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(57) ABSTRACT 
The pharmaceutical packing device has a holloW plastic 
body (1) of axial length (1) and a cylindrical portion (7) 
extending over at least a part of its axial length and an 
interior silicone lubricant layer (3) provided on an interior 
Wall of the plastic body in the cylindrical portion The 
lubricant layer (3) provides a sliding surface for a ?exible 
piston (4) slidably mounted in the holloW plastic body, thus 
forming an injector device. The silicone lubricant layer (3) 
is a mixture of a reactive silicone oil With a non-reactive 
silicone oil according to the invention. This lubricant layer 
is provided in a one-step method in a simple manner. 
Especially this method avoids or minimizes the amount of 
droplets of silicone oil fed into the contents of the holloW 
plastic body 
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PHARMACEUTICAL PACKING DEVICE 
COMPRISING A HOLLOW PLASTIC BODY 

HAVING AN IMPROVED INTERNAL LUBRICANT 
LAYER AND METHOD OF MAKING SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to a pharmaceutical packing 
or ?lling device, Which comprises an extended or elongated 
holloW plastic body having an axial length and a cylindrical 
portion extending over at least part of the axial length, Which 
is provided With an interior silicone lubricant layer in this 
cylindrical portion and Which is tightly closed by a stopper. 
It also relates to a method of making this pharmaceutical 
packing or ?lling device. 

[0003] 1. Prior Art 

[0004] In the pharmaceutical packing device comprising 
the extended holloW plastic body an elastomeric closing 
member, eg a piston or a piston stopper, is inserted in its 
holloW interior space, and is slidable in the extended holloW 
plastic body, bearing ?exibly on its interior Wall. Typical 
examples include plastic syringe cylinders for pre-?lled 
syringes, injector devices for cylindrical ampoules and cap 
sules, and also piston burettes in analytical chemistry appli 
cations. 

[0005] In order to overcome various problems typically a 
silicone lubricant layer is provided on the interior Wall of the 
holloW plastic body. 

[0006] According to US. Pat. No. 4,767,414 and Euro 
pean Patent EP 0 201 915 B1 silicone oil is applied to the 
surface of the interior Wall. In the method described in these 
references the surface is activated With ioniZing plasma to 
obtain good adherence and the silicone oil applied to it is 
similarly treated With ioniZing plasma. 

[0007] This process is comparatively inconvenient. Also 
the silicone oil is comparatively non-reactive, i.e. free sili 
cone oil, Which is exposed to the contents of the holloW 
plastic body in operation of the piston. The introduction of 
the silicone oil in the human body in the case of injectors 
should be reduced to a minimum for knoWn reasons. US. 
Pat. No. 4,844,986 describes a process for providing a 
silicone lubricant layer to the interior Wall of the holloW 
plastic body by means of plasma polymeriZation for prepa 
ration of a coating of polydimethylsiloxane. 

[0008] Also this process requires activation of the plastic 
surface and a multistep application process. 

[0009] European Patent Document EP 0 329 041 describes 
a process for coating the interior Wall of a holloW plastic 
body With a polysiloxane, or polysilane or polysilaZane by 
means of an ioniZing plasma, Whereby an adherent layer of 
this material is ?rst produced and then a thin lubricant layer 
is applied over it. 

[0010] Also this process requires activation of the plastic 
surface and comprises many steps. 

[0011] The same is true of the process described in EP 0 
302 625 B1, according to Which the surface of the interior 
Wall of the holloW plastic body is ?rst treated With plasma 
in order to obtain a plasma treated polymer surface. Then a 
layer of a polysiloxane lubricant is applied to that surface 
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Without plasma treatment. The polysiloxane lubricant is 
provided With a suitable predetermined surface tension so 
that it Will Wet the plasma treated surface completely. 

[0012] Finally US. Pat. No. 5,338,312 describes a coating 
for the interior Wall of a holloW plastic body, on Which tWo 
lubricant layers are applied over each other, namely a base 
layer of silicone oil With a higher viscosity applied on the 
interior Wall by means of an adhesive layer and a surface 
layer of silicone oil With a loWer viscosity. The silicone oils 
of the individual layers are preferably cross-linked by means 
of ioniZed plasma. 

[0013] Similarly expensive process engineering is 
required to provide the lubricant layers in this last process. 
Among other things, the surface layer contains much free, 
i.e. non-reactive, silicone oil. 

