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Abstract

Staphylococcus aureus and Staphylococcus epidermidis are the main agents 

involved with implant-related infections. Their ability to adhere to medical devices with 

subsequent biofilm formation is crucial to the development of these infections. Herein we 

described the antibacterial and antibiofilm activities of a quinazoline-based compound, 

N4-benzyl-N2-phenylquinazoline-2,4-diamine, against both biofilm-forming pathogens. 

The minimum inhibitory concentrations (MIC) were determined as 25 µM for S. aureus 

and 15 µM for S. epidermidis. At sub-MIC concentrations (20 µM for S. aureus and 10 µM 

for S. epidermidis), the compound was able to inhibit biofilm formation without interfere 

with bacterial growth, confirmed by scanning electron microscopy. Moreover, surfaces 

coated with the quinazoline-based compound were able to prevent bacterial adherence. 

In addition, this compound presented no toxicity to human red blood cells at highest MIC 

25 µM and in vivo toxicity assay using Galleria mellonella larvae resulted in 82% survival 

with a high-dose of 500 mg/kg body weight. These features evidence quinazoline-based 

compound as interesting entities to promising applications in biomedical fields, such as 

antimicrobial and in anti-infective approaches. 

Key words: Staphylococcus aureus, Staphylococcus epidermidis, antibiofilm, 

antibacterial, coating, quinazoline
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It is well known that biofilm formation is an important virulence factor to develop 

many chronic infections (Koo, 2017), accounting for more than 80% of microbial 

infections in humans (Davies, 2003). Biofilms are formed by multiple microbial cells 

attached to a surface or suspended in interfaces, which are organized in a complex 

tertiary structure embedded in an extracellular matrix of polymeric substances 

(Blackledge, 2013). Bacteria in biofilm are phenotypically distinct of their planktonic 

counterparts, especially regarding gene expression and growth rates (Del Pozo, 2017), 

being more tolerant to clearance by antibiotics and the host immune system (Blackledge, 

2013). Since biofilms can serve as reservoirs for bacterial pathogens, leading to 

persistent infections and allow resistant gene transfer, biofilm-related diseases represent 

a considerable economic burden, contributing to patient morbidity and increased mortality 

rates (Del Pozo, 2017).

Medical devices can improve the quality of life and longevity of patients, and are 

frequently used in almost all fields of medicine for diagnostic and therapeutic procedures. 

The average rates of infection related to surgical implants are 0.5-5% for joint prosthesis, 

7-15% for mechanical and bioprosthetic heart valves, 3.1-7.5% for urinary devices, and 

40% for ventricular assist devices (VanEpps, 2016). Biomaterials are prone to be infected 

during its implantation by microorganisms from patient's skin or from the hands of the 

surgical or clinical staff, and the infected implants often need to be removed to complete 

elimination of infection (VanEpps, 2016). Staphylococcus aureus and Staphylococcus 

epidermidis account together for two thirds of etiological agents related to implant-

associated infections (Campoccia, 2016), evidencing their importance in this type of 

disease. S. epidermidis and S. aureus are opportunistic pathogens that only can cause 

infection in healthy patients when disrupting epithelial barrier (Otto, 2012). Biofilm 

formation is an essential virulence factor that contributes to establish chronic infections. 

S. aureus biofilm-related infections require intensive care, and infected devices need to 

be removed more frequently than those infected by S. epidermidis. 

Due to the difficulty in treating biofilm-related infections, efforts are made to find 

novel active compounds able to treat or prevent biofilm formation. Quinazolines are an 

emerging class of compounds, and many appropriate substituted quinazolines have 

shown a wide range of activities for medication purpose, such as antimalarial, antiviral, 

anticancer, antifungal, antiprotozoan, anti-inflammatory, besides other biological activities A
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(Asif, 2014). Quinazoline ring is part of many approved drugs in the market such as 

prazosin hydrochloride, doxazosine mesylate and terazosine hydrochloride, all of them 

being used to treat high blood pressure and benign prostatic hyperplasia. Also, there are 

numerous reports describing antibacterial activity of quinazoline derivatives against both 

Gram-positive and negative strains (Fleeman, 2017; Jafari, 2016; Van Horn, 2014) . 

