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ANTIBIOTIC-CONTAINING  COMPOSITION (71)   We,   MERCK  PATENT  GESELL-   In
addition, it has been shown that the SCHAFr MIT BESCHRANKTER HAFrUNG, of
liberation of the antibiotic from the syn- 50 250, Frankfurter Strasse, 61
Darmstadt,  thetic resin particles does not. take place in Federal Republic
of Germany, a Joint-Stock  an optimum manner and can vary from one 5
Company organised under the laws of the  batch to another. Furthermore, in
the case Federal Republic of Germany, do hereby' of some production
processes for such syn- declare the invention, for which we pray  thetic
resin particles, sometimes tempera- 55 that a patent may be granted to us,
and the  tures can be reached in which some. of the method by which it is
to be performed, to  antibiotic can be decomposed, this mount 10 be
particularly described in and by the fol- then no longer being available
for thera- lowing statement: -                     peutic purposes. The
present invention is concerned with   It is an object of the present
invention to  60 an antibiotic-containing composition and  provide an
antibiotic-containing composition with the use thereof as a surgical
synthetic  of synthetic resin particles from which the-- 15 resin material.
antibiotic can be liberated in an optimum It is known that antibiotics
especially  manner without a danger of damage due to gentamycin, areslowly
liberated from syn-  added materials.                    65 thetic resins
based on  polymethacrylates    According to the present' invention, this
and/or polyacrylates. A sharp initial drop  object is achieved when the
antibiotic-con- 20 in concentration, due to the liberation of taining
synthetic resin particles additionally the antibiotic from the outermost
layers of  contain at least one amino acid. the synthetic resin, is
followed by an almost   Thus, according to the present invention, 70
constant rate of liberation which, however,  there is provided an
antibiotic-containing decreases slowly over a long period of time.
composition comprising synthetic resin par- 25 These antibiotic-containing
synthetic resins  tides based on' polymethacrylates and/or have hitherto
been used as bone cements  polyacrylates and containing at least one for
fixing endoprostheses, for example total antibiotic, together with at least
one amino 75 hip endoprostheses, or in the case of chang- acid. ing
infected endoprostheses. For combating    The present invention also
provides a pro- 30 infection and for prophylaxis, the antibiotic  cess for
the improved liberation of antibio- is added before complete polymerisation
of  tics from  antibiotic-containing  synthetic the synthetic resin.
Furthermore, it is known  resin particles based on polymethacrylates 80
that synthetic resin particles in the form of  and/or polyacrylates,
wherein 0.3 to 5% by a granulate or of small spheroids with a  weight of at
least one amino acid, referred 35 particle diameter of 1 to 20 mm. are
especi-  to the synthetic resin, is added to the syn- ally suitable as
carrier materials for anti-  thetic resin. biotics for this purpose.
When using the composition for the pro- 85 Furthermore, it is known from
German  duction of bone cements, especially for Patent Specification No.
2,511,122 that an  endoprostheses, as well. as of implantable 40 antibiotic
can be liberated from bone cement  formed bodies, it is advantageous to
start in comparatively high concentration when  from  a pearl polymer of
synthetic resin the bone cement additionally contains sodium  particles
with particle diameters of < 30 [err]    90 chloride, potassium chloride,
sodium brom-  This pearl polymer can also be used for the ide and/or
potassium bromide.          production of synthetic resin particles with 45
. However, the use of these additional ma-  a particle diameter of 1 to 20
mm.; if de- terials can cause problems since they have  sired, the
individual particles can be con- a cell-damaging effect and, therefore, are
not  neted together, at least 'in part, with the 95 to be used in surgery.
help of filaments' or wires.   



1,560,017                                      2 Surprisingly, the
liberation of the anti-  or in damaged tissues in cases of compound biotic
from  the antibiotic-containing syn- bone fractures such  as frequently
occur as thetic resin particles  is substantially   im-  a result of
accidents, with the object of proved in the presence of amino acids, i.e.
temporarily filling a potentially infected' 5 independently of the
particular batch, a  wound' with contaminated skin closure. It is 70
continuous slowly decreasing liberation of thus possible to apply
antibiotics locally in the antibiotic taking place over a  compara-   depot
form, i.e. directly to the infected or tively long peri6d of time. Even a
low' con-  endangered places. In addition, the appli- 'centration of these
physiologically compat-  cation can be broken off as desired and can 10
ible  amino acids has this effect, and, in  also be repeated in any desired
manner. In  75 contradistinction to die added materials  the case of
comparatively large wounds, it known from the prior art, a cell-damaging
is especially simple to introduce particles action does not occur.
