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Description

[0001] The present invention relates to a medical article for containing a pharmaceutical protein preparation com-
prising at least a first component and a second component, having at least one surface coated with a coating to reduce
the friction between the two components and to reduce the protein adsorption to the coating.
[0002] The described coatings are particularly useful for coating containers for storage and administration of liquid
protein solutions, such as insulin formulations.

Background

[0003] Protein formulations are mostly dosed from relatively small containers, i.e. up to 5 ml, and many of the con-
tainers are designed for multiple dosages, each dosage often being in the range of 0.1 ml or even less.
[0004] Such containers equipped with stoppers require a smooth sliding movement of one component, e. g. a stopper,
in contact with another component, e. g. a container wall, to provide reliable dosages with high precision. Often, surfaces
of the components have been shown to develop an initial resistance to movement after being in contact for some time,
and movement does not start until a certain applied force, hereafter called a static friction force, has been applied. The
phenomenon causes a sudden, rapid relative movement of the two surfaces. Frequently, the movement stops and
another resistance is built up. This kind of movement is generally known as the 'slip-stick' phenomenon and is caused
by a degree of adhesion between the components. When the "slip-stick" phenomena occurs with coated components,
most often it is due to migration of the coating, leaving two components in contact with each other. The "slip-stick"
causes a problem in that it leads to irregular and imprecise dosages. The phenomenon is especially troublesome in
dispensing devices where very small, drop-wise dosages of protein solutions, e. g. insulin formulations, are required.
If the 'slip-stick' phenomenon does not occur when the surfaces start to slide after the static friction force has been
applied, the surfaces slide at a smoother rate by application of a so-called dynamic friction force.
[0005] Today large amounts of insulin are sold in dispensing devices. The insulin is filled in glass containers, which
are equipped with rubber stoppers, and these containers are then loaded into dispensing devices. Usually, both the
glass containers and the rubber stoppers are coated with silicon oil, poly(dimethy) siloxane) (PDMS), to reduce the
friction between the container wall and the stopper. One common method to coat glass containers with silicon oil is to
apply a PDMS-in-water emulsion and subsequently evaporate the water in an oven.
[0006] For example US 4,767,414 suggests a coating of a medical container having reduced friction between the
components wherein a surface is plasma-treated as well as a lubricant at one of the components is plasma-treated to
inhibit migration of the lubricant into the content of the container. The lubricant is disclosed to reduce the friction between
a container wall and a stopper compared to untreated containers and stoppers. The reference does not discuss ad-
herence of proteins.
[0007] Another reference US 5,338,312 discloses an article having a coating with two or more layers of lubricant
securing a low friction force at different movement velocities, in that one layer may secure low friction at low velocities
and the other(s) at other velocities. The adherence of protein molecules to the coating is not disclosed.
[0008] An aspect, which should be considered, when dispensing protein formulations is the events occurring at the
surface between the protein solution and the container material that play a crucial role for the overall performance of
biological material. Especially if the drug is in contact with a packaging material for a long time during storage which
is often the case with protein formulations that are filled into the containers immediately after molding of the containers,
the stability and life-time of the drug will be affected. The primary reason for this is that protein may be adsorbed to
the surfaces of the container, where it is deactivated or denaturated. In this way, layers of deactivated and inaccessible
protein are built up at the container surface. This will lead to a loss in protein activity and an enhanced risk of incorrect
dosage, due to lowering of the concentration of soluble protein.
[0009] In particular in respect of insulin, adsorbed insulin may desorb and some molecules will associate with other
deactivated molecules and form aggregates. Aggregates, such as fibrils or gel-like particles, form as a result of lower
degree of water solubility and aggregation after denaturation. Aggregation of insulin is thought to be an autocatalyzed
process, and leads to an overall destabilization of the insulin formulation. When these aggregates become large
enough, they can be seen visually. By blocking the adsorption of insulin at the container surface, the propensity of the
insulin molecule to change its conformation is removed. The result is a significant improvement of the drug stability.
Furthermore, the presence of protein aggregates may lead to immunological reactions in the patient, which is unac-
ceptable.
[0010] In the prior art, solutions to the adsorption problem have been attempts to increase the stability of different
insulin formulations by adding to the protein formulation a stabiliser.
[0011] Addition of glycerol and certain polysaccarides are well known methods to improve the stability. Further, ad-
dition of zinc and calcium ions significantly stabilizes the insulin by promoting the formation of more stable species, i.
e., dimers and hexamers. It is also known that low concentrations of lecithins or synthetic detergents has a markedly
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positive effect on the stability of insulin. This effect is thought to be coupled to their ability to cover hydrophobic domains
exposed by the insulin molecules. These hydrophobic domains are thought to be involved in the destabilization of
insulin.
[0012] In relation to insulin, different kinds of non-ionic surfactants have been used to stabilize insulin formulation,
e. g., ethoxylated fatty acids and Pluronics®. Chawla et al. (Diabetes Vol 34, May 1985, pp 420-424) was able to
stabilize insulin in PS and PP containers by adding Pluronic® F68, a non-ionic surfactant containing PEO. These types
of molecules are however only loosely adsorbed to the surfaces, and are probably present in the insulin solution which
results in injection of the polymer when the protein formulation is injected. It is therefore unclear whether the surfactants
cover the hydrophobic domains of the insulin, or the hydrophobic plastic surface. Chawla et al. also found that other
types of Pluronics®, 17R8 and 25R5, did not stabilize the insulin formulations.
[0013] As previously mentioned, also US 4,767,414 and US 5,338,312 (vide above) are both silent with respect to
adsorption of the content to the coating and do not suggest any solution to that problem.
[0014] Accordingly, it is an object of the present invention to provide a medical article being coated with a coating
whereby the exposed surface of the coating is hydrophilic thereby reducing the protein adsorption, in particular insulin,
and said surface also exhibits a lubricity resulting in reduced friction at surfaces being in frictional engagement with
each other.
[0015] Furthermore, it is of importance that the coating of the surfaces of the article will not migrate into the content
of the article.

