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Abstract: Objective: The current study aimed to manufacture a hybrid nano-antibiotic from the 

antibiotic Cephalexin to enhance its efficacy against the antibiotic-resistant bacteria Staphylococcus 

hominis. Methods: Direct ion exchange between the zinc oxide (ZnO) and cephalexin (CEPH) 

layers was used to create a hybrid antibiotic known as Cephalexin-ZnO. Atomic force microscopy 

(AFM), scanning electron microscopy (SEM), FT-IR spectroscopy, X-ray diffraction (XRD), and 

CHNS elemental analysis were used to identify the novel nanobiotic. The study examined the 

hybrid nanocellulose cephalexin's antibacterial activity against Staphylococcus hominis bacteria 

that were isolated from the blood of a patient who had been diagnosed with sepsis using the Vitek 2 

device. Results: The sensitivity test results in the Vitek 2 device for the bacteria Staphylococcus 

hominis showed that it is resistant to the antibiotic Cephalexin. FTIR infrared spectroscopy, XRD 

X-ray diffraction, AFM atomic force microscopy, and SEM scanning electron microscopy indicated 

the successful loading of this antibiotic into ZnO layers, with a loading percentage reaching 36.88% 

according to CHNS elemental analysis results. Additionally, With inhibition zone diameters of 0, 0, 

2.63, 12.1, 18.67, and 26.71 mm against the used bacteria at the following concentrations (0, 10, 20, 

40, 80, 160) mg/ml, the hybrid nanocomposite demonstrated superior inhibitory activity against the 

resistant bacteria in comparison to the free antibiotic. For the same concentrations, the inhibition 

zone diameters for the free antibiotic were 0, 0, 0, 10.3, 15.04, and 21.58 mm. Conclusion: It can 

be concluded from the current study that the antibiotic Cephalexin was successfully loaded into zinc 

oxide layers and a hybrid nanocomposite was fabricated, which has been shown to improve its 

antibacterial efficacy against resistant bacteria. 

Key points: Staphylococcus hominis, Cephalexin, resistant bacteria, hybrid nanobiotic. 

 

 

Introduction 

The strictest definition of bacteremia is the presence of live bacteria in the blood. Asymptomatic 

bacteremia can happen after minor medical procedures and during regular dental hygiene. These 

benign infections are clinically temporary and do not cause long-term harm to a healthy 

individual.Bacteremia, on the other hand, is a bloodstream infection that can progress into several 

clinical spectra and is differentiated from sepsis when immune response systems malfunction or are 

overloaded [1]. If left untreated, clinically significant bacteremia progresses to sepsis, multiple 

organ dysfunction syndrome (MODS), sepsis, and systemic inflammatory response syndrome 

(SIRS) [2,3]. 

Since antibiotics are among the most widely used medications worldwide to treat diseases brought 

on by harmful bacteria, their significance to global health cannot be overstated. The long-term 

efficacy of antibiotics is threatened by resistance. The overuse and overuse of antibiotics is the 

primary source of antibiotic resistance [4.] More than 700,000 instances are thought to be killed by 

antimicrobial resistance (AMR) each year globally [5], and this issue is becoming more and more of 

a global concern. All resistance to antimicrobial agents is collectively referred to as "antimicrobial 

resistance." Traditional therapies are less successful and take longer to finish because of antibiotic 
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resistance, which raises the risk of disease transmission One of the primary causes of antibiotic 

resistance is human misuse of antibiotics [6,7]. 

A first-generation cephalosporin antibiotic, cephalexin has been chosen as a prototype medicine 

candidate due to its enhanced stability, palatability, and attractiveness for youngsters. It is also 

affordable and simple to use. Cephalosporins are commonly used to treat skin infections due to their 

wide range of action and safety against both gram-positive and gram-negative bacteria. Cephalexin 

is also a reasonable first-line treatment for joint infections and cellulitis. It is believed to be an 

excellent alternative to penicillin hypersensitivity and safe for those with penicillin allergies. but 

care should always be taken because cephalexin and other first-generation cephalosporins are 

known to have a slight cross-reactivity in patients with penicillin hypersensitivity. Furthermore, 

beta-hemolytic streptococci-induced throat infections can be effectively treated with cephalexin. 

Cephalexin functions by preventing the bacterial cell wall from forming, which causes it to burst 

and kill the bacteria. Cephalexin is a zwitterion, meaning it has both an acidic and a basic group. Its 

isoelectric point in water is between 4.5 and 5. Eighty percent of cephalexin is eliminated unaltered 

in the urine after six hours of intake due to its favorable pharmacokinetics, which enable it to be 

effectively absorbed. 

