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EFFECT OF SOME METAL B-DIKETONATES ON THE
BACTERICIDAL ACTIVITY OF POLYMER FILMS AGAINST
GRAM-POSITIVE MICROORGANISMS

It is shown that the B-diketonates inclusion in polystyrene and polymethylmethacrylate
films through covalent binding allows obtaining polymeric materials with high bactericidal
activity against gram-positive bacteria S. aureus and M. luteus. Thereat, the nature and
quantity of the introduced metal and the polymer matrix play an important role.
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In the past decade, the synthesis of new polymeric biocides is a top trend in the
polymer chemistry for special purposes. Metal containing polymer materials have
a special place among of polymeric biocides. As a biocide fragments of compounds
containing toxic metals, for example Hg, Pb, Sn, As, were used firstly [1-2]. Currently
the possibility for the application of metals with lesser toxic effects — Ag, Zn, Cu, etc.
is studied [3-6]. An important way to reduce the toxicity of the metal components of
the biocides is to obtain polymers in which the metal is bonded to the macromolecule
through the chemical bond and metal is not released during operation. This trend is the
most promising.

Previously, authors studied the antibacterial properties of polystyrene with the
B-diketonates fragments of certain metals against gram-positive microorganisms
Paeruginosa and E.coli [7]. A significant effect of the metal nature as well as the macro
chain nature and structure on bactericidal properties was demonstrated.

A continuation of above mentioned research is given work aimed at the study of
polystyrene and polymethylmethacrylate containing chain B-diketonates of silver (I),
cobalt (II)), (IIT) and copper (II), covalently bonded to the macromolecule, the bactericidal
activity of polymer coatings against the gram-positive microorganisms S.aureus and
M. luteus.

Materials and research methods

Vinyl-B-diketone 5-methyl-5-hexene-2,4-dione (MHD) was prepared as in [§],
and its cobalt complex (MHD-Co (II)), according to [9]. Metal — containing polymers
based on polystyrene (PS) and polymethylmethacrylate (PMMA) were synthesized by
several methods (for details: see Table 1.). Before use, they were subjected to two-fold
reprecipitation from benzene solution in cold ethanol. They were air dried to constant weight.

The metal content in the polymer was determined by atomic absorption
spectrophotometer “Saturn”. Sample of the polymer (0.05-0.10 g) was preliminary
dissolved at the heating on a sand bath in 25-30 ml mixture of concentrated nitric and
perchloric acid (5:3). The resulting solution was diluted to 10 ml with distilled water.

© 0. V. Shevchenko, O. Yu. Zinchenko, I. S. Voloshanovsky, K. V. Burenkova, 2012 43



O. V. Shevchenko, O. Yu. Zinchenko, 1. S. Voloshanovsky, K. V. Burenkova

Standard solutions containing 0,5; 1,0; 2,0; 5,0; 10,0 mg / ml of metal were prepared
through the subsequent dilution in 2-10 times of initial standard sample ((GSORM —
Co, Cu, Ag) produced by Special Design Technological Bureau A.V. Bogatsky at the
Physico-Chemical Institute of the National Academy of Sciences of Ukraine, Odessa)
with a 1 mg/ml concentration of the corresponding metal. To prevent the possibility
of errors due to the influence of mineral acids (nitric and perchloric) their content was
balanced in the analyzed and standard solutions.

To study the bactericidal activity of samples the polymer films on the surface of
standard slides were prepared from these samples. For this purpose the metal polymers
were dissolved in toluene (~ 3%) and applied on a glass surface. Then samples were
dried under an infrared lamp.