Summary of the invention

[0016] The object of the invention is obtained by a medical article for containing a pharmaceutical protein preparation
comprising at least a first component and a second component, which is in frictional engagement with said first com-
ponent, wherein at least one surface on either the first or the second component or both is coated independently with
a hydrophilic coating whereby

the hydrophilicity of the surface of the coating as measured by the water contact angle is below 90 °, and
the long term static friction forces between the first and the second component are below 14 N.

[0017] The coatings according to the present invention are especially suited for permanently coating internal surfaces
of containers equipped with stoppers for storage and administration of liquid protein preparations, such as insulin
preparations.
[0018] The term "frictional engagement" is used with its normal meaning.
[0019] Furthermore, in the present context, by the term "long term static friction forces" is meant the friction forces
necessary to move the two components relative to each other measured after a resting period of at least 14 days after
the components have been brought into frictional engagement with another. Furthermore, by the present coating the
"slip-stick" phenomenon is substantially eliminated.
[0020] The coating(s) provide low friction between the two components, such as a container wall and a rubber stopper,
resulting in high-precision dosing. In addition, they efficiently prevent the adsorption of protein to the container surface,
thereby increasing the stability and prolonging the storage time of the protein.
[0021] Another object of the invention is a process of producing a component of a medical article coated as described
above, comprising

- adding the coating material to the component material prior to molding and subsequently molding the component
from the mixture, or

- molding the component from the component material and subsequently applying the coating material to the at
least one surface of the component, and

- hydrophilizing the coating material prior to the molding or after the molding.

[0022] A third object of the invention is a coating as defined above, for articles having at least a first component and
a second component, said second component being in frictional engagement with said first component, wherein at
least one surface or either the first or the second component or both is coated independently with a hydrophilic coating.

Drawings

[0023] Figure 1 shows an example of the first (figure 1A, injection cylinder) and second (figure 1B, plunger) compo-
nents according to the invention. The components are shown in longitudinal cross section. The inner diameter of the
first component is 9,23 mm and the outer diameter is 11,0 mm. The outer diameter D of the second component is 9,6 mm.
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[0024] Figure 2 and Figure 3 show the result of recordings of friction forces where the maximum static forces are
indicated with S and the maximum dynamic friction forces are indicated with D for a medical article coated with two
different coatings as described in the examples.

Detailed description of the invention

[0025] The present invention relates to a medical article for containing a pharmaceutical protein preparation com-
prising at least a first component and a second component, such as a container and a stopper, which is in frictional
engagement with each other, wherein at least one surface on either the container or the stopper or both is coated
independently with a hydrophilic coating whereby

the hydrophilicity of the surface of the coating as measured by the water contact angle is below 90 °, and
the long term static friction forces between the first and the second component are below 14 N.