The kidneys eliminate cephalexin, which has a half-life of 0.5–1.2 hours. Otitis media, cellulitis, 

pneumonia, bone and joint infections, streptococcal pharyngitis, and urinary tract infections are 

among the illnesses that it is used to treat [8]. 

Gram-positive cocci in clusters make up the non-pathogenic human staphylococci, which belong to 

the Staphylococcus genus. It is known to produce thiol alcohol molecules that contribute to body 

odor and is frequently found on human and animal skin as a harmless commensal. Similar to several 

other coagulase-negative staphylococci, S. hominis can sporadically infect people with weakened 

immune systems, such as those resulting from chemotherapy or disease [9]. 

Human coagulase-negative staphylococci (S. hominis) are commonly recognized as contaminants in 

blood cultures as part of the natural skin flora, but in rare cases, they may also cause native valve 

endocarditis (NVE) with septic phenomena. Its predominance as a contaminant, along with its less 

virulent characteristics compared to the more common infectious agents of endocarditis, makes S. 

hominis infections difficult to diagnose [10]. 

Nanotechnology is the science and technology that focuses on the precise adaptation of the structure 

of matter at the molecular level, meaning the adaptation of materials to reach a very small scale, 

which is the nanoscale. This results in a change in the size of the material, causing the behavior of 

the atoms and molecules of the material to change and exhibit different properties compared to 

larger materials, leading to new uses and applications for these materials [11]. Since the nanoscale 

scale is the most precise metric unit of measurement, it is given the name "nanotechnology" [12], 

and the word "nano" is the Greek word for "dwarf," often referring to materials with diameters 

between 1 and 100 nanometers [11].Applying nanotechnology to create and find ways to transport 

drugs and medicinal materials, as well as to reduce their sizes to the nanoscale, in order to improve 

their pharmacological properties—particularly in the treatment of diseases—is known as 

nanopharmaceutics [13].Thus, the purpose of this work was to try to construct the antibiotic 

Cephalexin, which has demonstrated resistance by Staphylococcus hominis bacteria, using 

nanotechnology. The hybrid nano-antibiotic was prepared, and its antimicrobial efficiency was 

tested to ascertain its effectiveness. 

Materials and Methods 

The bacterial sample: This study was conducted from January to April 2024, during which the 

bacterial isolate Staphylococcus hominis was obtained from the laboratories of Al-Husseini 

Hospital in Karbala after being diagnosed using the Vitek 2 system. 
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Preparation of the hybrid nano cephalexin (Cephalexin Nano hybrid): 

The hybrid antibiotic was prepared using the method of Kolekar et al. (2011) [14] as follows: 

Solution of cephalexin: 0.5 g of cephalexin was dissolved in 50% ethanol to create this solution, 

and once the dissolution process was finished, more ethanol was added to get the volume up to 50 

ml. Solution of zinc oxide (ZnO):This solution was made by dissolving one gram of zinc oxide in 

fifty percent ethanol. Once the dissolution process was finished, ethanol was also used to modify 

the volume to fifty milliliters. Creating the hybrid nanocomposite using cephalexin and zinc oxide 

layers Gel Sol, an ion exchange technique: In accordance with the previously employed methods 

credited to Kolekar [14]. 

Solution of zinc oxide ZnO: To make this solution, 1 gram of zinc oxide was dissolved in 50% 

ethanol. Once the dissolution process was finished, ethanol was also used to increase the volume to 

50 ml. Using the cephalexin ion exchange technique to manufacture the hybrid nanocomposite from 

zinc oxide layers Gel Sol: Using methods that were previously employed and credited to Kolekar 

[14]. 

Nutrient agar preparation 

1. In an appropriately sized glass beaker with 1000 milliliters of deionized water (DDW), 28 

grams of the medium powder are added in accordance with the manufacturer's instructions. 

2. To fully dissolve the medium, the mixture is then brought to a boil. 

3. After that, the dissolved medium is autoclaved for 15 minutes at a pressure of 15 pounds (121 

degrees Celsius) to sterilize it. 

4. The flask is taken out and allowed to cool to around 40 degrees when the sterilizing procedure is 

finished. 

45°C. 

5. Next, in sterile circumstances, the sterile medium is transferred onto sterile Petri plates. 

6. The cast plates can be put in a low-temperature hot air oven once they have solidified. for a few 

minutes to remove any moisture present on the plates before use. 