Determination of bactericidal properties of polymer coatings was performed as
follows. The test samples were applied on the surface of standard slides, and then they
were putted in a Petri dish and sterilized in dessicator. A cell suspensions of Escherichia
coli, Pseudomonas aeruginosa provided by the Museum of Microorganism Cultures at the
L.V. Gromashevsky Institute of Epidemiology and Infectious Diseases of the Academy
of Medicinal Sciences of Ukraine were used as test objects. Preservation of the test-dies
was performed on the surface of the die sloping plain agar (SPA) at 4°C. 24 hour cultures
grown in test-tubes on at 37°C were used in research. Cultures of the test microorganisms
grown in test-tubes on the SPA were washed with sterile saline. The concentration of
the resulting suspension was determined using a calibration curve; optical density was
measured with a spectrophotometer “Spekol-10” (Germany). The cell suspension was
diluted with saline to a concentration of 5-10° cells / ml and was applied in an sterile
plate with a test samples in Petri dishes. Plates were kept for 30 minutes, then they were
filled with aseptic (MPA). Dishes with the samples were incubated in a thermostat at
37°C during 24 hours. Whereupon the number of colony forming units (CFU) in the
control and test samples were counted.

Results and discussion

The samples of polymers containing fragments of MHD-M (M=Ag (I), Co (II), Co
(I1I), Cu(II)) were obtained by different routes (Table 1).

Samples 2, 10 — are PS (sample 2) and PMMA (sample 10) containing chain
fragments MHD — Co (II). They were obtained via the radical polymerization of the
corresponding vinyl monomers in the presence of MHD — Co (II), which is both the
initiator and comonomer in given process (Fig. 1) [10].
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5-Methyl-5-hexene-2,4-dionate of cobalt (II)
(MHD-Co(IT))

AN — Chain PS or PMMA
Fig.1. Scheme of the metal-containing synthesis via the copolymerization method
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Metal-content in such samples is relatively low. This is due to the limited solubility of
MHD-Co (II) in the monomers as well as due to the presence of certain limit concentration
(~ 1:102 mol/1), above which MHD — Co (II) behaves itself as an inhibitor of the radical
polymerization [11].

Table 1
Method, the conditions for obtaining of polymers samples and metal content in these samples
Sa;ﬂple pl(:/l[)efrtr?::r mgjgf’% Method of obtaining Conditions
1 PS B Radical polymerization in Initiator — PB. T= 85°C.
mass C,=5-10" mol/l
Initiator — MHD-Co(1I).
2 PS -Co(1l) | 0,19 The same

C.=5:10° mol/l. T=85°C

Complexation of M 3009 co o 0-031 &
3 PS -Co(Il) | 0,92 | polymeric ligand with a
metal salt T=25°C
m(CH3COO)2Co-4HZO:0’O31 g
4 PS -Co(Ill) | 0,53 The same
m,,= 0,200 g. T=50°C
m(CH3COO)2Cu-2HZO:0’025 g.
5 PS-Cu(I) | 1,90 The same
T=25°C
6 PS-Ag() | 1,57 The same m, o3 =0,063 g. T=25°C
Grafted radical Initiator — sample 6.
7 |PS -?Sg(l)- 0,02 | polymerization of styrene
on the sample 6 C, = 0,2 mas.%. T=70°C
Grafted radical
PS -Ag(D)- o
8 PMMA 0,05 | polymerization of MMA The same

on the sample 6

Radical polymerization in Initiator — PB. T= 70°C.

o | PMMA | - mass C,= 10-10° mol/l
. T Solvent — methylethylketon.
10 P(l\:/%[g' 023 | Radical ps‘:)lﬁl Renatlon i | mitiator — MHD-Co(Il)
C.=5-10" mol/l. T= 70°C.
11 Control - - The surface of the glass plate

Two samples 1 and 9 — are the PS and PMMA respectively, obtained at the initiation of
benzene by peroxide (PB). They contain no metal and were used as a reference samples,
as well as to evaluate the effect of the polymer matrix on the bactericidal properties.
Sample 11 was a clean glass plate and served as the control one.

Samples 3-6 are PS containing chain fragments MHD-M (M = Co (1I), Co (III),
Cu (II), Ag (I)). These samples were obtained through the method of complexation.
Schematically, the process is depicted in Figure 2. First, the polymer ligand (Stage I,
Figure 2) was obtained at 80 °C through the styrene radical copolymerization with MHD
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(monomer ratio was 30:1, w/w %) in the presence of PB as an initiator (C,,=1-10~
mol/l). Then polymer metal complexes (Stage II, Figure 2) were obtained through
the complexation of this macroligand (1% solution in dioxane) with the salt of the
corresponding metal. The use of this method has allowed to increase (in 5-10 fold) the
metal content in the polymers.