SUMMARY OF THE INVENTION 

[0014] It is an object of the present invention to provide a 
pharmaceutical packing device of the above-described type 
comprising an extended or elongated holloW plastic body 
having a cylindrical portion extending over at least part of its 
axial length, Which is provided With a silicone lubricant 
layer in this cylindrical portion and Which is tightly closed 
by a stopper, Which is structured so that it can be made in a 
simple manner by a single stage process and so that the 
contamination of the contents of holloW plastic body With 
silicone droplets is minimiZed. 

[0015] It is also an object of the invention to provide a 
method of making the pharmaceutical packing device of the 
above-described type that is simple, that consists of a single 
stage process Without contamination of the contents of the 
container With silicone droplets. 

[0016] According to the invention the lubricant layer is 
made from a mixture of reactive silicone oil With non 
reactive silicone oil. 

[0017] The process for making the pharmaceutical pack 
ing device comprising the holloW plastic body that attains 
the above-described objects comprises the folloW steps: 

[0018] a) forming the holloW plastic body With knoWn 
engineering methods; 

[0019] b) preparing a mixture of reactive silicone oil With 
non-reactive silicone oil; 

[0020] c) applying the mixture of the silicone oils to the 
interior Wall of the holloW plastic body on the cylindrical 
portion of the holloW plastic body to form a preliminary or 
precursor layer With knoWn methods; 

[0021] d) cross-linking the mixed silicone oils in the 
preliminary layer to form the lubricant layer; and 

[0022] e) processing the holloW plastic body provided 
With the lubricant layer according to its predetermined 
application. The principle feature of the invention thus is the 
use of a mixture of reactive silicone oil and non-reactive 
silicone oil. It is especially surprising that use of this type of 
mixture does not require activation of the surface of the 
holloW plastic body. 

[0023] According to a preferred embodiment of the inven 
tion this occurs When the plastic material, from Which the 
holloW plastic body is made, is a cycloole?n polymer or a 
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copolymer (COC) and the mixture of silicone oils is applied 
immediately after the molding or forming of the hollow 
plastic body to its interior Wall, While the holloW plastic 
body is still heated, preferably at a temperature over 40°C. 

[0024] The invention permits the application of the sili 
cone lubricant layer to the holloW plastic body in a single 
step process, Which means Without expensive activation of 
the surface or multistep application processes. The reactive 
silicone oil component forms an adherent base layer after the 
cross-linking, in Which the partially non-reactive silicone oil 
component is locally embedded Which provides the lubri 
cation properties. 

[0025] Reactive silicone oils contain reactive functional 
groups, Which permit cross-linking to themselves and as 
needed With other surfaces, in contrast to non-reactive 
silicone oils. 

[0026] Thus a separating and lubricating layer is formed 
betWeen the container (holloW plastic body) and moving 
elastomeric component (stopper). 

[0027] The structure of the layer is based on a siloxane 
molecule that contains functional groups according to its 
hardening mechanism according to its function. 

[0028] Reactive silicone oil especially contain vinyl 
groups, Which cross-link under the in?uence of heat (tem 
perature) and ultraviolet radiation (UV). Particularly the 
cross-linking reaction is catalyZed by platinum compounds. 

[0029] The hardened silicone oil then forms a solid ?lm, 
Which functions as a separating layer betWeen the holloW 
plastic body and the piston-like stopper. Because of that a 
baking of the stopper, especially When it is made of bro 
mobutyl, onto the COC surface of the holloW plastic body is 
prevented. Dimethylpolysiloxane may be admixed to the 
reactive silicone oil as a non-reactive silicone oil for reduc 
tion of the sliding friction. 

[0030] A siliconiZing agent based on a reactive silicone oil 
is preferably formed from vinyl-group-containing silicone 
oil, cross-linking agent, catalyst, solvent and non-reactive 
dimethylpolysiloxane having a viscosity of from 350 to 
20000 cSt. 

[0031] The use of a mixture of reactive and non-reactive 
silicone oil as lubricant is already knoWn from US. Pat. Nos. 
4,806,430 and 4,720,521. In the knoWn case hoWever only 
metal substrates, such as injector needles, raZor blades or the 
like, Were coated. The present invention in contrast com 
prises an improved pharmaceutical packing device provided 
With the above-described coating on its plastic surfaces. 
There is no suggestion in the prior art that the lubricant layer 
on the pharmaceutical container should be provided by the 
above-described method according to the invention. This 
type of coating has not previously been used in the ?eld of 
coatings for plastic bodies. 

