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Background: While the frequency of methicillin-resistant Staphylococcus aureus (MRSA) continues to rise globally, there is a fear 
regarding an increase in vancomycin resistance among S. aureus strains. As far back as the 1960s, MRSA was one of the world’s most 
prevalent antibiotic-resistant bacteria. Among hospitalized patients and community members, MRSA is the cause of a significant 
number of infections. As a result of its resistance to classical beta-lactam and, in some cases, vancomycin antibiotics, efforts must be 
made as soon as feasible to find a new approach to fighting MRSA.
Purpose: This study is designed to evaluate the antibacterial activity of quinoxaline derivative compound against MRSA in 
comparison with vancomycin as a reference drug.
Methods: Sixty MRSA isolates were subjected to susceptibility testing by broth microdilution method for quinoxaline derivative 
compound and vancomycin. Each drug’s minimal inhibitory concentration (MIC) was determined and compared.
Results: Among the sixty MRSA isolates, most of the quinoxaline derivative compound MIC findings (56.7%) were 4 µg/mL 
compared to vancomycin MIC values (63.3%) of 4 µg/mL. In comparison, 20% of quinoxaline derivative compound MIC readings 
were 2 µg/mL, while the vancomycin MIC results were 6.7%. However, the overall proportion of MIC readings at ≤2 µg/mL for both 
antibacterial agents was equal (23.3%). None of the isolates were resistant to vancomycin.
Conclusion: This experiment revealed that most MRSA isolates were associated with low MICs (1–4 μg/mL) for quinoxaline 
derivative compound. Overall, the susceptibility of the quinoxaline derivative compound signifies a promising efficacy against MRSA 
and may set a novel treatment approach.
Keywords: antibiotic resistance, drug discovery, methicillin-resistant Staphylococcus aureus, minimum inhibitory concentration, 
quinoxaline, vancomycin

Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) is a contagious bacterium that is resistant to nearly all ß-lactam 
antibiotics, including penicillin, amoxicillin, methicillin, and oxacillin.1,2 MRSA develop resistance via hydrolysis of the 
ß-lactam ring renders it incapable of binding to the penicillin-binding protein (PBP)3 or via mecA gene encodes an 
alternative PBP2a with a low affinity for ß-lactam antibiotics.4

Hospital-acquired MRSA (HA-MRSA) has been documented since the 1960s and is rising steadily over time in the 
healthcare facilities.5–7 Community-acquired MRSA (CA-MRSA)8 emerged in the 1990s from long care facilities and 
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individuals sharing objects settings9 as a simple skin infection but can quickly progress into life-threatening illnesses.10 

MRSA have a capsule that protects their outermost layer and produces a slime layer that helps them bind to catheters, 
prosthetic valves, and prosthetic joints. MRSA also produces numerous toxins and enzymes that help them trigger the 
immune response and destroy healthy tissues.11–13

When penicillin was first used to treat Staphylococcus aureus infections in 1941, over 90% of Staphylococcal isolates 
were susceptible to penicillin.14 Nevertheless, penicillin resistance emerged swiftly, partially owing to natural bacterial 
evolution but exacerbated by humans’ misuse of these drugs.15,16 The incidence of disease caused by MRSA has 
increased drastically worldwide, and the bacteria continue to evolve and take on new molecular traits.17 There are 
growing public health concerns related to emerging of resistant to the last-resort of antibiotic therapy against MRSA. 
Researchers discovered the vancomycin-resistant Staphylococcus aureus (VRSA) strain in 2002, which is rising steadily 
over time in the healthcare facilities.18–20

Compound screening constitutes a viable source of lead molecules that might assist fill the drug discovery pipeline 
against MRSA.21 The current study aimed and designed to investigate whether a promising quinoxaline derivative 
compound is as good as vancomycin for inhibiting the growth of selected MRSA isolates using the broth microdilution 
method, determining the drug’s minimum inhibitory concentration (MIC), and establishing the levels of susceptibility 
following the Clinical and Laboratory Standards Institute (CLSI) guidelines.

Materials and Methods
Sample Collection
Sixty isolates of MRSA were evaluated in this study. They are obtained from the Department of Medical Laboratory 
Technology, Faculty of Applied Medical Sciences, King Abdulaziz University, Jeddah, Saudi Arabia. Isolates were 
preserved in glycerol and stored at −80°C. Prior to testing, all isolates were thawed and cultured on Mannitol salt agar 
(HiMedia, India) and incubated overnight at 37°C in an aerobic environment. By routine methods, colonies were 
previously identified for their catalase and tube coagulase tests. Sample collection was performed in agreement with 
the ethics and research committee of the Faculty of Applied Medical Sciences at King Abdulaziz University (No. 38-712- 
456) and complied with the Declaration of Helsinki. As the clinical isolates in this study were a part of the hospital’s 
routine laboratory procedure, the ethics committee exempted this research from informed consent.