Preparation of the required concentrations and Petri dishes 

1. We prepare 36 plates, 18 of which are for testing the hybrid nanocloxacillin antibiotic, and 18 of 

which are for free cephalexin.  

2. Label each plate for the free antibiotic and the hybrid nano-antibiotic according to the following 

concentrations: (0, 10, 20, 40, 80, 160) mg/ml, with three replicates for each concentration. 

3. Make holes in the center of all Petri dishes using a cork borer with a diameter of 5 mm. 

4. We prepare 12 test tubes to prepare the required concentrations of the antibodies mentioned in 

point 2, including 6 for the free antibody and 6 for the hybrid nanobody, as shown in Table 1. 

Stock solution preparation: 1.6 grams of each antibiotic were weighed separately and put in 

different test tubes to create the stock solutions for free cephalexin and hybrid nano cephalexin. The 

stock solution, which will be utilized in the next procedures to generate the concentrations 

employed in this investigation, had a concentration of 160 mg/ml after 10 ml of distilled water was 

added. 

Preparation of free and hybrid nano cefalexin concentrations: In accordance with the 

methodology, the concentrations utilized in this investigation for free cephalexin and cephalexin 

nano hybrid were made independently.according to Table 1.  
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Table 1: Preparation of the antibiotic Cephalexin's free and hybrid nano concentrations 

 

Description of the hybrid nanobiotic: 

Several techniques, such as Fourier-transform infrared spectroscopy (FT-IR), X-ray diffraction 

(XRD), atomic force microscopy (AFM), accurate measurement of C, H, N, and S elements, and 

scanning electron microscopy (SEM), were used to describe the hybrid nanobiotic under 

investigation.  

1. FT-IR: By creating a disc of the compound under investigation using potassium bromide (KBr) 

and finely grinding it, the infrared spectrum of both the hybrid nanocloxacillin and free 

cloxacillin, as well as zinc oxide (ZnO), was assessed. The infrared spectrum was measured 

within the wave range of 400–4000 cm^-1. 

2. X-ray diffraction (XRD): The hybrid nanocelphalosporin was described using the diffraction 

spectrum.  

Using Bragg's rule (nλ = 2dSinθ), the XRD illustrates the variation in layer thickness before and 

after the antibiotic cephalexin impregnation procedure.  

3. Atomic Force Microscope (AFM): AFM was used to analyze hybrid nanocloxacillin samples in 

order to assess the diameters, sizes, and aggregation of nanoparticles.  

4. Analysis of CHNS Elements: The proportions of C, H, N, and S in free and hybrid nanocapsule 

cephalexin were examined.  

5. The exterior surface of cefalexin nanoparticles and free ZnO layers are also examined using a 

scanning electron microscope (SEM). 

Measuring the antibacterial efficacy of free and hybrid nano Cephalexin:  

The effectiveness of the free and hybrid nano cefalexin antibiotics was examined using the 

methodology outlined by El-Rabi [15], as explained below:  

Healthy broth Broth with nutrients: Following the manufacturer's recommendations, 13 grams of 

the medium were weighed, dissolved in one liter of distilled water, and sterilized for fifteen minutes 

to create the nutritional broth. The bacteria were activated using this media.  

In the center of Muller Hinton Steel is Muller Hinton Agar.  

To produce this medium, 38 grams of the medium were weighed, dissolved in one liter of distilled 

water, and then sterilized for 15 minutes. The antibacterial activity of free and hybrid nanocellulose 

cephalexin against the Staphylococcus hominis bacterium was examined using these medium. 

Bacterial activation: 

Staphylococcus hominis was activated in nutrient broth for one hour before 

Using it to pollinate agricultural crops. 
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Measuring antimicrobial efficacy: 

After activating the bacteria, three wells (5 mm in diameter) were made in each plate (Muller 

Hinton agar), and 80 microliters of antibiotic concentration were added to each well. Then, 50 

microliters of the activated bacterial suspension were spread on each plate, and the plates were 

incubated at 37 degrees Celsius for one day. The diameter of the inhibition zone around the wells 

was then observed and measured using a ruler. 

Statistical analysis: 

The results were statistically analyzed using the t-test for comparing two means and the one-way 

ANOVA test at a significance level of 0.05, using the SPSS program. Version 22. 

