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ABSTRACT 

Introduction: The current research aims to formulate lipid nanoparticles (LNs) to enhance the 

bioavailability and antimicrobial efficacy of Cefuroxime axetil (CA). 

Material and methods: Cefuroxime axetil-loaded lipid nanoparticles were fabricated utilizing the 

hot homogenization process and characterized for particle size (335.11 ± 25.40 nm), zeta potential 

(-30.64 ± 3.58), encapsulation efficiency (86.02 ± 2.73), surface morphology, and in vitro drug 

release. 

Results: Characterization was performed via differential scanning calorimetry, and infrared 

spectroscopy confirmed successful encapsulation of CA within the lipid matrix. Optimized 

formulation showed smooth and spherical morphology, with sustained drug release for 24 h. 

Discussion: in-vitro antibiofilm activity showed higher efficacy of CA-LNs, achieving biofilm 

eradication at lower concentrations (35 µg/ml against E. coli) compared to free CA (130 µg/ml 

against E. coli), as verified by SEM imaging.  

Conclusion: Conclusively, CA-LNs provide a promising delivery system for enhancement of oral 

bioavailability and therapeutic efficacy of CA in the treatment of intracellular infections. 

Keywords: Nanostructures, biofilm, encapsulation efficiency, drug delivery, anti-microbial, lipid 

carriers. 
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1. Introduction 

Biofilm-forming pathogens, such as Staphylococcus aureus, Haemophilusinfluenzae, 

Streptococcus pneumoniae, and Enterobacteriaceae, are extensively involved in nosocomial 

infections. These biofilms contain bacteria that remain embedded in an exopolysaccharide 

matrix, resulting in 1000-fold greater antibiotic resistance in comparison to their planktonic state. 
1-4 This antibiotic resistance enhances the burden on healthcare systems, thus affecting the quality 

of life of patients. According to the current scenario, bacterial co-infections associated with 

severe SARS-CoV-2 pneumonia, particularly in ICU patients, has further enhanced this 

challenge, affecting airways and lung structures. 5-8 Thus, there is an urgent requirement for 

innovative microbial therapies to treat biofilm-associated infections. Literature survey revealed 

cephalosporin antibiotics efficacy for in-vitro and in-vivo antibiofilm activity, as alone as well 

as for combination therapies. 9,10 

Cefuroxime axetil, a cephalosporoin antibiotic is effectively used as drug of choice for lower 

respiratory tract infections due to its stability in acidic milieu of stomach.11 Limitations 

associated with cefuroxime axetil such as lower aqueous solubility, systemic bioavailability, 

extensive first pass metabolism and higher dose frequency due to lower half-life (3-5 h) limits 

its therapeutic efficacy in biofilm intracellular infections. 12 Some conventional formulations are 

available such as, tablets and suspensions, that shows limited efficacy for enhancement of 

palatability, bioavailability, therapeutic efficacy and reducing hepatotoxicity of drug. 13 

Various advances in nanotechnology field facilitate promising solutions for enhanced efficacious 

oral drug delivery systems. Among them, lipid nanoparticles (LNs), composed of lipids like 

waxes, fatty acids, and glycerides that solidifies at room temperature, offers many benefits, 

including enhanced bioavailability, stability, drug payload and their commercial scalability. 14, 

15  

The size and excipient composition of nanostructured lipid carriers enables lymphatic uptake 

through paracellular and transcellular pathways, bypassing portal circulation and reducing first-

pass metabolism. 16-18 Moreover, lipophilicity of nanostructured lipid carriers enables direct 

interaction with complex structure of biofilm inhibiting various stages of biofilm formation. 19-

21 LNs in lyophilized form can be encapsulated into capsules, pellets or tablets for practical 

utilization. 

The current study is focused to develop cefuroxime axetil-loaded lipid nanoparticles (CA-LNs) 

utilizing the hot homogenization method. Formulation optimization was performed on the basis 

of formulation variables andprocess variables including particle size, zeta potential, 

polydispersity index (PDI) and encapsulation efficiency to achieve optimized formulation. The 

optimized formulation was further characterized for morphology, in-vitro drug release, and 

solid- phase properties. Moreover, the in-vitro antimicrobial activity against Escherichia coliwas 

evaluated to assess the therapeutic potential of the formulation. 

2. Materials and methods 
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2.1 Materials 

Cefuroxime axetil was supplied as a gift sample by Ranbaxy Laboratories Ltd., New Delhi, India. 

Pluronic F-68 (PF-68), soya lecithin, stearic acid, Compritol 888 ATO, and dialysis membranes 

were procured from HiMedia (Mumbai, India). HPLC-grade water, acetonitrile, and Tween 80 

were obtained from Merck, Germany. IL-6 and TNF-α kits were sourced from BD Biosciences 

(Minneapolis, MN). All the received materials were used as such without any further purification 

and distilled water was utilized throughout the study. 