Furthermore, we have, which are connected together since then all
surprisingly, found that the stability of the  the particles can be readily
removed again, 15 bone cement is practically unimpaired by  for example by
pulling on. one end of the  80 the addition of amino acids. Insofar as the
filament. composition according to the present inven-    A further
important field of use is in bone tion  is produced in the form of
particles, surgery, especially in the treatnient of post- which preferably
have diameters of 1 to 20  traumatic osteomyelitis.  The composition is 20
mm:, for example by injection moulding, suitable for filling osteomyelitic
cavities. 85 the working temperatures which are thereby  Surprisingly,
connective tissue grows into the necessary can  be   considerably reduced
so  interstices between the synthetic resin par- that, having  regard to
the antibiotic, a de- ticles. Thus, in spite of infection, the mater-
sirably  gentle working up is possible.  ial is incorporated  as in an
aseptic med- 25   As addition to the antibiotic containing  ium. The
composition can also be used  90 composition according to the present in-
for the provision of  an aseptic transplant ventibn,  there can, in
principle, be used all site for a possible subsequent introduction
naturally-occurring and physiologically com-  of spongiosa from the
patient's own body. patible amino acids. ' Especially good re-  The
composition 'can. also be used for the 30 sults are achieved with amino
acids which  open filling of osteomyelitic cavities when: a  95 have  a
water-solubility of about 1 g./100  primary skin closure is not possible.
The ml.; It is preferred to use aliphatic mono-  uppermost layer of the
particles can be aminomonocarboxylic acids containing up  subsequently
removed and the underlying to 5 carbon atoms, for example  glycine,
particles are already substantially envel- 35 alanine, threonine, valine,
serine, hydroxy- oped by connective tissue so that a skin 100 proline,. and
proline. Of these amino acids, transplant is possible. glycine and alanine
are preferred and glyc-  ' The' composition according to the present ine is
especially preferred.  The composi-  invention can, in particular, also be
used for tion according to the present invention can  anchoring joint
endoprostheses, for the  firm 40 contain one amino acid or a mixture of
sev- bonding of bones, for cementing in implants 105 eral amino acids.
and similar surgical procedures. However, The amount of amino acid or acids
to be  it can also be used in the form of implant- added- can be varied
within a wide range  able formed bodies, complete hardening the content
depending, at least in part, upon  taking place inside or outside the body.
45 the solubility of the amino acid or acids    Synthetic  materials for
surgical pur- 110 employed. In general; an addition of 0.3 to  poses based
on polymethacrylates and/or 5% by weight of amino acid or acids, re-
polyacrylates are, in principle, known. Thus, ferred to the polymer, is
preferred and in the  for example, a bone cement is known which, case of,
for example, glycine, an addition of  in  a' standard  packing, comprises
two 50 about 1% by weight has proved to be es- packs, each containing about
40 g. of 115 pecially advantageous.                   powder, and 2
ampoules, each containing The composition according to the present 20 ml.
of liquid. The powder is a fine pearl invention preferably contains
essentially a  polymer (particle diameter <3O[err]) of a copolymer of '
methyl . methacrylate and  methyl methacrylate-methyl acrylate co- 55
methyl acrylate.  As- antibiotic, the composi-  polymer. As catalyst, there
is added to the 120 tion  preferably contains gentamycin.  Ac- powder about
0.5 dibenzoyl peroxide. For cording  to  an  especially  advantageous
identification of the material, traces of embodiment of the present
invention, the in- chlorophyl can be polymerised in during dividual
particles are connected together, at  the production thereof. As X-ray
contrast   - 60 least partially, by the help of filaments or agent, the
powder can also contain, 'for ex- 125 



wires. '                  '             ample, zirconium  dioxide. The
associated The composition according to' the present liquid consists of
monomeric methyl meth- invention are especially suitable for the pre-
acrylate to which  is added about 0.7%  di- vention of infection in heavily
contamin-  methyl-p-toluidine 'as accelerator, as well as 65 ated and
extensive wounds in soft 'tissues  traces of hydroquinone  as stabiliser.