Results and Discussion 

Characterization of the hybrid nanobiotic 

FTIR infrared spectrum: 

The FT-IR spectrum of zinc oxide (ZnO) showed distinctive frequencies at 4000-400 cm-1, which 

are attributed to the vibration of the Zn-O metal bond, as zinc oxide is an inorganic oxide, as shown 

in Figure 1 [16] 

 

Figure 1: FTIR analysis of zinc oxide ZnO 

The structure of cephalexin can be confirmed from the FTIR spectrum in Figure 2 and as shown 

below: 

1. The appearance of bands at frequencies 3498 and 3271 cm-1 indicates the presence of NH2, 

NH, OH (very broad band due to hydrogen bonding). 

2. The appearance of the band at the frequency of 3051 cm-1 indicates the presence of the 

aromatic CH double bond.(CH=aromatic), as well as the appearance of bands at frequencies 

1454 and 1593 cm-1 due to the double bond between carbon atoms (C=C) in the benzene ring. 

3. The appearance of a band at the frequency of 2929 cm-1 (which is a stretching band) indicates 

the presence of (Methyl group CH3). 

4. The sharp strong bands at frequencies 1693 and 1759 cm-1 indicate the presence of two 

carbonyl groups (C = O), one belonging to the β-lactam ring and the other to the ring [17] 

(Thiazolidine ring)  
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Figure 2: FTIR analysis of free cephalexin 

It is evident from Figure 3 of the hybrid nanoantibody that the formation of the hybrid nanoantibody 

was successful.Cephalexin-zinc oxide) and it seems that all the characteristic peaks of cephalexin 

were retained, in addition to the appearance of a spectral difference in the fingerprint region that 

appears at the peaks.For frequencies from 1500 – 400 cm-1, which are considered a distinctive 

region for both the free compound and the hybrid nanocomposite, this confirms the formation of a 

new compound that differs from free cephalexin. [17]. 

 

Figure 3: FTIR analysis of the hybrid nanocaphalexin antibiotic Cephalexin Nanohybrid 

The X-ray diffraction spectrum (XRD) of zinc oxide (ZnO) is displayed in Figure 4 along with the 

crystalline levels (003), (006), and (009). With a crystal distance of 0.4150 nanometers, the (003) 

level appears at an angle of 31.6º, while the (006) level appears at an angle of 34.36º with a crystal 

distance of 0.4226 nanometers. At a crystal distance of 0.4265 nanometers at an angle of 36.12º, the 

(009) level is visible. The hybrid nanocapsule of the Cephalexin nanoparticles' X-ray diffraction 

spectrum, shown in Figure 5, shows the diffraction of the (003) plane at an angle of 31.46º and a 

crystalline distance of 0.3542 nanometers. With a crystalline distance of 2453.0 nanometers and an 

angle of 34.132º, the (006) plane is visible, while the (009) plane is visible at an angle of 35.9213º 

and a crystalline distance of 0.4133 nanometers. 

 

Figure 4: X-ray diffraction (XRD) pattern of zinc oxide (ZnO) 
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Figure 5: X-ray diffraction (XRD) spectrum of the hybrid nanocaphalexin Cephalexin 

Nanohybrid 

Scanning Electron Microscope (SEM): Figure 6 shows a scanning electron microscope image of 

ZnO oxide layers, with plate-like structures having few pores and irregular shapes and sizes of 

262.21 nanometers [16]. As for figures 7, they show a scanning electron microscope image of the 

hybrid nanocapsule Cephalexin, where rough and irregular surfaces appeared in the hybrid 

nanocapsule powder with diameters of approximately 80.82 nanometers [17]. 

 

 

Figure 6: SEM analysis of ZnO oxide layers at 100, 200, 500 nanometers, and 1 micrometer 
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Figure 7: Scanning Electron Microscopy (SEM) analysis of the hybrid nanocapsule 

Cephalexin at 100, 200, and 500 nanometers. and 1 micrometer 

Atomic Force Microscope (AFM): 

AFM was used to examine the Nanohybrid-Cephalexin's exterior. The hybrid nanocapsule 

Cephalexin's quasi-spherical forms are shown in two dimensions in Figure 8. With a molecular 

aggregate height of 8.78 nanometers, the figure also shows a three-dimensional picture of the hybrid 

nanobiotic's surface section, demonstrating the effectiveness of the preparation process. 
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Figure 8: Two-dimensional and three-dimensional dimensions under an AFM atomic force 

microscope for the hybrid nanocloxacillin. 

