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ABSTRACT

Introduction. The emergence of the antibiotic resistance and multi-resistance to
antibiotics drives the acute necessity for the developing of new anti-infective
strategies and the permanent changes of the disinfectants used in the hospital
environment. The purpose of this study was to investigate by adapted disk
diffusion techniques the antimicrobial potential of six (6) newly synthesized
chemical compounds (derivatives from phenantroline and cooper complexe
combinations with dimethylguanidine), 5 usual disinfectants (Oxigenon, Combi
instruments, Virkon, Biguacid, Big spray) and 13 newly synthesized chemical
compounds with potential disinfectant activity against 100 enterobacterial
strains isolated from different surfaces in the hospital environment grown in
planktonic and adherent form, in order to select the most appropriate alternative
based on a good cost-effectiveness ratio.

Methods: The initial qualitative screening of the antimicrobial activity was
performed by disk diffusion and the minimal inhibitory concentration (MIC) of the
active chemical compounds was established by Mueller Hinton broth
microdillution method using 96-multiwell plates. The microbial strains were
tested for their adherence capacity and biofilm developing potential on inert
substrata (quantified by a simple method consisting in growing the microbial
strains in 60-multiwell plates for 24 hours at 37 C degrees and the biofilms
formed on the wall was fixed by methanol and stained by violet crystal and the
intensity of color was quantified by measuring the absorbance at 490 nm by an
ELISA reader).

Results: The 100 enterobacterial strains isolated from surfaces in the hospital
environment exhibited high resistance rates to cephuroxime (100%),
cephtazidime (100%), ampicillin (98%), cefoxitin (98%), ticarcillin (62%),
amoxicillin/ clavulanic acid (53%). 36% of these strains were confirmed for the
production of ESBLs and 50% exhibited AMPc inducible beta-lactamases. All
tested strains also exhibited high level resistance to tetracyclines (46-53%) and
trimetoprim/sulphametoxazole. Concerning their susceptibility to usual
disinfectants, the tested strains exhibited high resistance to Oxigenon and to
Virkon and were susceptible to Biguacid, Big spray and Combi instruments, the
last one being the most effective, active at low concentrations against all tested
enterobacterial strains. Concerning the newly synthesized compounds, they
exhibited a very low antimicrobial activity. The six derivatives from phenantroline
and cooper complexe combinations with dimethylguanidine exhibited
antimicrobial activity against the majority of the tested strains with MIC values
ranging from 18 to 625 pg/ml. The subinhibitory concentrations of the tested
chemical compounds slightly inhibited the adherence capacity of the tested
strains to the inert substratum. Conclusion. Our results are demonstrating that
the increasing rates of resistance to antibiotics in enterobacterial strains are
correlated with increasing rates of resistance to the disinfectants used in the
hospital environment, as a results of adaptation of an existing resistance
mechanism to multiple antimicrobial substrates. The phenantroline derivatives
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could represent a novel strategy for the antimicrobial treatment, besides the
bactericidal effect, the subinhibitory concentrations of newly synthesized
chemical compounds impairing the microbial adherence capacity to the inert
substratum.
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1. INTRODUCTION

The increase of the selective pressure of antibiotics and antimicrobial
substances in the hospital environment led to the selection of multiresistant
bacterial strains both in opportunistic, nosocomial agents and also in classical
pathogens. It is also known that the resistance genes occurred in the microbial
strains isolated from the hospital environment are of an older origin, originating
in the external medium, evolving as non-specific defense mechanisms against
the toxic compounds existing in the environment, such as plant metabolites and
soil microbiota (1, 2). The emergence of the antibiotic resistance and multi-
resistance to antibiotics drives the acute necessity for the developing of new
anti-infective strategies and the permanent changes of the disinfectants used in
the hospital environment (3). The purpose of this study was to investigate the
antimicrobial potential of six (6) newly synthesized chemical compounds
(derivatives from phenantroline and cooper complexe combinations with
dimethylguanidine), 5 usual disinfectants (Oxigenon, Combi instruments,
Virkon, Biguacid, Big spray) and 13 newly synthesized chemical compounds
with potential disinfectant activity against 100 enterobacterial strains isolated
from different surfaces in the hospital environment grown in planktonic and
adherent form, in order to select the most appropriate alternative based on a
good cost-effectiveness ratio.

