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SUMMARY

The current study aimed to isolate and diagnose multiple antibiotic-resistant S. aureus (SA), especially
ORSA, MRSA (Oxacillin or Methicillin Resistant SA), and VISA, VRSA (Vancomycin-intermediate or
Resistant SA) from different diabetic foot ulcers. In addition to studying the prevalence of resistance to
treatments with the presence of various types of zinc nano-particles among the resistant bacterial isolates
and determining the minimum inhibitory concentration (MIC) of specific antibiotics, zinc oxide, and
peroxide in nano-sizes, and the synergistic effect of selected antibiotics as a protocol procedure of
treatment with routine antibiotics.

The obtained results can be summarized in the following points:
1. isolation and identification of MDR S. aureus isolates.

The DFU clinical samples (108) were enumerated in MSA and/or ORSAB culture media; the total
positive samples (87) were obtained from the pus, wounds, and the infected skin surface. All isolates were
identified as Staphylococcus species. However, the MDR species of S. aureus was represented at 21.3%
among all other staphylococcal DFU causes. The heterogonous HORSA, MRSA, and VISA S. aureus
represent percentages of 14.81, 4.63, and 1.85%, respectively. While no evidence exists to detect each
VRSA or LRSA S. aureus phenotype. Otherwise, the (23) MDR S. aureus isolates were (16) HORSA, (5)
MRSA, and (2) VISA. These isolates were given lab code names by SMG norsa (1-16), SMG wrsa (17-
21), and SMG VISA (22-23).

2. Characterization of ZnO and ZnO2-nano-particles

The XRD peaks were consistent with ZnO or ZnO; crystallites; each peak has been indexed to the
standard hexagonal wurtzite structure of ZnO or the standard cubic ZnO; crystal structure. The obtained
FTIR spectrum of synthetic Zinc-NP samples confirmed the product purity. However, Transmission
Electron Microscopy TEM is used to analyze the crystal structure. It was observed that the morphology of
ZnO-NPs has grown in a near-hexagonal shape, and the powder consists of quasi-spherical nano-particles.
The majority of ZnO-NPs measured fell in the range of 30-50 nm with an average size of 40 nm. Also,
the TEM images of synthetic ZnO,-NPs demonstrate the possibility of precise determination of spherical
nano-particles with average sizes in the range of 20-40 nm, with an average size of 30 nm.

3. Determination of MIC and syn-MIC for MDR S. aureus isolates.

Zinc-NP treatment inhibited the growth of ORSA, MRSA, and VISA phenotypes, with ZnO-NPs and
Zn02-NPs having individual MIC averages of 5.21 and 6.34 mM/ml, respectively. They provide MIC
averages of 3.49, 2.6, 2.99, and 1.99 pg/ml for individual antibiotics (OX, FOX, VA, and LN). Using
MIC pg/ml antibiotics with mM/ml Zinc-NPs (1: 1) resulted in decreased syn-MIC inhibition values, with
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synergistic effect percentages of 309, 441, 299, and 316%, respectively, for supported antibiotics with
ZnO-NPs. Furthermore, antibiotics supported by ZnO,-NPs have a synergistic effect, with percentage
values of 237, 260, 243, and 219%, respectively. In addition, the individual minimal bactericidal
concentrations (MBCs) for ZnO-NPs and ZnO,-NPs were determined, with averages ranging from 10.32
to 11.08 and 12.54 to 13.28 mM/ml, respectively.

4. The toxicity effect of zinc nano-particles and Bioassays.

The effects of zinc-nano-particle types on adult male Wistar rats were determined by liver function
biochemical assays and histopathological features. The data observed an abnormal increase in serum ALT
concentrations compared to the control mice as a result of being treated with 400 mg/kg of zinc or its
peroxides nano-particles, which may suggest liver hepatotoxicity. The main observation was that the
group treated with ZnO-NPs clearly showed unfocal porto-portal and porto-central fibrosis. So, a clinical
dose of Zn or Zinc-NPs might produce adverse effects, as Zn*? ions accumulate in the liver and decrease
the elimination rate, leading to their accumulation and associated with toxic side effects.

5. Conclusion.

The present data support the efficiency of Zinc-NPs as an antimicrobial agent in the treatment of
MDR S. aureus infections. Although we did not observe any resistance to Vancomycin or Linezolid
among the MDR isolates, we should carefully monitor the antibiotic selection pressure and creeping MIC
to aid in early detection of the emergence of resistance. Also, this study highlights the restricted use of
non-suitable antibiotics for Methicillin susceptible or Vancomycin-Linezolid only for ORSA, MRSA, and
VISA S. aureus isolates. One should also explore alternative therapeutic options, such as synergism with
nano-particles, especially ZnO2-NPs, for less severe MDR infections, thereby preserving Vancomycin-
Linezolid for life-threatening severe infections. Continuous monitoring of the MIC shifts, even in the
susceptible range, may facilitate the early recognition of the emergence of resistant bacterial isolates from
DFU patients. This study also highlights the fact that ORSA, MRSA, and VISA infections need to be
controlled rather than treated, as there is always a threat of the development of resistance by new
mechanisms.

Recommendations:

This study recommends incorporating ZnO»-NPs as an adjuvant with other antibiotics targeting MDR
S. aureus, based on the promising findings obtained herein, to control DFU infection with this pathogen.
This finding indicates a synergistic effect of the combination of various Zn-NPs and tested antibiotics, so
we are suggesting that the ZnO,-NPs are promising nano-metal super oxides that are potentially valued
for safe biomedical treatment of diabetic foot ulcers by reducing the resistant associated bacterial
phenotypes.
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