Cephalexin Nanhybrid 

 

Figure 9: AFM analysis of the threshold detection of Cephalexin Nanohybrid 
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Figure 10: Roughness analysis under an Atomic Force Microscope (AFM) for the hybrid 

nanocapsule Cephalexin Nanhybrid 

Table 2: CHNS elemental analysis of hybrid and free Cephalexin nanoparticles. 

 

From the results indicated in Table 2, the percentage of the Cephalexin antibiotic loaded with zinc 

oxide layers was 36.88%. This result indicates that the use of hybrid nanocapsulated Cephalexin is 

successful or beneficial as a treatment, which showed from the carbon content that 36.88% of the 

Cephalexin is present in the hybrid nanocapsule, and despite this percentage, it remains highly 

active during testing. Bacteria can also cause fewer side effects in this study by increasing the 

delivery of hybrid nanocapsule Cephalexin inside the cells similarly [18]. 

The inhibitory efficacy of hybrid and free nano-Cephalexin against Staphylococcus hominis 

bacteria.The results in Table 3 showed statistically significant differences (P ≤0.0071) in diameters. 

Inhibition zone when using free Cephalosporin against Staphylococcus bacteria hominis at 

concentrations of 40, 80, and 160 mg/ml compared to the control, however, the concentrations of 10 

and 20 mg/ml did not show any significant effect. Furthermore, increasing the concentration led to 

an increase in the inhibition diameter. The diameters of the inhibition zones for the free antibiotic 

(0, 0, 0, 10.3, 15.04, 21.58) mm for the concentrations (0, 10, 20, 40, 80, 160) mg/ml. When using 

the hybrid nanomedicine Cephalexin, which was manufactured using the ZnO layer method, there 

were significant differences in the diameters of the inhibition zones of the hybrid nanomedicine 
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against the bacteria used, with a significance level of 0.0003 (P≤ 0.01) in all concentrations used 

compared to the control concentration. Where the diameters of the inhibition zones were (0, 0, 2.63, 

12.1, 18.67, 26.71) mm for the following concentrations (0, 10, 20, 40, 80, 160) mg/ml. 

Through the statistical comparisons between the inhibition diameters of the hybrid nano-antibiotic 

and the free antibiotic for each concentration individually, the results of the statistical analysis in 

Table 3 showed that there are significant differences between the inhibition diameters for the 

concentrations (20, 40, 80, 160) mg/ml, with significance levels of (0.0000, 0.0421, 0.0375, 0.0304) 

for the concentrations, respectively. It is worth noting the superiority of the hybrid nanobiotic in its 

inhibitory efficacy compared to the inhibitory efficacy of the free antibiotic, considering that the 

loading ratio of the antibiotic in the hybrid nanobiotic was 88.36%, which provided a higher 

inhibitory effect than the free antibiotic. 

Table 3: The inhibitory efficacy of free and hybrid Cephalexin against Staphylococcus 

hominis bacteria 

 

The mean ± standard deviation is shown by the numbers in the table. * At the 0.01 significance 

level, the presence of significant differences is shown.  

Cephalexin continues to be a very useful and successful antibiotic for treating skin infections 

brought on by staphylococci and streptococci. Healing rates of 90% or more are still being attained, 

and twelve years of experience has not lessened its efficacy.  

Its bioavailability is guaranteed by its uniform absorption and resistance to stomach acid 

destruction, and its effectiveness at a twice-daily dosage improves drug compliance. Young children 

tolerate the suspension formulation well, and side effects are uncommon and usually moderate. 

When it comes to treating streptococcal and staphylococcal infections, cephalexin works similarly 

to erythromycin, clindamycin, dicloxacillin, cloxacillin, and other cephalosporins. Cost 

considerations may be crucial when selecting one of these antibiotics over another because many of 

them have comparable effectiveness, palatability, and adverse reaction profiles. The recommended 

drug for streptococcal skin infections is still penicillin. In the future, cephalexin and other 

alternative antibiotics could be used more often in the first treatment of mixed streptococcal and 

staphylococcal lesions if the healing rates of these infections continue to decrease when treated with 

penicillin [19]. 

Conclusions: Based on the results of the current study, the following conclusions can be drawn: 

1. The successful loading of the antibiotic Cephalexin between layers of zinc oxide ZnO. 

2. The loading percentage of the antibiotic in the hybrid nanocomposite was 36.88%. 

3. The antimicrobial efficacy of the hybrid nanocapsule Cephalexin against bacteria It was high 

Staphylococcus hominis. 
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