As a 130    3                                        1,560,017 rule, this
liquid is also coloured with  after removal of a bone pin because of traces
of chlorophyll for identification pur-  marrow cavity phlegmons. poses. The
powder, which is packed into    For the production of the composition
polyethylene packs, can be sterilised with  according to the present
invention, at least 5  ethylene oxide. . The liquid can be steril-  one
antibiotic and at least one amino acid  70 ised  by  filtration  and
filled  into  glass  is incorporated into the synthetic resin. ampoules.
This can take place by introducing both Upon mixing together 2 parts by
weight :components into the synthetic resin before of powder with 1 part by
weight of liquid,  complete hardening. or  by intensively mix- '10  the
dibenzoyl peroxide reacts with the di-  ing an already polymerised product,
for ex- 75 methyl-p-toluidine in the liquid, radical ample, a pearl
polymer; which- possibly con- polymerisation thereby being initiated. The
tains. one of the components, with the or mixture is so adjusted that it
can be used  the still missing components and subse- after only about 1
minute in the form of a  quently carrying out the desired forming. In 15
paste. This paste remains kneadable 'for  principle, all antibiotics can be
used which  80 about 4 minutes and then begins to harden, are not damaged
at the temperatures which with the evolution of heat.  After 6 min-  occur
during polymerisation or  sintering utes, the polymerisation  is
substantially  and which are liberated from the synthetic complete.
During the elastic phase, the  resin in the desired manner. 20 paste is,
when used as bone cement or bone    Furthermore, the antibiotics should  be
85 putty, brought together with the parts to  chemically  stable towards
the  synthetic .be connected and, as a rule, there hardens  resin employed.
Their spectrum of activity out.. However, the forming and the harden-  is
to  include .. gram-positive and  gram- ing can also take place outside of
the body, negative  micro-organisms  or  preferably 25 the formed parts
then being introduced into  both groups of micro-organisms. If possible,
:90 the body during or after hardening.       the microorganisms should
have a retarded The synthetic resin which can be used  resistance
development with regard .'to the for the present invention can, however,
also  antibiotics employed. From the large num- be .available in already
completely poly-  ber of antibiotics which can be used, there 30 merised
form. It is preferably employed. in  may be mentioned, by way of example,
95 the form of a pearl polymer for the pro- erythromycin, lincomycin,
clindamycin, novo- duction of the composition according to the  biocin,
vancomycin, fusidic acid, rifamycin, present invention.
polymyxins, neomycin, kanamycin, tobra- . The particle diameter is
preferably from   mycin and, in particular, gentamycin. Peni- 35. '1 to 20
mm. and more preferably from 7  cillins and.cephalosporins can also be
used. 100 to 10 mm.  The granulate or the material  Because of their broad
antibacterial spec- in the form of spheroids can be produced  trum  and
their heat stability, the amino- not only directly before the operation but
glycoside antibiotics are  especially  pre- can also be obtained in
finished form.  Of ferred. '40  course, care must always be taken to en-
Gentamycin, for example, is an amino- 105 sure sterility. According to a
special em-  glycoside antibiotic which acts preponder- bodiment of the
present invention, the par-  antly bactericidally against gram-positive but
tiles are connected together with filaments especially against
gram-negative micro- or wires. This can take place, for example, organisms
However, all these micro-organ- 45 in such a manner that. the material,
while it isms can sustain a chronic osteomyelitis so 110 is still in a
formable state, is strung like  that this antibiotic has already been used
pearls on to a filament or wire or a filament in the case of osteomyelitis,
with utilisation or wire is passed into the material. The fila-  of its
local and systemic action. According to ment used can be. any desired
surgical the present invention, by the addition of 50  stitching material
or can also be a high  proved liberation of gentamycin particularly, 115
alloy steel. wire,: such as is used in bone  amino acids, there is achieved
an im- surgery.  A composition according to the  proved liberation of
gentamycin particularly, present invention in this form has the ad-  from
synthetic resins based upon poly- 



vantage that it is simple to handle during  methacrylates and/or
polyacrylates.   The 55. an operation and, in. the case of a re- very good
water-solubility of this antibiotic 120 operation, can readily be removed
again. acts, especially in the presence of an amino An initially only
temporary filling in the case  acid, such as glycine, apparently very fav-
of first aid is also possible in this manner.  ourably on the diffusion
from  the syn- The wires used are also X-ray contrast-  thetic resin. After
an initial drop of con- '60  able. In this way, for example, a possibly
centration, the good diffusability permits an 125 desired removal of the
particles from envel-  almost constant rate of liberation which oping
connective tissue is made simpler, the  decreases only slowly over an
extraordin- temporary introduction of the composition arily long period of
time. In this manner, according to the present invention into a
'sufficient protection. is ensured even after 65  marrow cavity is also
possible, for example,' several months. This is a great advantage in 130
comparison with the previously used treat- plastic paste obtained is
introduced into the ment in which the liberated amount of anti- body and
formed in the desired manner. A biotic varies more or less greatly.