There are still few studies focused on antibiofilm activity of this class of compounds, 

although they demonstrate its promising potential for this purpose (Bessa, 2016; 

Bisacchi, 2015; Chandrasekera, 2017; Fleeman, 2017; Kant, 2017; Rasmussen, 2011; 

Zhang, 2015). In this work we evaluated the antibacterial and antibiofilm activities of a 

quinazoline-based compound, N4-benzyl-N2-phenylquinazoline-2,4-diamine, denominated 

PH100, against S. aureus and S. epidermidis bacteria.

Results and Discussion
The antibacterial activity of the substituted quinazoline PH100 (Figure 1A) was 

firstly assessed by determination of MIC and MBC against S. aureus ATCC 25904 and S. 

epidermidis ATCC 35984 after 24 h incubation (Table S1). The MIC values of PH100 for 

S. aureus and S. epidermidis were 25 µM and 15 µM, and the MBC values were 400 µM 

and 100 µM, respectively. The ratios MBC/MIC were 16 for S. aureus and 6.7 for S. 

epidermidis (Table S1), which characterize bacteriostatic compounds since those 

numbers are greater than 4 (Pankey, 2014).

Growth curves for both microorganisms (Figure 1B and C) show that at MIC and 

higher concentrations of PH100 (25 and 50 µM for S. aureus and 15, 20 and 25 µM for S. 

epidermidis), an initial growth was observed within the first 3-4 h, but it decreased 

afterwards. However, at sub-inhibitory concentrations (15 and 20 µM for S. aureus and 5 

and 10 µM for S. epidermidis), PH100 had no statistically significant inhibitory effect on 

bacterial growth when compared with the vehicle control during the stationary growth 

phase. The bacteriostatic profile of PH100 against these microorganisms was also 

noticed through growth curves, where both bacteria were able to restore growth after 24 

h incubation when treated at MIC. Trentin et al. (2013) also observed this pattern on 

kinetic analysis of antibacterial activity with plant extracts, which demonstrated to be 

bacteriostatic against Pseudomonas aeruginosa (Trentin, 2013). A
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Figure 1. Bacterial kinetic growth curve in presence of N4-benzyl-N2-phenylquinazoline-

2,4-diamine (PH100) structure (A) of S. aureus (B) and S. epidermidis (C). Bacterial 

growth evaluated at different concentrations of PH100 during 48 h incubation. DMSO 

(2%) was used as vehicle control, and vancomycin was used as bactericide control. Error 

bars indicate the standard deviations of three independent experiments.
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Once biofilms are established, they are difficult to eradicate due to their inherent 

reduced susceptibility to antibacterial, often resulting in failure of antimicrobial treatment 

and mechanical removal requirement of the biofilm (Del POzo, 2017). Bacterial adhesion 

on medical devices surfaces is the first and crucial step for established device-related 

infections (Campoccia, 2006). Therefore, prevention of bacterial attachment still 

represents the best approach to suppress infectious process development. As an attempt 

to eliminate or reduce bacterial adhesion and biofilm formation, intensive efforts have 

been focused on the development of antibacterial surfaces by application of coatings, 

modification or alteration its architecture (Hasan, 2013). In this sense, numerous works 

focus on coating surfaces with one or two antimicrobials or entrapping these chemicals 

within the material, aiming to obtain medical devices with different antimicrobial spectra 

and span of the antimicrobial effect (Francolini, 2010).

Treatments with sub-inhibitory concentrations of PH100 significantly reduced S. 

aureus and S. epidermidis biofilm formation (Figure 2A and B, respectively). The 

production of biofilm biomass was reduced approximately 51% when S. aureus was 

treated with 20 µM PH100, and 94% when S. epidermidis was treated with 10 µM PH100, 

in comparison to the untreated control. Interestingly, these concentrations under MIC had 

no impact on bacterial growth rates, as demonstrated by kinetics curve and confirmed by 

concomitant spectrophotometric evaluation at OD 600 nm during biofilm assays (Figure 1 

and 2). As expected, treatments at MIC and upper concentrations, as well as 

vancomycin, were able to inhibit biofilm formation by impairing bacterial growth (Figure 

2). Both strains of S. aureus and S. epidermidis tested are strong biofilm formers. 
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Figure 2. Evaluation of S. aureus (A) and S. epidermidis (B) biofilm formation and 

bacterial growth in the presence of PH100. Biofilm biomass was quantified using crystal 

violet staining and bacterial growth was assessed by spectrophotometric measurements 

at 600 nm. Results are presented as percentage compared to vehicle controls, which are 

considered as 100% of bacterial growth and biofilm formation. The error bars indicate the 

standard deviations of three experiments. *p < 0.01 vs. untreated vehicle control groups.