[0026] The coating according to the present invention is hydrophilic, or at least the surface part of the coating exposed
to the content is hydrophilic. Without being bound by theory it is believed that hydrophobic domains on the protein
molecule is responsible for the protein adsorption, and hence, that a certain hydrophilic surface of the coating reduces
the adsorption tendency.
[0027] Accordingly, the present invention relates to a medical article coated with a coating which is hydrophilic to
such an extent that the protein adsorption, in particular the insulin absorption is significantly reduced or substantially
eliminated. For the inventive coating the hydrophilicity as measured by the water contact angle is below 90 °.
[0028] The water contact angle is preferably below 60 °, more preferably below 20 °, most preferably below 10 °, in
order to secure a low protein adsorption.
[0029] The amount of protein adsorbed to the coating depends on the concentration of protein solution as well as
the surface area of the coating in contact with the protein solution.
[0030] In the present context, a measure of the protein adsorption is obtained by measuring by the insulin adsorption
in a container with a standard volume of 3,5 ml, and an internal surface area of 14.1 cm2 by the procedure as described
in example 2.
[0031] The protein adsorption measured under these conditions is preferably less than 0.5 %, such as less than 0.4
%, most preferably less than 0.3 % of the original protein solution.
[0032] insulin stability may be measured by assembling containers and plungers, and subsequently filling the con-
tainer with Penmix 30/70®. After closing the container with a bromobutyl plate and an aluminum cap, the containers
are stored at 37 degree Centigrade and rotated vertically 4 h every 24 h at 30 rotations per minute. The experiment is
stopped at the specified time, and the insulin is acidified by an aqueous HCI solution. The remaining percentage of
monoinsulin, as compared to the original amount, may be detected by GPC (gel permeation chromatography), and
used as a parameter to describe the remaining insulin activity.
[0033] According to the invention any hydrophilic coating exhibiting the low protein adsorption, especially insulin
adsorption, may be used for coating the surface of the medical article provided the long-term static friction forces
between the first and the second component are below 14 N.
[0034] The coating according to the present invention has a reduced ability of migrating, because it is preferably
essentially a solid material and not an oil or a liquid. Furthermore, the coating is preferably fixed to the component.
[0035] By reducing the ability of migrating the coating does not migrate from the interface between the two compo-
nents during storage hence the slip-stick phenomenon is significantly reduced or eliminated whereby a high-precise
dosing is possible, in particular when dosing small volumes, such as when dosing insulin.
[0036] Also, the reduced migration tendency reduces the risk of having particles of the coating solubilised or sus-
pended in the protein formulation.
[0037] In a preferred embodiment of the invention the coating material is not not capable of forming an emulsion
with the solvent of the protein formulation, such as water, and is not soluble in water.
[0038] The coating is preferably a silicon-containing coating, such as a poly(dialkyl siloxane) oil or copolymer. In a
preferred embodiment the poly(dialkyl siloxane) is selected from poly(dimethyl siloxane) (PDMS), poly(dipropyl si-
loxane) or poly(dihexyl siloxane).
[0039] The viscosity of the oil when applied to the component is of importance, especially for the elimination of the
slip-stick phenomenon. The more viscous the lesser the risk of a slip-stick phenomenon. In one embodiment of the
invention the coating comprises a linear or branched hydrophilized poly(dialkyl siloxane) oil. The viscosity of the oil is
preferably above 200,000 centistokes, such as above 500,000 centistokes when applied to the component.
[0040] In a preferred embodiment of the invention the coating comprises a crosslinked or gelled silicon oil, such as
a hydrophilized poly(dialkyl siloxane) oil, or a mixture of a crosslinked and a non-crosslinked oil. By using a crosslinked
or gelled oil the migration ability of the oil is significantly reduced and the viscosity increased towards infinitely great,
i.e. the oil may broadly be looked upon as a solid material.
[0041] A cross-linked, or cured, silicon oil is typically obtained by applying a linear, or branched, silicon oil with
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reactive functionalities which are used to cross-link the coating in a subsequent step. There are a number of different
available cross-linking methods, e. g. curing by irradiation with UV light, curing in an oven at elevated temperature,
and curing in the presence of water. Preferably the cross-linkable silicon oil is of medical grade, e. g. MDX® supplied
by Dow Coming (MDX4-4159 Fluid). A cross-linked silicon oil may also be obtained by first applying a silicon oil, linear
or branched, and secondly irradiating the oil by a high-energy radiation source, e. g. an electron or x-ray source.
[0042] In a more preferred embodiment of the invention the coating comprises a hydrophilized poly(dialkyl siloxane)
block and graft copolymer.
[0043] The copolymer may be any block and graft copolymer which comprises polymeric segments of poly(dialkyl
siloxane), such as PDMS. The polymeric segments may, for example, be combined with polymeric segments of poly-
styrene, polyolefins, polyamides, or polyurethane to form the desired copolymer. The copolymer may be prepared by
any method available, for example by sequential anionic polymerization, or different grafting procedures.
[0044] The hydrophilicity of the coating according to the invention may be obtained by any appropriate method. In
a preferred embodiment of the invention the coating is subjected to an oxidative treatment, such as plasma treatment
or corona treatment after having been applied to the component.
[0045] In another preferred embodiment the coating comprises a copolymer which is made hydrophilic by end-cap-
ping the copolymer with hydrophilic group or chain segments.
[0046] The hydrophilic group may, for example, be a negatively charged chemical group or phosphorylcholine (PC)
groups, and the chain segment may, for example, be poly(ethylene oxide) (PEO) or poly(2-hydroxyethyl methacrylate)
(pHEMA).
[0047] The plasma treated surfaces may be modified in order to further decrease the protein adsorption by coupling
of hydrophilic polymer segments or functional groups. These polymer segments or functional groups may be of the
same kind as those described above, and may further be coupled to the functional groups generated during the plasma
treatment.
[0048] Depending on the migration ability of the coating the hydrophilic groups at the coating will tend to seek into
the coating leaving the surface hydrophobic due to the hydrophobicity of the surrounding air. Accordingly, it is of great
importance that the coating remains hydrophilic during storage until the medical article is filled with the protein solution.
This may be secured by placing the coated article in a hydrophilic environment, such as by filling the medical article
with the protein formulation shortly after the coating process.
[0049] The thickness of the coating depends on the specific coating, and is preferably from 0.005 to 10 µm, more
preferably from 0.01 to 1 µm. The optimal thickness depends on the dimensions and shape of the components, and it
can easily be performed by one skilled in the art. If the coating is too thin the coating may be torn in use, thereby
increasing the friction between the two components. When the thickness of the coating has reached a certain plateau
value the friction forces are approximately constant even when the thickness is further increased. For any coating
composition the coating is preferably as thin as possible to reduce the costs. The thin coating is preferably from 0,005
to 0,4 µm, such as from 0,015 to 0,25 µm, more preferably approximately 0,2 µm.
[0050] The medical article may be any article wherein two components are in frictional engagement with each other,
such as a syringe and plunger, in particular a cartridge with a stopper. The particular form or shape of the components
of the article is not crucial for the present inventionen, as long as they fulfill the criteria for their use, e.g. container and
fluid-tight stopper in frictional engagement.
[0051] The first component is preferably a container, such as a cartridge made of a material selected from glass,
ceramic, metal and preferably plastic. In case of a container made of plastic, the plastic may be filled with inorganic or
organic filler. Preferably, the first component is made of plastic material which is an excellent barrier against the contents
of the protein solution, e. g. water and preservatives. Several different such plastic materials are commercially available,
e. g. polypropylene, cyclic polyolefins, polyester resin.
[0052] The second component is preferably a stopper at least partly made of a flexible material, such as for example
a stopper made of any appropriate material with only the contacting surfaces made in a flexible material, such as
rubber. An example is a stopper with an O-ring. The stopper may also be made totally of a flexible material, such as
rubber. Several suitable rubber materials are available on the market, such as bromobutyl, Santoprene®, and Trefsin®.
[0053] The article may further comprise mixing means. It is preferred that the surface of the mixing means is at least
partly coated with a coating as defined above. This is especially to reduce the protein adsorption to the mixing means,
but it is also of importance that the friction between the mixing means and the other components is reduced.
[0054] The medical article according to the present invention is preferably a container 1 and a stopper 4 as depicted
in Fig 1 A and Fig. 1 B comprising the cylinder wall 2 and a coating 3 on the inner surface of the cylinder wall 2.
[0055] In Fig. 1 B the stopper 4 is depicted with a rubber end 5 to be inserted in the injection cylinder 1. The diameter
D of the stopper is slightly greater than the inner diameter of the injection cylinder to obtain a sufficient liquid tight
sliding engagement.
[0056] The medical article is preferably constructed to avoid leakage of the liquid protein formulation, in particular
without leakage between the stopper and the container wall. This is a problem in particular encountered with a container
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for storing and administrating (injecting) the formulation because the container is filled with the formulation and stored
for a longer period before use. Accordingly, the pressure of the stopper against the container wall is adjusted to with-
stand leakage.
[0057] The coating may be applied either on both the components, in any combination, or on only one of the men-
tioned surfaces. Also, a coating according to the invention may be applied on one of the surfaces, while the other
surface is coated with untreated, i.e. not hydrophilized linear or branched silicon oil. Preferably, at least the component
having the largest surface area in contact with the protein formulation is coated according to the invention.
[0058] Preferably, the coating is applied to substantially all the surfaces to be in contact with the protein solution, in
order to reduce the risk of destabilisation of the protein solution. Furthermore, in order to maintain the low friction and
reduced slip-stick phenomenon at any stage of frictional engagement between the two components the coating should
be applied to the all the surfaces of at least one component to be in frictional engagement with the other component.
[0059] In a preferred embodiment the coating on the first component is different from the coating on the second
component, at least at the surfaces to be in frictional engagement with each other.
[0060] The coating on the first component and the second component may comprise, for example a hydrophilized
poly(dialkyl siloxane) oil and a hydrophilized cross-linked poly(dialkyl siloxane) oil. respectively, or hydrophilized block
copolymer and hydrophilized poly(dialkyl siloxane) oil.
[0061] The object of the present invention is also achieved by a medical article according to the invention coated
with a hydrophilic coating on one component and on the other component coated with a coating responsible or sub-
stantially responsible for the low friction forces.
[0062] The static friction force between the first component and the second component increases gradually with the
storage time from the moment of frictional engagement of the two components to reach a plateau value approximately
14 days after assembling of the components. Thereafter the static friction force is approximately constant. Accordingly,
the static friction force measured 14 days after assembling the two components, such as placing a stopper in a container,
can be taken as a measure of the long-term static friction forces.
[0063] In a medical article according to the invention the long-term static friction forces between the first and the
second component are below 10 N, preferably below 8 N, more preferably below 6 N.
[0064] Every time the movement of the two components relative to each other stops the static friction forces start to
build up again, approaching the plateau value. For a medical multi-dose article for injecting a drug solution this means
that after each dosing of the drug the static friction forces are build up again.
[0065] The dynamic friction force should preferably be as close to the static friction force as possible to secure an
even movement of the second component relative to the first component during an injection. In a preferred embodiment
the dynamic friction forces between the first and the second component are below 8 N, such as 6 N, more preferably
below 4 N.
[0066] The long-term static friction forces as well as the dynamic friction forces depend on the dimensions of the two
components. In the present context the long-term static friction forces are measured with a container as described in
the Examples.
[0067] Another aspect of the present invention is a process of producing a component coated as described above
said process comprises adding the coating material to the component material prior to molding and subsequently
molding the component from the mixture, or molding the component from the component material and subsequently
applying the coating material to the at least one surface of the component, and hydrophilizing the coating material prior
to the molding or after the molding.
[0068] The components of the medical article may be molded by any suitable process, such as injection molding.
[0069] In one embodiment the coating is applied to the component after the molding of said component. The coating
may be applied by any appropriate method, such as dip coating, spray coating or plasma polymerisation. The coating
material is preferably applied as a solution and the solvent removed after application, eg. by evaporation.
[0070] Depending on the specific type of coating a hydrophilisation step may be accomplised prior to or after molding.
When the coating comprises a copolymer being hydrophilised by end-capping the hydrophilisation step is preferably
carried out prior to the coating step.
[0071] in any case, the hydrophilisation may take place as described above.
[0072] In another embodiment the component material and the coating material is mixed before molding and molded
as a mixture. In this case, the coating material preferably comprises a copolymer, such as a polyolefin-PDMS block
copolymer endcapped with a hydrophilic segment or group. During the molding process the coating material will make
for the surface of the component forming a coating fixed to the component.
[0073] The present invention is further discussed below in Examples, which are not intended in any way to limit the
scope of the present invention.
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Examples