Stage I - obtaining of polymer ligand

g
n HZC:C_ﬁ_CH:$_CH3 m ..r\wvvwvvwvw| |
PB, t°
OH MHD MHD MHD

5-Methyl-5-hexen-2,4-dion (MHD)

Stage II - complexation
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| l |+ MY | |
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Mn+ _ C02+, C03+’ Cu2+, Ag+ M/n M/" M/n

Fig. 2. Scheme the metal-containg synthesis via the method the complexation method.

Samples 7 and 8 were obtained through the grafting of styrene radical polymerization
and MMA, respectively, on silver containing polymer (sample 6), which was taken as a
macroinitiator (Fig. 3). Due to the method of obtaining, these polymers have the grafted
side chains and are branched molecules by structure that differ them from the initial
macroinitiator, however the metal content is low, that is due to the significant increase in
weight of either grafted PS or PMMA.

VW AN Vinyl VU NN, ANNNNNNNNNNNNS
| monomer |
MHD MHD MHD ——» MHD MHD MHD
tO
g g g g )\g g

: :

Fig. 3. Scheme for the synthesis of metal polymers with the branched structure

The bactericidal properties of polymer films relatively to the gram-positive bacteria
S. aureus and M. luteus are given in the Table 2.

The features observed for S. aureus are considered first. As can be seen from the
data of the Table 2, metal-free matrix PS and PMMA themselves have a low bactericidal
activity as compared to the control. In this case, PMMA has a little higher activity as
compared to the PC. This is confirmed by the results of the comparison of samples 2, 10,
which were obtained by the same method, they have close content of cobalt and differ
only by the nature of the polymer matrix.
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The data in the Table 2, indicate that the nature of metal in the polystyrene strongly
influences its bactericidal activity against S.aureus. Polystyrene with B-diketonate copper
fragments (sample 5) has the highest bactericidal activity. It is in 34 times more active
than the metal-free PC and in 46 times higher than the control sample.

Table 2
Bactericidal properties of metal polymer films relatively to the gram-positive
bacteria S. aureus and M. luteus

Staphylococcus aureus Micrococcus luteus
Sample | Number of colony diaﬁ‘:&;’zﬂm Number of colony diaﬁzl&'gnm
forming units (CFU) forming units (CFU)
1 340+18 1-3 130£10 1-2
2 260+8 1-4 250+21 1-2
3 200£11 2-3 130+14 1-2
4 230+14 1-3 130£10 1-2
5 10+2 2-3 130+24 1-2
6 45+5 1-2 100£8 1-2
7 450+12 2-3 160+£26 1-2
8 300+26 1-2 20+4 1-2
9 250429 2-3 120+11 1-2
10 120+13 1-2 40+9 1-2
11 460+47 2-3 265+17 2-3

The sample 6, containing silver, demonstrates quite good bactericide ability as well.
It is in 8 times more active than the PS containing no metal. However, the reduction of
silver content in the polymer as a result of grafting (samples 7, 8) dramatically decreases
its bactericidal properties. Cobalt macrocomplexes though they have a somewhat higher
activity than the reference samples, but in comparison with polymers containing the
copper- and silver- their bactericidal activity can not be referred as a high. Thus, as can
be seen from the Table 2, method of obtaining as well as the metal valence in practice
does not affect the number of CFU.

In the case of M.luteus as for S.aureus and PS, and PMMA matrix have a weak
bactericidal activity, but in 2 times higher than the control sample. However, the influence
of the matrix associated with of B-diketonates fragments for M.luteus is manifested in
an interesting way.

If the inclusion of the metal atoms in PS-film, irrespective of their nature and
quantity, has almost no effect on their antibacterial properties, then for PMMA pattern it
is completely different. Inclusion of MHD-M fragments into the PMMA chain increases
bactericidal activity of polymer films essentially. Thus for PMMA containing just only
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0,23 wt.% of Cobalt (sample 9), it bactericidal activity is increased in 3 times as compared
to the metal-free PMMA.