Antibacterial Agents
Tested drugs against MRSA include quinoxaline derivative compound, obtained by (Fluorochem Ltd, UK) and Tostaf® 

500 Vancomycin powder 500 mg/vial, obtained by (MediS, Tunisia).

Stock Solution Preparations
Quinoxaline derivative compound stock solution was prepared by dissolving 0.0048 g in 3 mL Dimethyl sulfoxide 
(DMSO) solvent. The final concentration of the stock solution at 1:100 is equal to 16 µg/mL.

Vancomycin stock solution was prepared by dissolving 0.0051 g in 8 mL sterile distilled water. The final concentra-
tion of the stock solution at 1:10 is equal to 64 µg/mL.

Inoculum Preparation
All samples (n=60) were cultured on Mannitol salt agar for 18±24 h before testing. Three to five well-isolated colonies of 
each sample were suspended in 2 mL saline and shaken vigorously on a vortex mixer. Inoculum suspension density was 
adjusted to 0.5 McFarland using a suspension turbidity detector (Biosan Densitometers - DEN-1B). All inoculum 
suspensions are diluted 1:150 in cation-adjusted Mueller–Hinton broth (CAMHB) - No.2 Control Cations (HiMedia, 
India). CAMHB was prepared according to the manufacturer’s instructions.

Broth Microdilution Method
The procedure for performing broth microdilution method is done as described by CLSI (M07-A9) protocol.22
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CAMHB is dispensed in a sterile, plastic 96-well plate with round bottom wells. Each antibacterial drug in the 
experiment was conducted on a separate plate. Using a multichannel pipette, 100 µL of CAMHB were filled in columns 
2–12. Column 1 was filled with 200 µL of antibacterial agents stock solution diluted to 1:100 with a final concentration 
equal to 16 µg/mL. Two-fold serial dilutions (log2 dilution ranges) were performed by transferring 100 µL from the first 
well to the 10th with the following consecutive concentrations (16, 8, 4, 2, 1, 0.5, 0.25, 0.12, 0.06, 0.03). Each column – 
from 1 to 11 – was filled with 100 µL of 1:150 0.5 McFarland bacterial suspension. Growth control wells (column 11) are 
drug-free wells that contain 100 µL of bacterial suspension and 100 µL of CAMHB. Column 12 (blank) contained 100 
µL of CAMHB and 100 µL distilled water.

The plate is covered in a tight-fitting plastic bag and incubated at 35±2°C in an ambient air incubator for 24 hours 
without agitation.

Determination of Minimum Inhibitory Concentration
Minimum inhibitory concentration (MIC) is defined as the lowest concentration of a drug that will inhibit the visible 
growth of a microorganism. MIC results of the two antibacterial using the broth microdilution method were interpreted 
following the CLSI guidelines.22,23

Results
The susceptibility of MRSA isolates to vancomycin and quinoxaline derivative compound is determined using MIC test. 
Two-fold serial (log2 dilution ranges) concentrations were used for testing the quinoxaline derivative compound at 16 to 
0.03 µg/mL. Results obtained for the MIC of both antibacterial drugs were between 8 and 1 µg/mL. The quinoxaline 
derivative compound’s results were compared with vancomycin as a reference drug.

As presented in Table 1, out of the sixty MRSA isolates included in this study, the majority of the quinoxaline 
derivative MIC results (56.7%) were 4 µg/mL, whereas the vancomycin MIC results represent (63.3%). In contrast, 20% 
of quinoxaline derivative MIC results were 2 µg/mL compared with vancomycin MIC results, which showed only 6.7%. 
However, the total percentage of MIC results of both drugs at ≤2 µg/mL were identical (23.3%).

Results also revealed that 20% of isolates tested for quinoxaline derivative were 8 µg/mL compared to 13.3% for 
vancomycin. Only 3.3% of isolates showed a remarkable 1 µg/mL MIC for quinoxaline derivative compared to 16.7% of 
isolates tested for vancomycin. The MIC results of 4 µg/mL for both drugs were similar in 35% of total isolates.

According to CLSI, vancomycin-intermediate Staphylococcus aureus (VISA) are those isolates with MIC between 4 
and 8 µg/mL, whereas the MIC results ≥16 µg/mL is vancomycin-resistant.22 Accordingly, 76.7% of total isolates are 
found to be intermediate against vancomycin, while 23.3% are vancomycin-sensitive Staphylococcus aureus (VSSA). 
None of the isolates were found to be resistant to vancomycin, ie, MIC ≥16 μg/mL.

Table 1 Comparison of MIC Results of MRSA Isolates Between 
Quinoxaline Derivative Compound and Vancomycin

MIC (µg/ 
mL)

No. of Isolates

Quinoxaline Derivative 
Compound

Vancomycin

8 12 (20%) 8 (13.3%) (I)

4 34 (56.7%) 38 (63.3%) (I)

2 12 (20%) 4 (6.7%) (S)

1 2 (3.3%) 10 (16.7%) (S)

Total 60 isolates

Abbreviations: I, intermediate; S, sensitive.
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Discussion
The establishment and spread of vancomycin resistance make the treatment of MRSA more difficult.24 To our knowl-
edge, research to assess the efficacy of this quinoxaline derivative compound in treating MRSA infections has not yet 
been utilized. Therefore, the results from this study indicate that quinoxaline derivative compound might offer a new 
therapeutic method for MRSA infections as an alternative to vancomycin. No appreciable differences in the MICs 
between the quinoxaline derivative compound and vancomycin were found in this investigation.