[0074] Polypropylene (PP) containers, depicted in Figure 1 A, with a volume of 3,5 ml, and an internal surface area
of 14.1 cm2, having an inner diameter of 9.44 mm were used in the evaluation of the different coatings. The diameter
D of the stopper was 9.6 mm. Polypropylene (PP) and bromobutyl rubber represents model materials for the container
and stopper in the examples. The used silicone oils were Dow Corning DC360 fluid® (DC360) and Dow Corning
MDX4-4159 fluid® (MDX). The molecular data of the polystyrene-polydimethylsiloxane (PSPDMS) block copolymer
used are shown in Table 1 below. These types of copolymers can be prepared by well-known methods by one skilled
in the arts.

Coating procedure

[0075] PP containers and rubber plungers were coated with silicone oil (MDX and DC360) by a dip coating method.
The containers were dip coated in heptane solutions of the silicone oils, and the rubber plungers were dip coated in a
Dow Coming OS10® fluid solution of the silicone oils. The concentrations were 1 % (w/v) for DC360, and 1 + 1 % (w/
v) for the mixture of DC360 and MDX. PP containers were also dip coated in chloroform solutions (1 % w/v) of the
polystyrene-polydimethylsiloxane (PSPDMS) block copolymer. The dip coated samples were left to dry in air at ambient
temperature.