An ideal approach to fight biofilms would be the prevention of bacterial adhesion or 

the interruption of the regulatory systems involved in biofilm formation and maintenance, 

without killing bacteria, avoiding higher pressure for the selection of resistant bacterial 

population (Blackledge, 2013). In this regard, PH100 at sub-inhibitory concentrations 

could be a possible candidate for this purpose. It is important to mention that many 

studies have demonstrated that some antibacterials, such as kanamycin, erythromycin 

and azithromycin, when used at sub-MIC concentrations, can enhance biofilm formation 

(Jones, 2013; Kuehl, 2009; Wang, 2010), evidencing that inappropriate antibacterial 

choice or usage would improve bacterial biofilm formation during infectious disease, 

leading to a worsening clinical outcome. Otherwise, the compound evaluated in this study 

did not stimulate this response in any strain tested and can be useful as antibacterial on 

higher concentrations or antibiofilm on sub-MIC concentrations. The significant reduction 

in S. aureus and S. epidermidis biofilm development observed in crystal violet assay 

when cells were treated those sub-MIC concentrations of PH100 (Figure 2) was 

confirmed by scanning electron microscopy images (Figure 3). Several bacterial 

aggregates can be visualized in control sample, which did not receive PH100 treatment 

(Figure 3A and D). S. epidermidis formed thicker biofilm than S. aureus, as observed in 

the controls. As expected, in the presence of PH100, the adhesion of bacterial cells 

decreased in number and in size of clusters in concentration-dependent manner (Figure 

3B, C, E and F). Even at the lowest concentration tested (PH100 15 µM for S. aureus, 

and PH100 5 µM for S. epidermidis), a reduction of adhered cells can be observed for 

both bacteria (Figure 3B and E), however this effect was not observed using only the 

crystal violet technique. 
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Figure 3. SEM images of S. aureus and S. epidermidis biofilm in the absence or 

presence of sub-MIC concentrations of PH100. S. aureus biofilms  formed in the 

presence of 2% DMSO vehicle (A); S. aureus biofilms formed in the presence of PH100 

15 µM (B), and in the presence of PH100 20 µM (C); S. epidermidis formed in the 

presence of 2% DMSO vehicle (D); S. epidermidis biofilms formed in the presence of 

PH100 5 µM (E), and in the presence of PH100 10 µM (F). Scale bars: 50 µm at the main 

images, 5 µm at the inserts.

Based on these results, we prepared PH100-coated surfaces by using spin-

coating technique, in order to verify its ability to prevent bacterial adherence and biofilm 

growth. SEM images of PH100-coated surface samples showed that acetone-treated 

surface (vehicle control) allowed bacteria attachment and biofilm development by S. 

aureus (Figure 4A) and S. epidermidis (Figure 4C). As previously observed in SEM, S. 

epidermidis formed thicker biofilms than S. aureus, presenting many aggregated cells in 

the control condition. However, a lower number of bacterial attached cells were 

presented on PH100-treated surface in comparison to acetone-treated surface for both 

bacteria, which means that the adhesion was inhibited in PH100- surface presence 

(Figure 4B and D), with no bacterial clusters observed. Despite of these results, this 

assay did not measure the bacterial viability, therefore this effect could be reached by A
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action on bacteria growth or on virulence factor related to attachment. The compound has 

low aqueous solubility (Van Horn, 2014), which may contribute to a strong interaction with 

the PermanoxTM material used as model surface, avoiding its removal even after several 

washes. This feature might be important not only for a long maintenance of biofilm 

inhibition, but also to prevent the compound detachment from the material surface.