The MIC and vancomycin exposure, as assessed by the area underneath the concentration curve, are the most 
important pharmacokinetic–pharmacodynamic indices for optimizing bacterial lysis and patient outcomes with vanco-
mycin treatment. For modern vancomycin administration, an area under the concentration curve/MIC index goal of 
400 mg/L hour is advised. Midway through the twenty-first century, CLSI lowered the S. aureus vancomycin MIC 
susceptibility breakpoint to 2 µg/mL. Since then, however, a number of separate investigations have established 
relationships between isolates with vancomycin MICs within the resistant range with patient outcomes.25 The results 
from this study indicate that no sensitivity findings for either drugs were related to high MICs. The Centers for Disease 
Control and Prevention (CDC) guidelines, on the other hand, are to view these strains as possibly intermediate. They 
advise additional testing as well as research into the condition of the patient for vancomycin treatment, including 
probable reaction to vancomycin therapy. Additionally, to completely comprehend the epidemiology, microbiology, and 
pathophysiology of MRSA infections and to choose the effective preventive and treatment measures, more information 
from well-designed research is required.26

The current study is considered as an introduction to future studies aimed to investigating the effect of quinoxaline 
derivatives compound at the cellular and molecular levels and the possibility of emergence of MRSA resistance to this 
compound. Cell wall thickening as well as, presumably, the movement of genetic material, are considered to explain the 
growth of vancomycin resistance. Vancomycin functions by binding permanently to the terminal d-alanyl-d-alanine of 
bacterial cell wall substrates, limiting cell wall biosynthesis by targeting the regions important for cell wall synthesis. 
Resistance in VISA strains is considered to develop due to variations in peptidoglycan biosynthesis. VISA strains 
synthesis additional peptidoglycan with higher levels of D-alanyl-D-alanine residues. Because these residues attach to 
vancomycin molecules, they can efficiently sequester the antibiotic, thus preventing it from accessing the bacteria it was 
designed to kill. Moreover, the newly changed cell walls containing attached vancomycin further restrict the movement 
of drug molecules. Those genes that code for the graRS two-component regulatory structure were among the genes 
reported to be elevated in VISA strains. This regulatory system was given its name for its link with glycopeptide 
susceptibility. A further two-component regulatory system known as graRS is responsible for regulating the expression of 
the ABC transporter permease that is encoded by the vraG gene. This transporter is a constituent of an ATP-binding 
sequence. It was discovered that graRS is a significant factor in the VISA-type susceptibility that is present in some 
cellular strains of Staphylococcus aureus. The deletion of the vraG gene produced this hypersensitivity to vancomycin in 
the VISA strain Mu50. The isolate was sequenced, and the results showed that it had a shortened YycH protein and an 
amino acid alteration in the vraG gene.27

As we search for a new drug to treat MRSA, preventing and controlling infection caused by MRSA is one of 
the most important problems to solve. Colonization, exposure to infected skin or fomites, impaired host defenses, 
and other factors may all play a role in the spread of the infection. The degree to which various techniques have 
been successful in controlling MRSA has varied significantly. MRSA has been kept at a low incidence in many 
European nations due to active surveillance cultures and contact restrictions; this has been accomplished by these 
nations with or without decolonization (such as Finland, Netherlands, and France). Other nations have also had 
difficulty bringing their MRSA outbreaks under control, although they have made progress (such as Canada and 
Germany). The United States and Japan are two of the nations that have the highest rates of MRSA infection.28

Conclusion
The spread of multidrug-resistant Staphylococcus aureus in hospitals and community is a public health threat and 
a major hurdle in the treatment of MRSA infection. Because of the promising antibacterial activity against MRSA 
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compared to vancomycin, further drug discovery research and development for this quinoxaline derivative compound 
is warranted.

Abbreviations
MRSA, methicillin-resistant Staphylococcus aureus; MIC, minimum inhibitory concentrations; CLSI, Clinical and 
Laboratory Standards Institute; VRSA, vancomycin-resistant Staphylococcus aureus; VISA, vancomycin-intermediate 
Staphylococcus aureus; VSSA, vancomycin-sensitive Staphylococcus aureus; PBP, penicillin-binding protein; HA- 
MRSA, hospital-acquired MRSA; CA-MRSA, community-acquired MRSA; DCD, Centers for Disease Control and 
Prevention; CAMHB, cation-adjusted Mueller–Hinton broth (CAMHB); DMSO, dimethyl sulfoxide; ATP, adenosine 
triphosphate.
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