Curing procedure

[0076] Coatings containing MDX were cured by storing the coated containers in an oven at 40 °C for 10 days. A cup
of water was placed in the oven to maintain a relative humidity above 30 % during the curing.

Plasma treatment

[0077] The plasma treatments were performed by using a laboratory set-up. The gas used in the treatment was a
mixture consisting of 80 % argon and 20 % oxygen. The equipment was operated at 40 W, at a pressure of 0.5 bar for
1.5 min.

Example 1

Friction measurements

[0078] Two medical articles were coated according to the invention, the coating was as specified below in Table 2
and one article coated as comparison without hydrophilisation. The friction measurements were carried out as follows:
After coating, drying, and in some cases curing, the plungers and the containers were assembled. The containers were
filled with a commercial liquid insulin solution (Actrapid® from Novo Nordisk A/S, Penmix 30/70 ), sealed with aluminum
caps, and stored at 37 °C. After the storage period, the aluminum caps were removed and the dynamic and static
friction forces between the plungers and the containers were evaluated by using a Lloyds tensile tester at a constant
displacement speed of 100 mm/min. The plunger was pushed down through the container by the tensile tester, and
the force to do so was recorded as a function of the displacement. The maximum static friction force was taken as the
peak friction force reached shortly after the plunger begins to move, and the maximum dynamic friction force was taken
as the maximum friction force reached after the maximum static friction force had been recorded. The friction forces
were measured immediately after assembling, and after 14 days to evaluate the influence of storage time on the friction
forces. The results are shown in Fig. 2 and Fig. 3.
[0079] Water contact angle measurements were carried out with a Leitz sessile drop contact meter at ambient tem-
perature. A 5 microliter droplet of Milli-Q water were pumped out onto the surface be means of a microsyringe, and
the advancing angles were measured. Receding contact angles were measured after the droplet had been in contact
with the surface for 60 sec. At least four measurements were made on different positions on each plate.
[0080] The maximum friction forces measured after 14 days of storage as well as the water contact angle of the
coating at the container are shown in table 2.

Table 1

Block copolymer
designation

Molecular weight of the
PDMS bloc (kg/mol)

Molecular weight of the PS
block (kg/mol)

PDMS content of the
copolymer (wt %)

BCP5 250 250 50
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[0081] As may be seen all the medical articles exhibit acceptable friction measurement values, but the comparison
article exhibit unacceptable water contact angle value.

Example 2

Protein adsorption

[0082] Two of the medical articles coated as specified in example 1 were used in protein adsorption studies exem-
plified as insulin adsorption carried out as follows: Insulin adsorption was measured by filling coated containers with 125I-
labeled Novo Nordisk Penmix 30/70® insulin with a protein activity of 100 U/ml, and a radio activity of 3.9 microCi/ml.
After storage for 14 days at 37 °C the γ-counts per minute (CPM) of the protein solutions in the containers were meas-
ured. The containers were subsequently emptied, and washed 5 times with Milli-Q water. The CPM of the washed
containers were measured, and the insulin adsorption is reported as percentage of the original insulin solution detected
on the ampoules after washing. The average value from measurements on five containers is reported for each given
adsorption value. The water contact angle was measured as specified in example 1.
[0083] The results are shown below.

[0084] As may be seen from table 3 the insulin adsorption to the hydrophilic coating is significantly decreased as
compared to the coating exhibiting a water contact angle of 105 °. The decrease is more than 30 %.

Claims

1. A medical article for containing a pharmaceutical protein preparation comprising at least a first component and a
second component, which is in frictional engagement with said first component, wherein at least one surface on
either the first or the second component or both is coated independently with a hydrophilic coating whereby

the hydrophilicity of the surface of the coating as measured by the water contact angle is below 90 °, and
the long term static frictional forces between the first and the second component are below 14 N.

2. The medical article according to claim 1, wherein the hydrophilicity as measured by the water contact angle is
below 60 °.

3. The medical article according to claim 1 or 2, wherein the coating is a hydrophilized oil or a hydrophilized copolymer.

Table 2

Coating on
container

Coating on plunger Measurements of maximum friction forces
(N)

Water contact angle

Static (S) Dynamic (D) (°)

MDX and DC360
(comparison - no
hydrophilisation)

DC360 10,0 8,0 105

MDX and
DC360/plasma
treated

DC360 12,01 7,0 < 10

DC360/plasma
treated

BCP5 block
copolymer

9,2 7,0 < 10

Table 3

Coating on container Coating on plunger Water contact angle
(°)

Protein adsorption (%)

MDX and DC360 / (comparison - no
hydrophilisation)

DC360 105 0,33

MDX and DC360/plasma treated DC360 <10 0,23
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4. The medical article according to claim 3, wherein the coating comprises a hydrophilized poly(dialkyl siloxane) oil
or copolymer.

5. The medical article according to claim 4, wherein the coating comprises a crosslinked or gelled hydrophilized poly
(dialkyl siloxane) oil.

6. The medical article according to claim 4 or 5, wherein the coating comprises a hydrophilized poly(dialkyl siloxane)
oil having a viscosity above 200,000 centistokes.

7. The medical article according to any of the preceding claims, wherein the coating on the first component comprises
a hydrophilized poly(dialkyl siloxane) oil and the coating on the second component comprises a hydrophilized
cross-linked poly(dialkyl siloxane) oil.

8. The medical article according to claim 4, wherein the coating comprises a hydrophilized poly(dialkyl siloxane) block
and graft copolymer.