[0032] Since the substrate of the invention is entirely 
different, the appropriate coating process is also expected to 
be entirely different, especially because the adherence prop 
erties of the layer on plastic are very different from the 
adherence properties on metal. For example, it is knoWn that 
in the painting of automobiles the painting of the metallic 
chassis cannot be performed in the same manner as the 
painting of a plastic bumper that is typically made from 
polyole?n. The plastic container according to the invention 
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furthermore comprises a permeable plastic in Which com 
ponents of the siliconiZing agent can diffuse or Wander into 
the plastic body and thus Would no longer provide the 
required lubrication. This problem is not present in the case 
of impermeable metallic substrates in Which those same 
components cannot diffuse according to the above-described 
prior art. Also in pharmaceutical products the holloW plastic 
body is tightly sealed by an elastomeric stopper. Silicone can 
be dislodged by the required sealing force or similarly can 
diffuse into the stopper, so that it Would not be possible to 
slide the stopper after a long storage interval. 

[0033] Finally the silicone material of the holloW plastic 
body is exposed to liquid contact during the entire storage 
time of the ?lled pharmaceutical packing device (Which is 
up to 5 years), Which is not the case for the products 
according to the state of the prior art. 

[0034] The cylindrical portion of the holloW plastic body 
may be provided With the silicone lubricant layer over its 
entire axial length. 

[0035] HoWever special advantages can be derived from a 
selective application of the silicone oil over a predetermined 
axial distance on the cylindrical portion, i.e. When certain 
regions are not coated. Additional functions can result from 
this type of axial coating, for example by the selective 
coating of certain interior regions of a syringe cylinder in 
Which a rubber piston slides. By not coating the rear end of 
the syringe cylinder over about 1 cm of axial length, the 
WithdraWal of the rubber piston from this rear end of the 
syringe cylinder can be prevented. This selective coating 
thus alloWs the formation of a piston brake Without great 
expense. 

[0036] On the other hand it is also possible to leave a 
region of about one cm Width at the head or top end of the 
syringe cylinder Without a lubricant layer. Thus the reverse 
effect can be obtained: since in this region the piston 
encounters a higher frictional resistance, but the piston may 
be moved up to the front end of syringe cylinder on the 
provided lubricant layer. Because of the absence of the 
lubricant layer in the front region of the cylinder interior, it 
is no longer possible to move the piston back into the 
cylinder. Thus a non-reusable injection device is provided by 
this very simple technique. 

[0037] Avery tough reactive one-component silicone may 
be Worked into a loW viscosity, non-reactive silicone oil in 
a mixture according to the invention, since the latter acts as 
a diluent or thinning agent. 

[0038] The invention provide de?nite process advantages 
in comparison to the state of the art as Well as additional 
functions to the resulting product. Also contamination of the 
contents by silicone droplets is de?nitely reduced, for 
example during ?ling of one-time-usage syringes, since the 
content of free, i.e. non-reactive, silicone in the lubricant 
layer is loWered to a minimum according to the invention. 

[0039] Additional advantages of the holloW plastic body 
according to the invention include: 

[0040] a) The difference betWeen static friction and sliding 
friction in the holloW plastic body according to the invention 
is not as great as in the knoWn holloW body. Because of that 
compression forces required by comparatively high static 
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friction forces, Which can lead for example to jerky dispens 
ing of the contents of the injector body are avoided. 

[0041] b) Improved adherence of the lubricant layer on the 
surface of the interior Wall of the injector body is obtained. 

[0042] c) It is possible to reduce the otherWise conven 
tional siliconiZation of the rubber stopper that is slidable in 
the cylindrical portion of the holloW plastic body to a 
minimum. 

[0043] It has been proven that the lubricant layer accord 
ing to the invention can be steriliZed by standard methods 
(typically by a steam treatment in an autoclave at 121°C. for 
20 minutes), and feW silicone particles are found in the 
contents as a result of that treatment. Its properties have no 
limiting changes either before or after irradiation of the body 
provided With the lubricant layer by high energy radiation 
(y-radiation, electron beam, high energy light ?ash, etc). 

BRIEF DESCRIPTION OF THE DRAWING 

[0044] The objects, features and advantages of the inven 
tion Will noW be illustrated in more detail With the aid of the 
folloWing description of the preferred embodiments, With 
reference to the accompanying ?gures in Which: 

[0045] The sole ?gure is a longitudinal cross-sectional 
vieW through a holloW plastic body provided With an interior 
lubricant layer by the method according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0046] A syringe body for a pre-?lled syringe device is 
shoWn in the ?gure as an extended holloW plastic body 1 
With an interior lubricant layer 3 in preferred embodiments 
according to the invention. It is understood that the holloW 
plastic body 1 according to the invention can also be an 
injector body for a cylindrical ampoule, capsule or piston 
burette. 