Further-  formed body can also be produced from more, due to the nature of
the added ma-       the one cement which can then be im- 5  terial , tissue
cell damage is avoided.         planted into the body. Ainrg er possibil-
70 'Neitth co e procedure of polymetpationr     ity is carefully to fill
the wound caity wath or sinteing o nor' the physical propertiess-es  the
composition according to the invention the synthetic resin material are to
iaruence    or to introduce the spheroids present ron 1nfavourably thel
effectiveness of the anti-    filaments or wires. Due to the dimension- 10
biotic    on  f h                                ing of thi particles, an
optimum filling of the -. The composition according to the present
cavities is possible. The composition accord- invetion calso possesses -the
adva ntage that    ing to the present invention has proved to 20he
synthetic resin is completely hardened      be  outstandingly useful in
numerousopera8 before ingroductionptinton the  body.  Thusm      tions. .15
ahere no longeratcciss'o the abonet issko     When used for  the  treatment
of osteo- the evolution of heat upon Complete py-            myelitis, a
very rapid overcoming of the merisation which means that the  operation
putrescent  secretion is  observed   Open can be carried out under milder
conditions.      cavities filled with the composition accord- In the case
of extracorporeally hardened.        ing to the present invention' apear to
be 25 synthetic resins, the danger can be reduced      completely free of
irritation and shown no -85 that, during' the operation, residual  mono-
inflammatory phenomena. As an  expression mers are liberated so  that a
potential risk            of  the freedom from infection, the particles
with regard to the heart circulatory system        are slowly enveloped by
connective tissue. does not arise.
Furthermore the position  of the particles 25   The amount of  antibiotic
to be added can           can be very easily monitored since the syn-  90
be varied  within  wide limits and. depends           thetic particles can
be clearly 'recognized on essentially upon the activity. of the anti-
an X-ray picture. biotic.  -In general, the. amount of anti-
The following Examples are given for the biotic added is 0.2 to 15% by'
weight, re-           purpose of illustrating the present the present
inven- 30 ferred to the polymer. In the case of genta.          tion:-
mycin, for example,additions of from 1 to 4% , by weight, calculated as
gentamycin             EXAMPLE 1. base, have proved to' be especially
useful.   40 g. of a sterile, fine pearl polymer (par- The other
antibiotics are preferably also  ticle diameter <30[err]), consisting of a
co- 35  used in amounts of adequate antimicrob  polymer  of  methyl
methacrylate  and 100 ial activity.  .                        methyl
acrylate, which additionally con- To the available commercial packs  with
tain 0.5%  dibenzoyl peroxide, traces of not yet fully polymerised
synthetic resin, chlorophyll and 15% zirconium dioxide as there can be
added, for example, 0.5 to 1 X-ray contrast agent, are' well mixed with 40
g. gentamycin for about 60 g polymer (40  0.5 g. gentamycin sulphate and
0.4 g. glyc- 105 g. powder and 20 ml. liquid).  However  ine. The powder
obtained is then mixed other antibiotic additions or 'mixtures of with 20
ml. of a liquid which consists of antibiotics can also be selected. Thus,
for monomeric' methyl methacrylate with an example, a substantially higher
addition can  addition of about 0.7% dimethyl p-toludine 45 be made when a
comparatively small cavity  and about 0.006% hydroquinone. From the 110 is
to be filled but, nevertheless, a particu- paste obtained after thorough
mixing up. larly effective dose of the antibiotic is to be there are formed
spheroids with a diameter 



introduced. In the case of a change of the  of about 7 mm. After about 6
minutes,  the cause of infection or of resistance to the in- particles are