9. The medical article according to any of claims 4 to 8, wherein the poly(dialkyl siloxane) is selected from poly
(dimethyl siloxane), poly(dipropyl siloxane) or poly(dihexyl siloxane).

10. The medical article according to any of the preceding claims, wherein the coating is hydrophilized by oxidative
treatment, such as plasma treatment or corona treatment.

11. The medical article according to any of claims 1 to 9, wherein the coating comprises a copolymer which is hy-
drophilized by end-capping the copolymer with hydrophilic group or chain segments.

12. The medical article according to any of the preceding claims, wherein the oxidatively treated coating is further
modified by coupling hydrophilic polymer segments or functional groups to the coating.

13. The medical article according to any of the preceding claims, wherein the thickness of the coating is from 0.005
to 10 µm, preferably from 0.01 to 1 µm.

14. The medical article according to any of the preceding claims, wherein the first component is a container made of
a material selected from glass, ceramic, metal, plastic and plastic filled with inorganic or organic filler.

15. The medical article according to claim 14, wherein the first component is made of plastic or plastic filled with
inorganic or organic filler.

16. The medical article according to any of the preceding claims, wherein the second component is a stopper at least
partly made of a flexible material.

17. The medical article according to any of the preceding claims, wherein the article further comprises mixing means.

18. The medical article according to claim 16, wherein the surfaces of the mixing means are at least partly coated with
a coating as defined in any of claims 1-12.

19. The medical article according to any of the preceding claims, wherein the maximum static friction forces between
the first and the second component after 14 days are below 12 N.

20. The medical article according to any of the preceding claims, wherein the maximum dynamic friction forces between
the first and the second component after 14 days are below 10 N.

21. A process of producing a component of a medical article having at least one surface coated with a coating as
defined in any of claims 1-13, comprising

- adding the coating material to the component material prior to molding and subsequently molding the compo-
nent from the mixture, or

- molding the component from the component material and subsequently applying the coating material to the
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at least one surface of the component,

- hydrophilizing the coating material prior to the molding or after the molding to the extent that the hydrophilicity
of the surface of the coating is below 90° as measured by the water contact angle, and

- obtaining the coated component.

22. Hydrophilizing the coating material prior to the molding or a process according to claim 21, wherein the coating is
applied by dip coating, spray coating or plasma polymerisation.

23. A process according to claim 21 or 22, wherein the coating is solubilized prior to application and the solvent removed
after application.

24. A process according to any of claims 21 to 23, wherein the coating is cured.

25. A process according to any of the claims 21-24, wherein the oil or copolymer is hydrophilized by oxidative treatment.

26. A process according to any of claims 21-25, wherein the copolymer is hydrophilized by end-capping the copolymers
with hydrophilic group or chain segments.

27. A process according to any of the claims 21-26, wherein the thickness of the coating is from 0.005 to 10 µm.

28. A process according to any of the claims 21-27, wherein the component is a container made of a material selected
from glass, ceramic, metal and plastic.

29. A process according to any of the claims 21-28, wherein the component is a stopper at least partly made of a
flexible material.

Patentansprüche

1. Medizinischer Gegenstand als Behälter für ein pharmazeutisches Proteinpräparat, umfassend mindestens einen
ersten Bestandteil und einen zweiten Bestandteil, der in Reibungskupplung mit dem ersten Bestandteil steht, wobei
mindestens eine Oberfläche entweder des ersten oder des zweiten Bestandteils oder von beiden unabhängig mit
einer hydrophilen Beschichtung beschichtet ist, wobei

die Hydrophilie der Beschichtungsoberfläche, gemessen durch den Wasserkontaktwinkel, unter 90° liegt und
die statischen Langzeit-Reibungskräfte zwischen dem ersten und dem zweiten Bestandteil unter 14 N liegen.

2. Medizinischer Gegenstand nach Anspruch 1, wobei die Hydrophilie, gemessen durch den Wasserkontaktwinkel,
unter 60° liegt.

3. Medizinischer Gegenstand nach Anspruch 1 oder 2, wobei die Beschichtung ein hydrophiliertes Öl oder ein hy-
drophiliertes Copolymer ist.

4. Medizinischer Gegenstand nach Anspruch 3, wobei die Beschichtung ein hydrohiliertes Poly(dialkylsiloxan)-Öl
oder -Copolymer umfasst.

5. Medizinischer Gegenstand nach Anspruch 4, wobei die Beschichtung ein vernetztes oder geliertes hydrophiliertes
Poly(dialkylsiloxan)-Öl umfasst.

6. Medizinischer Gegenstand nach Anspruch 4 oder 5, wobei die Beschichtung ein hydrophiliertes Poly(dialkylsilo-
xan)-Öl mit einer Viskosität über 200.000 Centistoke umfasst.

7. Medizinischer Gegenstand nach einem der vorangehenden Ansprüche, wobei die Beschichtung des ersten Be-
standteils ein hydrophiliertes Poly(dialkylsiloxan)-Öl und die Beschichtung des zweiten Bestandteils ein hydrophi-
liertes vernetztes Poly(dialkylsiloxan)-Öl umfasst.

8. Medizinischer Gegenstand nach Anspruch 4, wobei die Beschichtung ein hydrophiliertes Poly(dialkylsiloxan)
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-Block- und Pfropfcopolymer umfasst.

9. Medizinischer Gegenstand nach einem der Ansprüche 4 bis 8, wobei das Poly(dialkylsiloxan) ausgewählt ist aus
Poly(dimethylsiloxan), Poly(dipropylsiloxan) oder Poly(dihexylsiloxan).

