticalproduct ofclaim 16, wherein said 
container is made of glass. 

22. The pharmaceuticalproduct ofclaim 2], wherein the 
internal surface ofthe container is coated by an inert mate 
rial. 

10 
23. The pharmaceuticalproduct ofclaim 22, wherein the 

inert material coating the internal glass surface ofthe con 
tainer is silicone. 

24. A pharmaceutical product comprising: 
a container; 
a liquid pharmaceutical composition readyfor injection 

and comprising interferon [3 as active ingredient; and 
a closure coated with polytetra?uoroethylene. 
25. The pharmaceutical product ofclaim 24 wherein the 

liquid pharmaceutical composition is HSA-free (human 
serum albumin), and comprises 30 to 1 OOug/mL of interferon 
[3, an isotonicity agent, 0.] to 2 mg/mL ofa surfactant, at least 
0.12 mg/mL ofan antioxidant and a bu?‘er solution capable of 
maintaining the pH of the liquid formulation at a value 
between 3.0 and 4.0. 