2.1.1 Development of cefuroxime axetil-loaded lipid nanoparticles (CA-LNs) 

Cefuroxime axetil-loaded lipid nanoparticles were fabricated, using modified hot 

homogenization method. For the process, Compritol 888 ATO, stearic acid and soya lecithin 

were melted at 5-10 °C above their melting points and mixed to form the lipid phase. Drug was 

dissolved in the melted lipid to formate the oil phase. Alongside, an aqueous phase was prepared 

by dissolvingPluronic F-68 (0.5% w/v) in water and heating to 70 ± 2 °C.Further, oil phase was 

then added further to the aqueous phase and emulsified by homogenization process at 125,000 

rpm for 20 minutes. Emulsion was cooled after that along with stirring.Carrying forward the 

process, dispersion was centrifuged at 25,000 rpm at 4°C for 20 minutes to attain the collected 

nanoparticle pellet, which was then redispersed in distilled water consisting 10% w/vmannitol 

as a cryoprotectant. The resultant dispersion was frozen at -60 °C overnight and lyophilized at -

55 °C under 0.07 bar pressure for 48 hours to achieve fine, dry CA-LNs. Various batches were 

prepared to optimize formulation and process variables, as detailed in Table 1. 

Table 1: Optimization table with process and excipients variables. 
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2.1.2 Characterization of CA-LNs 

Optimized CA-LNs in lyophilized form were characterized for particle size, polydispersity index 

(PDI), and zeta potential using photon correlation spectroscopy (Nano ZS, Malvern, UK). Test 

samples were dispersed in distilled water and further ultrasonicated for 30 seconds prior to 

testing.  
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F1 50 150 50 0.50 - - 20 1000 20 2 30 

F2 50 125 75 0.50 - - 20 1000 20 2 30 

F3 50 50 150 0.50 - - 20 1000 20 2 30 

F4 50 75 125 0.50 - - 20 1000 20 2 30 

F5 50 100 100 0.50 - - 20 1000 20 2 30 

F6 50 100 100 - - 0.50 20 1000 20 2 30 

F7 50 100 100 - 0.50 - 20 1000 20 2 30 

F8 50 100 100 0.50 - - 20 1000 20 2 40 

F9 50 100 100 0.50 - - 20 1000 20 2 50 

F10 50 100 100 0.50 - - 10 1000 20 2 30 

F11 50 100 100 0.50 - - 30 1000 20 2 30 

F12 50 100 100 0.10 - - 20 1000 20 2 30 

F13 50 100 100 0.30 - - 20 1000 20 2 30 

F14 50 100 100 1.00 - - 20 1000 20 2 30 

F15 50 100 100 0.50 - - 20 700 20 2 30 

F16 50 100 100 0.50 - - 20 1300 20 2 30 

F17 50 100 100 0.50 - - 20 1000 10 2 30 

F18 50 100 100 0.50 - - 20 1000 30 2 30 

F19 50 100 100 0.50 - - 20 1000 20 2 30 

F20 50 100 100 0.50 - - 20 1000 20 0.5 30 

F21 50 100 100 0.50 - - 20 1000 20 1 30 

F22 50 100 100 0.50 - - 20 1000 20 3 30 
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Encapsulation efficiency was determined by determining the unencapsulated drug in the 

supernatant, obtained after centrifuging the CA-LNs dispersionat 25,000 rpm at 4°C for 20 

minutes, using a UV/Visible spectrophotometer at 207 nm. Entrapment efficiency was calculated 

by using equation: 

Entrapment efficiency (%) = (Total amount of drug –Free drug in supernatant) / Total 

amount of drug ×100 

Further, surface morphology of the drug, physical mixture of the drug and formulation 

excipients, as well as the optimized CA-LNs, was examined using a field emission scanning 

electron microscope (MIRA3 TESCAN). Samples were placed to aluminum stubs with double-

sided adhesive tape and sputter-coated with a gold-palladium alloy in an inert argon atmosphere 

prior capturing images at appropriate magnifications. 

2.1.3 Dissolution studies 

Optimized formulation was tested for in-vitro drug release in pH progressive media (HCl buffer 

pH 1.2 for 2 h followed by phosphate buffer pH 6.8) using modified dialysis bag diffusion 

method.  Optimized CA-LNs equivalent to 10 mg of cefuroxime axitel were dispersed in 2.5 ml 

distilled water filled in dialysis bag (12 – 14 kDa) and immersed in dissolution medium (200 ml) 

maintained at 37 ± 2 °C and 100 rpm.Sink condition were maintained throughout the in-vitro 

release by adding 0.1% w/v sodium lauryl sulfate. Aliquots (3ml) were withdrawn at 

predetermined time intervalupto 24 h and each withdrawn volume was successively replaced 

with equal volume of fresh buffer. Further, aliquots were centrifuged and resultant supernatants 

were collected for analysis of cefuroxime axetil content using UV/Visible spectrophotometer at 

281 nm.In vitro release data attained were plotted for various release kinetics models like zero 

order, first order, higuchi model and korsemeyer-peppas model to envisage the mechanism and 

kinetics of drug release. The best fit model was determined on the behalf of regression coefficient 

value. 