10. Medizinischer Gegenstand nach einem der vorangehenden Ansprüche, wobei die Beschichtung durch oxidative
Behandlung wie Plasmabehandlung oder Coronabehandlung hydrophiliert ist.

11. Medizinischer Gegenstand nach einem der Ansprüche 1 bis 9, wobei die Beschichtung ein Copolymer umfasst,
das am Ende des Copolymers mittels hydrophilen Gruppen- oder Kettensegmenten hydrophiliert ist.

12. Medizinischer Gegenstand nach einem der vorangehenden Ansprüche, wobei die oxidativ behandelte Beschich-
tung weiter durch Kupplung von hydrophilen Polymersegmenten oder funktionellen Gruppen an die Beschichtung
modifiziert ist.

13. Medizinischer Gegenstand nach einem der vorangehenden Ansprüche, wobei die Dicke der Beschichtung 0,005
bis 10 µm, vorzugsweise 0,01 bis 1 µm beträgt.

14. Medizinischer Gegenstand nach einem der vorangehenden Ansprüche, wobei der erste Bestandteil ein Behälter
ist, der aus einem Material, ausgewählt aus Glas, Keramik, Metall, Kunststoff und mit anorganischem oder orga-
nischem Füllstoff gefülltem Kunststoff, hergestellt ist.

15. Medizinischer Gegenstand nach Anspruch 14, wobei der erste Bestandteil aus Kunststoff oder mit anorganischem
oder organischem Füllstoff gefüllter Kunststoff ist.

16. Medizinischer Gegenstand nach einem der vorangehenden Ansprüche, wobei der zweite Bestandteil ein Stöpsel
ist, der zumindest teilweise aus einem flexiblen Material hergestellt ist.

17. Medizinischer Gegenstand nach einem der vorangehenden Ansprüche, wobei der Gegenstand weiter eine Misch-
vorrichtung umfasst.

18. Medizinischer Gegenstand nach Anspruch 16, wobei die Oberflächen der Mischvorrichtung zumindest teilweise
mit einer wie in einem der Ansprüche 1 bis 12 definierten Beschichtung beschichtet sind.

19. Medizinischer Gegenstand nach einem der vorangehenden Ansprüche, wobei d ie m aximalen d ynamischen R
eibungskräfte z wischen d em ersten und dem zweiten Bestandteil nach 14 Tagen unter 12 N liegen.

20. Medizinischer Gegenstand nach einem der vorangehenden Ansprüche, wobei d ie m aximalen d ynamischen R
eibungskräfte z wischen d em ersten und dem zweiten Bestandteil nach 14 Tagen unter 10 N liegen.

21. Verfahren zur Herstellung eines Bestandteils von einem medizinischen Gegenstand mit mindestens einer Ober-
fläche, die mit einer wie in einem der Ansprüche 1 bis 13 definierten Beschichtung beschichtet ist, umfassend

- Zugabe des Beschichtungsmaterials zu dem Bestandteilmaterial vor dem Formen und anschließendes For-
men des Bestandteils aus dem Gemisch oder

- Formen des Bestandteils aus dem Bestandteilmaterial und anschließendes Auftragen des Beschichtungsma-
terials auf mindestens eine Oberfläche des Bestandteils,

- Hydrophilieren des Beschichtungsmaterials vor dem Formen oder nach dem Formen auf das Ausdehnungs-
maß, durch welches die Hydrophilie der Beschichtungsoberfläche unter 90° liegt, wie gemessen durch den
Wasserkontaktwinkel und

- Erhalten des beschichteten Bestandteils.

22. Hydrophilieren des Beschichtungsmaterials vor dem Formen oder ein Verfahren nach Anspruch 21, wobei die
Beschichtung durch Tauchbeschichtung, Sprühbeschichtung oder Plasmapolymerisation aufgetragen wird.
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23. Verfahren nach Anspruch 21 oder 22, wobei die Beschichtung vor dem Auftragen gelöst und das Lösungsmittel
nach dem Auftragen entfernt wird.

24. Verfahren nach einem der Ansprüche 21 bis 23, wobei die Beschichtung gehärtet wird.

25. Verfahren nach einem der Ansprüche 21 bis 24, wobei das Öl oder Copolymer durch oxidative Behandlung hy-
drophiliert wird.

26. Verfahren nach einem der Ansprüche 21 bis 25, wobei das Copolymer am Ende des Copolymers mittels hydro-
philen Gruppen- oder Kettensegmenten hydrophiliert wird.

27. Verfahren nach einem der Ansprüche 21 bis 26, wobei die Dicke der Beschichtung 0,005 bis 10 µm beträgt.

28. Verfahren nach einem der Ansprüche 21 bis 27, wobei der Bestandteil ein Behälter ist, der aus einem Material,
ausgewählt aus Glas, Keramik, Metall und Kunststoff, hergestellt ist.

29. Verfahren nach einem der Ansprüche 21 bis 28, wobei der Bestandteil ein Stöpsel ist, der zumindest teilweise aus
einem flexiblen Material hergestellt ist.

Revendications

1. Un article médical destiné à contenir une préparation de protéine pharmaceutique comprenant au moins un premier
composant et un deuxième composant, qui est en contact de frottement avec ledit premier composant, dans lequel
au moins une surface soit sur le premier composant soit sur le deuxième composant soit sur les deux est enrobée
indépendamment avec un revêtement hydrophile si bien que :

l'hydrophilie de la surface du revêtement telle qu'elle est mesurée par l'angle de contact avec l'eau est inférieure
à 90° et
les forces de frottement statiques à long terme entre le premier et le deuxième composant sont inférieures à
14 N.

2. L'article médical selon la revendication 1, dans lequel l'hydrophilie, telle qu'elle est mesurée par l'angle de contact
avec l'eau, est en-dessous de 60°.