The fact that it is namely the combination of PMMA-M leads to the improved
bactericidal activity and the fact that polystyrene (sample 6), containing 1,57 wt.% of
silver has CFU =100, which is slightly different from the reference sample (CFU = 130).
Grafting of PMMA to this sample leads to a drastic reduction in the amount of silver in
the polymer (0,05 wt.%), but it increases significantly its bactericidal activity. It is in
5 times higher than the initial macroinitiator (sample 6) and in 8 times higher than the
same amount for the sample 7, which is grafted by PS.

Our studies allow to suggest, that varying the nature and quantity of the metal as well
as the nature of the polymer matrix, which is bonded to metal chelates, then universal
polymeric materials, possessing bactericidal action against several microorganisms,
could be obtained. Another way for the creation of such materials is combination of
several metal complexes used for immobilization. For example, to obtain coating with
high bactericidal activity against to both microorganisms studied in given report, then
it could be the PMMA film, containing both copper and silver B-diketonates in its
composition. These assumptions need to be clarified in this research direction and, above
all, the development of approaches to the synthesis of heterometallic polymer materials
is necessary.
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BIIJINB B-JMKETOHATIB JIEAKNX METAJIIB HA
BAKTEPUTIUHY AKTUBHICTD ITOJIIMEPHUX IIJIIBOK I10
BIJHOINEHHIO 1O 'PAMIIOSUTHBHNX MIKPOOPI'AHISMIB

Pesiome

[lokazaHo, 110 BBeAEHHSI [-IUKETOHATIB METATiB B MOJICTUPOJIbHI Ta IMOJiIMETHII-
METaKpWIATHI TUTIBKM IUISIXOM KOBAJIEHTHOTO 3B’SI3yBaHHS, J03BOJISIE ONEPXKYBaTH
MoJliMEpHi MaTepaiiu, sIKi MarOTh OAKTEPULIUIHY aKTUBHICTh O BiTHOUIEHHIO 10 TpaM-
no3uTuBHUX GakTtepiii S. aureus nu M. luteus. [1pu bOMY BasKIMBY poJIb MAIOTh SIK TIPU-
poa Ta KiIbKicTb MeTally, 1110 BBOAUTBCS, TaK i IoJiMepHa MaTPULIS.

KiniouoBi cioBa: BiHLI-B-IMKETOHATH, MOJIMEPHI METAIOKOMIUIEKCH, OaKTepULMIHA
AKTUBHICTb.
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BJIMAHUE B-ANKETOHATOB HEKOTOPBIX METAJIJIOB
HA BARTEPULINJIHYIO AKTUBHOCTD ITIOJIMMEPHDBIX
ITJIEHOK I10 OTHOINEHUWIO K 'PAMITIOJIOKUTEJIbHBIM
MHUEKPOOPTAHU3MAM

Pe3iome

IMokaszaHo, 4TO BBeleHUE B-AMKETOHATOB META/IOB B MOJUCTUPOJIbHBIC U MOJUME-
TUJIMETAaKPWJIATHBIC TIJICHKHU, IyTeM KOBAJEHTHOTO CBSI3bIBAHMSI, ITO3BOJISICT MOJYYUTh
MOJIMMEPHbIE MaTepHasibl, 00JIafaolle BbICOKOM OGaKTEPUILUAHONW aKTMBHOCTBIO I10
OTHOILIEHUIO K I'PaMITOJIOXKUTEIbHBIM OakTepusiM S. aureus u M. luteus. I1pu aTom cy-
LIECTBEHHYIO POJIb UTPAIOT KaK MPUPOIa U KOJUYECTBO BBOAUMOIO MeTalia, TaK U I0-
JIMMEpPHAst MaTPUIIA.

KioueBbie ci0Ba: BUHWII-3-TUKETOHATBI, TOJIMMEPHbIE METAJNIOKOMILIIEKCHI, GaKTepu-
LIMIHAsT aKTUBHOCTD.
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