[0047] The interior Wall 2 of the holloW plastic body 1 is 
provided With the lubricant layer 3 inside the holloW plastic 
body 1. 

[0048] The elements of the holloW plastic body 1 in the 
?gure are not draWn to scale in order to be able to shoW the 
applied silicone lubricant layer 3. 

[0049] This silicone lubricant layer 3 is applied to a 
cylindrical portion 7 of the holloW plastic body 1 and 
extends over a portion of the total axial extent 1 of the 
holloW plastic body 1. It can extend over the entire length 1‘ 
of this cylindrical portion, as shoWn in the left part of the 
?gure. HoWever it can also extend as in the right part of the 
?gure so as to leave end sections Aand B uncoated. Apiston 
4 is positioned inside of the syringe cylinder, Which is 
slidable by means of a detachable piston rod 5. The silicone 
lubricant layer 3 provides a smooth lubricated sliding 
motion for the piston 4. The lubricant free end section B acts 
as a piston brake, i.e. it prevents the piston 4 from being 
WithdraWn from the syringe cylinder. The free end sectionA 
prevents the piston from being moved back into the interior 
of the injector body When the piston 4 is moved into a 
position at the top end of the injector body. Thus a reuse of 
the system is prevented so that the injector device is thus a 
one-time pre-?lled injector device. The silicone lubricant 
layer 3 according to the invention comprises a mixture of 
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reactive silicone oil of higher viscosity than the non-reactive 
silicone oil of loWer viscosity. 

[0050] The viscosity of the reactive silicone oil for a 
one-component system is from 10,000 to 100,000 centis 
tokes, and from 200 to 5000 centistorkes for a multi 
component system. In contrast the viscosity of the non 
reactive silicone oil is from 350 to 20,000 centistokes. 

[0051] The silicone oil can be diluted prior to application, 
especially When it is applied by spraying. 

[0052] The thickness of the silicone lubricant layer 3 is in 
a range of from 10 nm to 1 pm. 

[0053] The proportion of free, i.e. non-reactive, silicone 
oil depends on the proportion of solvent and the viscosity of 
the reactive silicone oil being employed. It is in a range of 
from 5% to 85% relative to the total amount of the mixture. 

[0054] The silicone oils can comprise the folloWing sili 
cone compounds: 

[0055] Non-cross-linked polar silicones or polysiloxanes, 
especially non-reactive polydimethyldisiloxane (PDMS) or 
reactive polymeric siloxane, copolymers of alkylamine 
modi?ed methoxysiloxanes and polysiloxane With an ami 
noalkyl group. 

[0056] The cross-linking occurs With knoWn methods, 
especially With UV light or by plasma polymeriZation. 

[0057] The plastic material, from Which the holloW plastic 
body 1 is made, must meet special requirements for concrete 
applications. In applications Which require good dimen 
sional accuracy, as With injector bodies and burette cylinders 
for piston burettes, a comparatively rigid plastic is prefer 
able, preferably a cycloole?n copolymer (COC), Which is 
formed by injection molding processes. Advantageously an 
in-line method is used in Which the holloW plastic body is 
formed in an assembly line, ?lled and closed. This type of 
process is described in prior art German Patent Application 
196 52 7082-35. Basically With this process it is possible to 
apply the mixture of silicone oils to its interior Wall having 
a temperature over 40°C. immediately after the forming of 
the holloW plastic body, Which provides an especially good 
adherence of the silicone lubricant layer, especially then, 
When the holloW plastic body 1 is made from a COC plastic 
material. 

[0058] The disclosure in German Patent Application 197 
53 7669-43 of Dec. 4, 1997 is incorporated here by refer 
ence. This German Patent Application describes the inven 
tion described hereinabove and claimed in the claims 
appended hereinbeloW and provides the basis for a claim of 
priority for the instant invention under 35 U.S.C. 119. 

[0059] While the invention has been illustrated and 
described as embodied in a pharmaceutical packing device 
comprising a holloW plastic body With an improved internal 
lubricant layer and method of making same, it is not 
intended to be limited to the details shoWn, since various 
modi?cations and changes may be made Without departing 
in any Way from the spirit of the present invention. 

[0060] Without further analysis, the foregoing Will so fully 
reveal the gist of the present invention that others can, by 
applying current knoWledge, readily adapt it for various 
applications Without omitting features that, from the stand 
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point of prior art, fairly constitute essential characteristics of 
the generic or speci?c aspects of this invention. 

[0061] What is claimed is neW and is set forth in the 
following appended claims. 