Figure 4. SEM images of S. aureus and S. epidermidis biofilm formation on PH100-

coated surface. S. aureus (A) and S. epidermidis (C) acetone-treated surface used as 

vehicle control; S. aureus (B) and S. epidermidis (D) biofilm in PH100-coated surface. 

Scale bars: 100 µm at the main images, 10 µm at the inserts.

In order to investigate the potential toxicity of PH100, a preliminary study using 

human red blood cells and an invertebrate host model were carried out. Hemolytic effect 

in human red blood cells was conducted as indicative of cytotoxicity (Figure S1). For this, 

triton X-100 was used as a positive control and was considered to cause 100% hemolysis 

while vehicle (2% DMSO) was used as negative control and considered to cause no 

hemolysis. PH100 concentrations, ranging from 10 to 25 µM, did not present a significant 

hemolytic activity. Only the highest concentration tested (50 µM) presented low 

(approximately 3.5%), but significant hemolysis when compared to negative control. 

Fleeman et al. (2017) also tested the hemolytic capacity of six substituted quinazolines A
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using whole human blood. They registered average hemolysis below 1% at 10 µM, which 

was in accordance with the present study. Additionally, Galleria mellonella larvae was 

used as an alternative invertebrate model to evaluate in vivo toxicity of PH100. This 

model has been used over the last years for toxicity evaluation, demonstrating data 

correlation to cell culture and mammalian models (Maguire, 2016; Megaw, 2015; Sardi, 

2017). A single high-dose of 500 mg/kg of larvae was tested in groups of 10 larvae. Since 

PH100 was only soluble in DMSO, it was injected at a final volume of 1 µL to larvae 

hemocoel. As control, 1 µL of DMSO was administered. All larvae groups were incubated 

at 37 °C during 5 days and survival was evaluated at each 24 h through touch stimuli. 

PH100-treated group presented approximately 82% survival (Table S2), which was not 

statistically different from the negative control, indicating that LD50 for PH100 (minimum 

dose able to kill 50% of the larvae over time) is higher that dose of 500 mg/kg.

In conclusion, this work presented a promising quinazoline compound displaying 

both antibiofilm and antibacterial activity, depending on employed concentration. PH100 

presented low toxicity and was able to inhibit biofilm formation under sub-inhibitory 

concentrations without interfering with bacterial growth. The bioactivity of PH100 is kept 

even when adsorbed in a material surface since PH100 avoids bacterial adhesion, 

leading to the generation of an anti-staphylococcal surface. Since staphylococci comprise 

the major cause of implant-related biofilms, PH100 would have potential uses as anti-

infective strategy such as for the coating of medical devices surfaces.

Methods

PH100 (N4-benzyl-N2-phenylquinazoline-2,4-diamine) synthesis

PH100 is a quinazoline derivative, denominated N4-benzyl-N2-phenylquinazoline-

2,4-diamine. The synthesis procedure is represented in Figure S2. First, to a stirred 

solution of 2.4-dichloroquinazoline 1 (2.51 mmol) in THF/H2O (3:1) (15 mL), were added 

sodium acetate (2.76 mmol) and benzilamine (2.76 mmol). The mixture was stirred for 6 

h at 65 °C. After, it was cooled and diluted with ethyl acetate (40 mL) and water (40 mL) 

and the organic layer was washed with water (2x40 mL), dried over Na2SO4, filtered and 

concentrated under reduced pressure. The residue was purified by silica gel column 

chromatography eluting with cyclohexane: ethyl acetate (85:15) to give 2 in 62% yield A
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which was used immediately in the next step. To a solution of 2 (0.0926 mmol) in ethanol 

(0.5 mL), aniline was added (0.139 mmol). The correspondent mixture was stirred for 3 h 

at 120 °C. After, the mixture was cooled, diluted with ethyl acetate (20 mL) and washed 

with a solution of sodium bicarbonate 10% (p/v) (20 mL) and water (20 mL). The organic 

layer was dried with Na2SO4 anhydrous, filtered and concentrated under reduced 

pressure. The residue was purified by silica gel column chromatography eluting with 

cyclohexane: ethyl acetate (7:3) to give PH100 as a yellow solid in 81% yield. After this 

purification we proceeded with spectroscopy analyses using infrared (IR), 1H and 13C 