hardened.. A sterilisation, for 50 corporated  antibiotic,  the
composition  example by gassing with ethylene oxide, 115 according to  the
present invention can  eas- can, if ' desired, follow. The spheroids can
ily be removed and possibly replaced by  then be used for the prevention of
infection another one containing one or more differ- in wounds in soft
tissue or zones of destruo- ent antibiotics.                      tion in
the case of compound fractures or 55   The composition according to the
present also for filling osteomyelitis cavities.  120 invention is
preferably used for the preven- tion of infection on boundary surfaces be-
EXAMPLE 2. tween bone cement and  bone or endopros-   In a manner analogous
to that described thesis and tissue, in wounds in soft tissues in Example
1, spheroids are formed with a 60 or in compound fractures, as well as for
diameter of about 7 to 10 mm. To 60 g of 125 the treatment' of chronic
osteomyelitis. polymer there are added 1 g. gentamycin When  carrying  out
the  operation, the  sulphate and 0.6 g. glycinie. Before complete powdered
pearl polymer, which  contains hardening,  the  particles  obtained  are
the antibiotic and the ainino acid, is mixed  strung, at a distance apart
of about 2 mm. 65 with the monomer-containing liquid. The  like pearls' on
a filament (surgical high-  130    5
1.560.017                                      5 alloy steel) with a
diameter of about 0.1    3. A composition according to claim 1 45 mm. ' The
spheroids are then allowed to  or 2, wherein the content of amino acid is
harden in this state. In the case of use,  from 0.3 to 5% by weight,
referred to the the "string of pearls" can be cut off in any  polymers. 5
desired length.                             4. A composition according to
claim 3, wherein, when the amino acid is glycine, the 50 EXAMPLE 3.
content thereof is about 1% by weight, re- 40 g. of.a sterile fine pearl
polymer (par-  ferred to the polymers. ticle diameter <30,). consisting of
a copoly-    5. A composition according to any of 10 mer of methyl
methacrylate and methyl  the preceding claims, wherein the antibiotic
acrylate, which contains about 15%  zir-  is gentamycin.
55 conium dioxide as X-ray contrast agent, are    6. A composition
according to any of well mixed with 0.5 g. gentamycin sulphate  the
preceding claims, wherein the particles and 0.4 glycine.  The powder
obtained is  have a diameter of from I to 20 mm. 15 sintered in an
appropriate apparatus and    7. A composition according to claim 6, formed
into appropriate shapes (preferably  wherein the particles have a diameter
of 60 by injection moulding). The incorporation  from 7 to 10 mm. of
filaments or wires can hereby take place    8. A composition according to
any of at the same time. If desired. sterilisation.  the preceding claims,
wherein the indivi- 20 for example by gassing with ethylene oxide,  dual
particles are connected together at can follow. The spheroids can then be
used  least partially with the help of filaments or 65 for the prevention
of infection in wounds in  wires. soft tissues or zones of destruction in
the    9. An antibiotic-containing composition case of compound fractures
also for filling  according to claim 1. substantially as herein- 25
osteomyelitic cavities.                   before described and exemplified.
10. Process for the improved liberation  70 EXAMPLE 4.
of antibiotics  from  antibiotic-containing In a manner analogous to that
described  synthetic resin particles based on poly- in Example 1, a paste
is produced from the  methacrylates and/or polyacrylates, where- 30 given
components. This paste is employed  in 0.3 to 5% by weight of at least one
amino in conventional manner as a bone cement  acid. referred to the
synthetic resin, is 75 for fixing endoprostheses in hip joint opera-  added
to the synthetic resin. tions.                                     II.
