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Antimicrobial activity of humic-based bionanomaterials containing silver
against opportunistic pathogens

Lysenko L.V.", Miroshnichenko A.G.", Zykova M.V.", Perminova 1.V.?, Belousov M.V."
'Siberian State Medical University, Tomsk, Russia, lysenko.iv@ssmu.ru
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The antibacterial agents use led to the emergence and spread of resistant microorganisms,
in some cases resistant to several classes of antibiotics. In this regard, the antimicrobial
chemotherapy improvement, aimed at increasing the effectiveness of antibacterial agents and
reducing the number of multiresistant strains of pathogens of infectious diseases, remains a
highly relevant task.

The goal of this work was to research the antibacterial activity of humic-based
bionanomaterials containing silver (HS-AgNPs) and their modification by naphthoquinone (HS-
20HNQ-Ag) and hydroquinone (HS-HQ-Ag), also study their effects on museum strains of
Escherichia coli and Klebsiella pneumoniae and multidrug-resistant clinical strains of Klebsiella
pneumoniae and Methicillin-resistant Staphylococcus aureus (MRSA).

Experimental samples were synthesized in the Natural Humic Systems Laboratory of the
Chemical Faculty of Lomonosov MSU, there were 8 samples: the coal humic acid (HA)
"Powhumus" (CHP-AgNPs), the peat fulvic acid "Fulvagra" (FA-AgNPs), the Sakhalin coal HA
(CHS-AgNPs), the angustifolium (Peat1-AgNPs) and the sphagnum (Peat2-AgNPs) peat HAs,
the Irkutsk coal HA (CHI-AgNPs), the "Genesis" coal HS (CHE-AgNPs), the unfractionated peat
preparation (PHF-T3-AgNPs). All modification samples were synthesized on the CHP sample.

Minimum inhibitory concentrations (MIC) were determined for experimental substances with
established antibacterial activity in combination with lincomycin. The study was done on the 96-
well flat-bottomed tissue culture plate. Mineral nutrient medium M9 and Mueller-Hinton broth
were used as nutrient medium. Results were evaluated after 24 h of incubation of the plates at a
temperature of 37°C using spectrophotometry (605 nm).

As a result of the study of the effect of the studied substance on the development of
periodical cultures of museum strains of E. coli and K. Pneumoniae in the mineral nutrient
medium M9, it was found that CHS-AgNP, FA-AgNP, CHP-AgNP, Peat1-AgNPs, Peat2-AgNPs
at concentrations of 0,5-8 mg / having pronounced antimicrobial activity, which manifests in the
complete absence of bacterial growth in the wells. The antimicrobial activity of the studied
substances against clinical multi-resistant strains of K. pneumonia was demonstrated by CHS-
AgNP, FA-AgNP, CHP-AgNP, Peat1-AgNPs, Peat2-AgNPs at concentrations of 3-16 mg/l. The
modification samples were studied on bacteria in the Mueller-Hinton nutrient broth and they
showed the most stable results against opportunistic microorganisms. So, CHP-Ag, CHP-HQ-Ag
and CHP-20HNQ-Ag samples showed pronounced antibacterial activity at concentrations of
600-1200 mg/l to museum strains, which manifested itself in the absence of a change in the
density of the contents of the well after 24 hours. The most pronounced activity was
demonstrated by two substances - CHP -Ag and CHP - HQ Ag. These substances were tested
on the possible potentiation of the action of lincomycin against the museum strain of MRSA. The
CHP-Ag and CHP-HQ Ag samples were added to lincomycin at concentrations of 60 mg/l and 40
mg/l, respectively, as result the MIC of lincomycin was 0.1 mg/l, while without the addition of HS,
it was more than 200 mg/I.

Thus, the humic-based bionanomaterials containing silver have an antibacterial effect and
can potentiate the action of known antibacterial substances.

This work was supported by the financial Russian Science Foundation (Grant No. 20-65-
47052).

77


mailto:lysenko.iv@ssmu.ru