Nuclear Magnetic Resonance (NMR) and mass spectrometry (Figures and description 

available in the supporting information) to verify identity and purity of PH100 which is in 

accordance with the work of Van Horn (2014)25. M.p. 142-145 ºC. IR (v /cm-1): 3431, 

3027, 1568, 1485, 1415, 1326. 1H NMR (400 MHz, DMSO-d6) δ 9.02 (s, 1H), 8.68 (t, 1H, 

J = 5.4 Hz), 8.16 (d, 1H, J = 8.0 Hz), 7.84 - 7.82 (m, 2H), 7.60 (t, 1H, J = 8.0 Hz), 7.44- 

7.40 (m, 3H), 7.33 (t, 2H, J = 7.4 Hz), 7.25- 7.18 (m, 4H), 6.86 (t, 1HJ = 7.2 Hz), 4.83 (d, 

2H, J = 5.4 Hz). 13C NMR (100 MHz, DMSO-d6) δ 160.1, 156.9, 151.4, 141.4, 139.7, 

132.6, 128.3, 127.1, 126.7, 125.3, 122.8, 121.5, 120.4, 118.5, 111.6, 43.5. HRMS (m/z): 

[MH+] calc for C21H19N4, 326,1604; found, 327,1604 (Fig. S3 – S5).

Bacterial strains and culture conditions

Staphylococcus aureus ATCC 25904 and Staphylococcus epidermidis ATCC 

35984 were grown in Muller Hinton (MH) agar (Himedia, India) overnight at 37 ºC. 

Bacterial suspensions used in the assays were prepared in sterile 0.9% NaCl at optical 

density at 600 nm (OD600) of 0.150 (corresponding to a concentration of 3x108 UFC/mL 

and 1 McFarland scale). PH100 stock solutions were prepared in DMSO (Sigma-Aldrich, 

USA). As routine of the laboratory the quality control of the strains were performed by 

disk diffusion following procedures and interpretation criteria indicated by CLSI. 

Particularly in this case, we used the gram-positive reference bacteria S. aureus ATCC 

25923 and all parameters fitted with CLSI (2018).

Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) 

determination
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The MIC was evaluated as described by Trentin et al. (2013) with slight 

modifications. Final concentrations ranging from 5 to 400 µM of PH100 were evaluated in 

96-well microtiter plates (Costar 3599, Corning, Inc., USA). Each well was inoculated with 

80 µL of bacterial suspension, 40 µL of TSB (Oxoid Ltd., England) (supplemented with 

1% glucose for S. aureus), 76 µL of deionized water and 4 µL of PH100 in DMSO. Wells 

without addition of bacteria were used as negative controls. The plates were incubated 

statically at 37 ºC for 24 h, and bacterial growth was evaluated by measuring turbidity at 

600 nm. MIC values were reported as the lowest concentration of PH100 at which no 

increase in OD600 measure was observed after 24 h incubation. The MBC was 

determined by dropping 10 µL of bacterial culture from wells with concentrations greater 

or equal to the MIC value on MH agar plates. The agar plates were incubated overnight 

at 37 °C and MBC was defined as the concentration at which no bacterial colony growth 

was observed after 24 h incubation.

Antibacterial activity kinetics

The effect of PH100 on bacterial growth was evaluated at MIC and at 

concentrations below and above the MIC. The assay was prepared as described for MIC 

determination. OD600 was measured at 0, 1, 2, 4, 6, 9, 12, 24, 36 and 48 hours of 

incubation at 37 °C. Controls were prepared with DMSO replacing PH100 treatment. 

Vancomycin (8 µg/ mL) was used as bactericide control.