Process according to claim 10 for the improved liberation of antibiotics
from 35   WHAT WE CLAIM IS:-                      antibiotic-containing
synthetic resin particles, 1. An antibiotic-containing composition
substantially as hereinbefore described and  80 comprising synthetic resin
particles based  exemplified. upon polymethacrylates and/or polyacrylates
and containing at least one antibiotic, to-    VENNER. SHIPLEY & CO., 40
gether with at least one amino acid.              Charter  Patent Agents, 



2. A composition according to claim  1.            Rugby Chambers, wherein
the amino acid is glycine, alanine.           2, Rugby Street, threonine,
valine, seine, hydroxy-proline          London. WCIN 3QU. and/or proline.
Agents for the Applicants. Printed for Her Majesty's Stationery Office by
Burgess & Son (Abingdon), Ltd.-1980. Published at The Patent Office, 25
Southampton Buildings, London, WC2A 1AY from which copies may be obtained.
5                            1,560,017                             5 alloy
steel) with a diameter of about 0.1   3. A composition according to claim 1
45 mm.  The spheroids are then allowed to  or 2, wherein the content of
amino acid is harden in this state. In the case of use, from 0.3 to 5% by
weight, referred to the the "string of pearls" can be cut off in any
polymers. 5 desired length.                            4. A composition
according to claim 3, wherein, when the amino acid is glycine, the 50
EXAMPLE 3.                              content thereof is about 1% by
weight, re- 40 g. of a sterile fine pearl polymer (par-  ferred to the
polymers. tide diameter <30[err]), consisting of a copoly-    5. A
composition according to any of 10 mer of methyl methacrylate and methyl
the preceding claims, wherein the antibiotic acrylate, which contains about
15%  zir-  is gentamycin.                         55 conium dioxide as
X-ray contrast agent, are    6. A composition according to any of well
mixed with 0.5 g. gentamycin sulphate  the preceding claims, wherein the
particles and 0.4 glycine.  The powder obtained is  have a diameter of from
1 to 20 mm. 15 sintered in an appropriate apparatus and    7. A composition
according to claim 6. formed into appropriate shapes (preferably  wherein
the particles have a diameter of 60 by injection moulding). The
incorporation  from 7 to 10 mm. of filaments or wires can hereby take place
8. A composition according to any of at the same time. If desired,
sterilisation, the preceding claims, wherein the indivi- 20 for example by
gassing with ethylene oxide,  dual particles are connected together at can
follow. The spheroids can then be used  least partially with the help of
filaments or 65 for the prevention of infection in wounds in  wires. soft
tissues or zones of destruction in the    9. An antibiotic-containing
composition case of compound fractures also for filling  according to claim
1, substantially as herein- 25 osteomyelitic cavities.
before described and exemplified. 10. Process for the improved liberation
70 EXAMPLE 4.                               of antibiotics  from
antibiotic-containing In a manner analogous to that described  synthetic
resin particles based on poly- in Example 1, a paste is produced from the
methacrylates and/or polyacrylates, where- 30 given components. This paste
is employed  in 0.3 to 5% by weight of at least one amino in conventional
manner as a bone cement  acid, referred to the synthetic resin, is 75 for
fixing endoprostheses in hip joint opera-  added to the synthetic resin.
tions.                                    11. Process according to claim 10
for the improved liberation of antibiotics from 35   WHAT WE CLAIM IS: -
antibiotic-containing synthetic resin particles, 1. An
antibiotic-containing composition  substantially as hereinbefore described
and  80 comprising synthetic resin particles based  exemplified. upon
polymethacrylates and/or polyacrylates and containing at least one
antibiotic, to-   VENNER, SHIPLEY & CO., 40 gether with at least one amino
acid.              Chartered Patent Agents, 2. A composition according to
claim 1,            Rugby Chambers, wherein the amino acid is glycine,
alanine,          2, Rugby Street. threonine, valine, serine,
hydroxy-proline        London, WC1N 3QU. and/or proline.
Agents for the Applicants. Printed for Her Majesty's Stationery Office by
Burgess & Son (Abingdon), Ltd.-1980. Published at The Patent Office, 25
Southampton Buildings, London, WC2A 1AY from which copies may be obtained.