2. MATERIAL AND METHODS

The microbial strains were isolated from different surfaces from the hospital
environment all along the year 2006 and identified by aid of TSI (triple sugar
iron), MILF (mobility, indole production, lysin  decarboxilase,
phenylalanindesaminase) MIU (mobility, indole production, urease production),
Simmons (citrate use as carbon source) biochemical screening tests and
miniAPIsystem (4, 5). The initial qualitative screening of the antimicrobial
activity was performed by spotting 5ul of the chemical compound solubilised in
Dimethyl-phormamide (10 mg/mL) on Mueller Hinton medium previously seeded
with microbial suspensions. The minimal inhibitory concentration (MIC) of the
active chemical compounds was established by broth microdillution method
using 60-multiwell plates. The microbial strains were tested for their adherence
capacity and biofilm developing potential on inert substrata (quantified by a
simple method consisting in growing the microbial strains in 60-multiwell plates
for 24 hours at 37 Celsius degrees and the biofilms formed on the wall was fixed
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by methanol and stained by violet crystal and the intensity of color was
quantified by measuring the absorbance at 490 nm by an ELISA reader) (6-11).
The influence of the chemical compounds on the biofilm developing potential
was tested by the same method with the specification that the microbial cultures
were grown in the presence of subinhibitory concentrations of the tested
compound solubilised in DMF for 24 hours.

3. RESULTS AND DISCUSSION

The biochemical identification of the tested strains revealed their affiliation to
Enterobacteriaceae family, the majority of the tested strains belonging to £. coli,
followed by Klebsiella sp. (K. oxytoca, K. pneumoniae and Enterobacter
cloacae). All six chemical compounds exhibited antimicrobial activity against the
majority of the tested strains, as revealed by the growth inhibition zones
occurred around the solution spots. The complex combinations of phenantroline
derivatives exhibited superior antimicrobial activity demonstrated by the low MIC
values (ranging from 18-156 pg/ml), comparatively with the combinations of Cu-
N, N dimethyl-biguanidine with higher MIC values to 625ug/ml. Our results
showed that the subinhibitory concentrations of the tested chemical compounds
slightly inhibited the adherence capacity of the tested strains to the inert
substratum, excepting the cooper complex combination with dimethyl-
biguanidine that stimulated the bacterial adherence. All the Cu phenantroline
compounds inhibited the bacterial adhesion to the inert substrate and implicitly
the development of biofilms, while the combinations of the copper ions with the
dimethyl-biguanidine did not exhibited this activity. So the use of phenantroline
compounds could represent an alternative to the disinfectant substances used
until present, useful in combating the contamination of the materials and the
reduction of the infection risk with multi resistant bacteria and with potential of
biofilms formation. Concerning their susceptibility to usual disinfectants, the
tested strains exhibited high resistance to Oxigenon and to Virkon and were
susceptible to Biguacid, Big spray and Combi instruments, the last one being
the most effective, active at low concentrations against all tested enterobacterial
strains. Concerning the newly synthesized compounds, they exhibited a very
low antimicrobial activity.

4. CONCLUSION

The present study showed that the entrobacterial strains isolated from different
surfaces in the hospital environment exhibited high levels resistance to usual
disinfectants, outlining for the investigation of new compounds with disinfectant
activity. Our results demonstrated that none of the new disinfectant substances
exhibited good antimicrobial activity; in exchange a good antimicrobial potential
was observed for some derivatives of phenantroline and N, N-dimetil-
biguanidine against enterobacterial strains isolated from various surfaces in the
hospital environment, both on planktonic cells and adherent bacteria.
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