We claim: 
1. A pharmaceutical packing device comprising an 

extended holloW plastic body (1) having an axial length (1) 
and a cylindrical portion (7) extending over at least a part of 
said axial length (1) of said holloW plastic body (1) and an 
interior silicone lubricant layer (3) provided in said cylin 
drical portion (7); 

Wherein said holloW plastic body (1) is formed so as to be 
tightly closable by means of a stopper (4), and Wherein 
said silicone lubricant layer comprises a mixture of a 
reactive silicone oil With a non-reactive silicone oil. 

2. The pharmaceutical packing device as de?ned in claim 
1, Wherein the reactive silicone oil is a one-component 
system With a viscosity of from 10,000 to 100,000 centis 
tokes or a multi-component system With a viscosity of from 
200 to 5,000 centistokes, and the non-reactive silicone oil 
has a viscosity of from 350 to 20,000 centistokes. 

3. The pharmaceutical packing device as de?ned in claim 
1, Wherein the mixture contains from 5% to 85% of said 
non-reactive silicone oil. 

4. The pharmaceutical packing device as de?ned in claim 
1, Wherein the lubricant layer (3) has a thickness of from 10 
nm to 1 pm. 

5. The pharmaceutical packing device as de?ned in claim 
1, Wherein the cylindrical portion (7) of the holloW plastic 
body (1) has an axial length (1‘) and said lubricant layer (3) 
extends over the entire axial length (1‘). 

6. The pharmaceutical packing device as de?ned in claim 
1, Wherein the cylindrical portion (7) of the holloW plastic 
body has an axial length (1‘) and said lubricant layer (3) 
extends over only a portion of said entire axial length (1‘) of 
the cylindrical portion so as to leave an end section (A,B) of 
the cylindrical portion uncoated. 

7. The pharmaceutical packing device as de?ned in claim 
1, Wherein the cylindrical portion (7) of the holloW plastic 
body has an axial length (1‘) and said lubricant layer (3) 
extends over only a portion of said entire axial length (1‘) of 
the cylindrical portion so as to leave tWo end sections (A,B) 
of the cylindrical portion uncoated. 

8. The pharmaceutical packing device as de?ned in claim 
1, Wherein the holloW plastic body (1) is made of a cycloole 
?n polymer or copolymer. 

9. The pharmaceutical packing device as de?ned in claim 
1, further comprising said stopper (4) slidably mounted in 
said cylindrical portion (7) of said holloW plastic body (1) to 
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slide on said lubricant layer (3) so as to act as a piston for 
dispensing a composition contained in said pharmaceutical 
packing device. 

10. A method of making a pharmaceutical packing device 
comprising an extended holloW plastic body (1) having an 
axial length (1) and a cylindrical portion (7) extending over 
at least a part of said axial length of said plastic body (1) and 
an interior silicone lubricant layer (3) provided in said 
cylindrical portion (7); Wherein said holloW plastic body (1) 
is formed so as to be tightly closed by means of a stopper (4), 
and said silicone lubricant layer comprises a mixture of a 
reactive silicone oil With a non-reactive silicone oil; said 
method comprising the steps of: 

a) forming the holloW plastic body; 

b) preparing said mixture of the reactive silicone oil With 
the non-reactive silicone oil; 

c) applying said mixture of the silicone oils to an interior 
Wall of the holloW plastic body in the cylindrical 
portion of the holloW plastic body to form a preliminary 
layer; 

d) cross-linking said silicone oils in the preliminary layer 
to form the lubricant layer; and 

e) processing the holloW plastic body provided With the 
lubricant layer according to speci?c requirements of 
individual applications. 

11. The method as de?ned in claim 10, Wherein the 
preliminary layer is provided over the entire length of the 
cylindrical portion during the applying. 

12. The method as de?ned in claim 10, Wherein the 
preliminary layer is provided over only a portion of the 
entire length of the cylindrical portion during the applying 
so as to leave an end section of the cylindrical portion 
uncoated. 

13. The method as de?ned in claim 10, Wherein the 
preliminary layer is provided over only a portion of the 
entire length of the cylindrical portion during the applying 
so as to leave tWo end sections of the cylindrical portion 
uncoated. 

14. The method as de?ned in claim 10, Wherein said 
mixture of said silicone oils is applied to the interior Wall of 
the holloW plastic body immediately after formation of the 
holloW plastic body When said holloW plastic body is still 
Warm during the applying. 

15. The method as de?ned in claim 14, Wherein said 
holloW plastic body has a temperature over 40°C. during the 
applying. 