Biofilm formation assay

The antibiofilm activity of PH100 was evaluated using the crystal violet assay 

adapted from Trentin et al. (2011). Briefly, 40 µL of TSB (supplemented with 1% glucose 

for S. aureus), 80 µL of bacterial suspension, 76 µL of deionized water and 4 µL of 

PH100 in DMSO at various concentrations were added to 96-well microtiter plates and 

incubated for 24 h at 37 ºC. After the incubation period, the wells were washed 3 times 

with sterile saline, heat-fixed at 60 ºC for 1 hour, and stained with 0.4% crystal violet for 

15 minutes. The plates were washed, the remaining dye were solubilized with 99% 

ethanol and the absorbance was measured at 570 nm. PH100 was tested at final 

concentrations ranging from 5 to 50 µM, and it was replaced by DMSO in the untreated 

control, which represented 100% biofilm formation.A
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Scanning electron microscopy (SEM)

Biofilms of S. aureus ATCC 25904 and S. epidermidis ATCC 35984 were formed 

on pieces of PermanoxTM slide (Nalge Nunc International, USA) placedin 96-well 

microtiter plates, in the same conditions as described for biofilm formation assays. After 

24 h incubation at 37 ºC, the PermanoxTM pieces were washed with sterile saline and 

fixed with 2.5% glutaraldehyde. The samples were prepared for analysis by washing with 

100 mM cacodylate buffer (pH 7.2), dehydrating in increasing concentrations of acetone 

(10%, 30%, 50%, 70%, 90% and 100%), and drying using the CO2 critical point 

technique. The PermanoxTM pieces were fixed in aluminum stubs, covered with gold film, 

and visualized in a JEOL JSM-6060 scanning electron microscope at 5 kV. Sub-inhibitory 

concentrations of PH100 (15µM and 20µM for S. aureus and S. epidermidis, respectively) 

were evaluated, and untreated samples were used as controls for biofilm formation.

PH100 coated-surface

The coating surface protocol was adapted from Trentin et al. (2015). Briefly, 300 

µL of a 4.0 mg ml-1 P100 solution in 70% aqueous acetone (Merk, Germany) was spin 

coated on pieces of PermanoxTM slide (30 x 25 mm²) first with a 500 rpm (5 s) cycle and 

then accelerated to 5000 rpm for 40 s in a spin coater (Laurell Model WS-650MZ-

23NPP/LITE). After this step, the pieces were heat-treated at 80°C for 2 h to fix the 

compound and remove solvent excess. The slides were sterilized with UV light during 

20 minutes, cut in 10 x 25 mm² coated pieces and then washed 10 times with sterile 

saline to analyze compound adhesion. As control, Permanox slides were spin coated 

with 300 µL of 70% acetone solution and submitted to the same procedures as 

described above. Samples were then analyzed to evaluate biofilm growth by SEM as 

described at 2.6 section.

Hemolysis assay

Human venous blood (Universidade Federal do Rio Grande do Sul Ethics 

Committee under number 1.202.565) was collected in tubes containing EDTA, and 

centrifuged at 1200 g for 10 min. The supernatant was discarded; the erythrocytes were 

washed three times with 10 mM phosphate buffer saline (pH 7.4/ 0.9% NaCl) and A
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resuspended in the same buffer at 3% hematocrit. For hemolytic assay, 500 µL of 

erythrocytes suspension, 480 µL of PBS and 20 µL of PH100 (final concentration ranging 

from 10 to 50 µM) were incubated for 1 h at 37 ºC. The negative control (NC) was 

prepared replacing treatment by DMSO, and 1% Triton X-100 was used for positive 

control (PC). The supernatants were collected by centrifugation at 3000 rpm for 5 min, 

and their hemoglobin content were assessed spectrophotometrically at 540 nm. The 

percentage of hemolysis was calculated as follows: %Hemolysis= Abs Treatment ×100/ 

Abs PC – Abs NC

In vivo toxicity in Galleria mellonella larvae

For toxicity assay, groups of ten larvae of G. mellonella in the final instar larval 

stage weighing 225–275 mg were used. Larvae were injected using a 10 µL Hamilton 

syringe via the last right proleg with 500 mg/kg of PH100 diluted in 1 µL DMSO. As a 

control of vehicle, a group of larvae received 1 µL DMSO. The larvae were incubated at 

37 °C for 5 days and daily the survival was recorded as response to touch stimuli.

Statistical analysis

These assays were performed at least in triplicate. Data were analyzed using the 

software GraphPad Prism version 6.01 by two-tailed t test comparing with the untreated 

controls. A p < 0.01 was considered statistically significant and the results are expressed 

as mean ± standard deviation. Statistical significance in G. mellonella survival analyses 

was determined by the log-rank test (GraphPad Prism 6.01).
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