3. L'article médical selon la revendication 1 ou 2, dans lequel le revêtement est une huile hydrophilisée ou un polymère
hydrophilisé.

4. L'article médical selon la revendication 3, dans lequel le revêtement comprend une huile ou un copolymère de
poly(dialkyl siloxane) hydrophilisé.

5. L'article médical selon la revendication 4, dans lequel le revêtement comprend une huile de poly(dialkyl siloxane)
hydrophilisée gélifiée ou réticulée.

6. L'article médical selon la revendication 4 ou 5, dans lequel le revêtement comprend une huile de poly(dialkyl
siloxane) hydrophilisée ayant une viscosité supérieure à 200 000 centistokes.

7. L'article médical selon l'une quelconque des revendications précédentes, dans lequel le revêtement sur le premier
composant comprend une huile de poly(dialkyl siloxane) hydrophilisée et le revêtement sur le deuxième composant
comprend une huile de poly(dialkyl siloxane) réticulée hydrophilisée.

8. L'article médical selon la revendication 4, dans lequel le revêtement comprend un copolymère séquencé et greffé
de poly(dialkyl siloxane) hydrophilisé.

9. L'article médical selon l'une quelconque des revendications 4 à 8, dans lequel le poly(dialkyl siloxane) est choisi
parmi le poly(diméthyl siloxane), le poly(dipropyl siloxane ou le poly(dihexyl siloxane).

10. L'article médical selon l'une quelconque des revendications précédentes, dans lequel le revêtement est hydrophi-



EP 1 060 031 B1

5

10

15

20

25

30

35

40

45

50

55

13

lisé par traitement oxydant, comme un traitement au plasma ou un traitement par effet corona.

11. L'article médical selon l'une quelconque des revendications 1 à 9, dans lequel le revêtement comprend un copo-
lymère qui est hydrophilisé par coiffage d'extrémité du polymère avec le groupe hydrophile ou des segments de
chaîne.

12. L'article médical selon l'une quelconque des revendications précédentes, dans lequel le revêtement traité de façon
oxydante est, en outre, modifié en couplant des segments de polymère hydrophile ou des groupes fonctionnels
au revêtement.

13. L'article médical selon l'une quelconque des revendications précédentes, dans lequel l'épaisseur du revêtement
se situe de 0,005 à 10 µm, de préférence de 0,01 à 1 µm.

14. L'article médical selon l'une quelconque des revendications précédentes, dans lequel le premier composant est
un récipient constitué d'un matériau choisi parmi le verre, les céramiques, le métal, les matières plastiques et les
matières plastiques chargées avec une charge organique ou non organique.

15. L'article médical selon la revendication 14, dans lequel le premier composant est constitué de matière plastique
ou de matière plastique chargée avec une charge organique ou non organique.

16. L'article médical selon l'une quelconque des revendications précédentes, dans lequel le deuxième composant est
un bouchon constitué au moins partiellement d'un matériau souple.

17. L'article médical selon l'une quelconque des revendications précédentes, dans lequel l'article comprend, en outre,
des moyens de mélange.

18. L'article médical selon la revendication 16, dans lequel les surfaces des moyens de mélange sont au moins par-
tiellement enrobées avec un revêtement comme défini dans l'une quelconque des revendications 1 à 12.

19. L'article médical selon l'une quelconque des revendications précédentes, dans lequel les forces de frottement
statiques maximales entre le premier et le deuxième composant après 14 jours sont en-dessous de 12 N.

20. L'article médical selon l'une quelconque des revendications précédentes, dans lequel les forces de frottement
dynamiques maximales entre le premier et le deuxième composant après 14 jours sont en-dessous de 10 N.

21. Un procédé d'obtention d'un composant d'un article médical ayant au moins une surface enrobée avec un revê-
tement comme défini dans l'une quelconque des revendications 1 à 13, comprenant les étapes consistant à :

- ajouter le matériau de revêtement au composant avant le moulage et après le moulage du composant à partir
du mélange ou

- mouler le composant à partir du composant et appliquer subséquemment le matériau de revêtement à au
moins une surface du composant,

- hydrophiliser le matériau de revêtement avant le moulage ou après le moulage jusqu'à ce que l'hydrophilie
de la surface du revêtement soit en-dessous de 90°, comme mesuré par l'angle de contact avec l'eau et

- obtenir le composant enrobé.

22. Hydrophilisation du matériau de revêtement avant le moulage ou un procédé selon la revendication 21, dans
laquelle le revêtement est appliqué par immersion, pulvérisation ou polymérisation au plasma.

23. Un procédé selon la revendication 21 ou 22, dans lequel le revêtement est solubilisé avant l'application et le solvant
est éliminé avant l'application.

24. Un procédé selon l'une quelconque des revendications 21 à 23, dans lequel le revêtement est durci.

25. Un procédé selon l'une quelconque des revendications 21 à 24, dans lequel l'huile ou le copolymère est hydro-
philisé par traitement oxydant.

26. Un procédé selon l'une quelconque des revendications 21 à 25, dans lequel le copolymère est hydrophilisé par
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coiffage d'extrémité des copolymères avec un groupe hydrophile ou des segments de chaîne.

27. Un procédé selon l'une quelconque des revendications 21 à 26, dans lequel l'épaisseur du revêtement est de
0,005 à 10 µm.

28. Un procédé selon l'une quelconque des revendications 21 à 27, dans lequel le composant est un récipient constitué
d'un matériau choisi parmi le verre, les matières céramiques, le métal et les matières plastiques.

29. Un procédé selon l'une quelconque des revendications 21 à 28, dans lequel le composant est un bouchon réalisé
au moins partiellement en un matériau flexible.
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