2.1.4 Stability studies 

For the determination of optimum storage conditions for CA-LNs, optimized lyophilized 

formulation was exposed to stability study according to guidelines of ICH for zone III and 

IV.Samples were stored in amber colored glass container screwed with caps under accelerated 

conditions (40 ± 2 °C/ 75 ± 5 % RH) for 6 months while for 12 months at room temperature (25 

± 2 °C/ 60 ± 5 % RH) and cool conditions (4 ± 2 °C/ 65 ± 5 % RH). Samples were withdrawn at 

an interval of 0, 1.5, 3, 6, 9 and 12 months for colloidal stability (particle size, PDI and zeta 

potential), entrapment efficiency and in-vitro release behavior of formulation. Lyophilized 

formulation was reconstituted with distilled water by vortexing before its evaluation. 22 
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2.1.5 In-vitro anti-microbial study 

The antimicrobial efficacy of the free drug and optimized CA-LNswas assessed against E. coli 

through antibacterial susceptibility testing and minimum inhibitory concentration (MIC) 

evaluation. Lyophilized bacterial test strains in the lag phase were cultivated in liquid nutrient 

broth and incubated at 37°C until the bacterial colony reached approximately 10^8 to 10^9 

colony-forming units (CFU). The bacterial inoculum was diluted with sterile saline solution to 

meet the 0.5 McFarland standards. 

Further, the antibacterial susceptibility test was performed utilizing the agar-well diffusion 

method (Sharma et al., 2016).  Concisely, sterile nutrient agar plates were arranged and 

aseptically bored to prepare wells (5 mm in diameter).  Cefuroxime axetil and CA-LNsconsisting 

drug equal to 50 μg/ml were aseptically applied in the repective wells, followed by the 

application of the corresponding bacterial culture (100 μl, 0.5 McFarland) utilizing a cotton 

swab. Further, the plates were then incubated for 24 hours at 37 °C. The sensitivity of the 

bacterial strain to cefuroxime axetil and CA-LNswas evaluated by measuring the zone of 

inhibition (ZOI). 22 

2.1.6 Determination of Minimum Inhibitory Concentration (MIC) 

Growth inhibition of E. coli was estimated at the required minimum concentration, i.e. minimum 

inhibitory concentration (MIC) of cefuroxime axetil and CA-LNsequivalent to 0.7, 0.8, 0.9, 1, 

2, 3, 4, 5, and 6 µg/ml were prepared. Concisely, sterile broth was inoculated with bacterial 

suspension (100 μl equivalent to the 0.5 McFarland standard), followed by the addition of 

various concentrations of the test samples. Further, all culture tubes were incubated at 37°C for 

24 hours and analyzed for turbidity at 600 nm for detection of any bacterial growth. During the 

study Phosphate buffer saline was used as control. 22 

 

2.1.7 Determination of minimum biofilm inhibitory concentration (MBIC) 

For determining the minimum biofilm inhibitory concentration, nutrient broth were inoculated 

with E.Coli, adjusted to 0.5 McFarland standards, and further incubated for 96 Hours at 37 °C 

to facilitate biofilm development. The broth was refreshed after 24 hrs, to eradicate non-adherent 

bacteria from the culture tubes. Moreover, biofilms that adhered to the walls and bottoms of the 

culture were rinsed with sterile distilled water two times for removal of any unattached bacteria. 

Following this, biofilm from the surfaces of the tubes was detached by adding 1 ml of sterile 

PBS, which was then subjected to sonication for 1 minute. The collected bacterial biofilms were 

treated with various concentrations of cefuroxime axetilor CA-LNs,corresponding to 30, 35, 40, 

45, 50, 100, 130, 135, and 140 µg/ml of cefuroxime axetil, for 24 hours at 37 °C. Subsequently, 

the treated biofilms were incubated in fresh nutrient broth. The presence of viable organisms in 
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the culture tubes was assessed by measuring turbidity at 600 nm. 22 The biofilm assay was 

conducted in triplicate for each sample. 

2.1.8 Statistical Analysis 

The data is presented as mean ± SD (n=3). Statistical analysis was performed using one-way 

ANOVA followed by Bonferroni’s multiple comparison test, utilizing GraphPad Prism version 

5.00 (GraphPad Software, California, USA). A p-value of less than 0.05 was deemed statistically 

significant in all studies. 

3. Results  

Table 2: Effect of variables on PDI, Zeta potential, Zeta size and entrapment efficiency. 
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F.code Particle size 

(nm) 

PDI Zeta 

Potential 

(mV) 

Entrapment 

Efficiency 

(%) 

F1 433.33± 

37.27 

0.412 ± 0.02  -16.7±       

8.08 

81.33± 1.83 

F2 402.66± 

23.86 

0.35 ± 0.02  -25.4± 4.08 77± 1.75 

F3 262.66± 

39.46 

0.18 ± 0.06  -17.7± 5.08 61± 2.26 

F4 308± 37.89 0.25± 0.03  -26.32± 1.31 74.5± 0.68 

F5 335.11± 

25.40 

0.302± 0.06  -30.64± 3.58 86.02± 2.73 

F6 124.6± 17.78 0.754± 0.12 -14.6± 3.70 72.04± 3.74 

F7 421.06± 41.2 0.875± 0.11  -27.11± 1.32 83.13± 1.06 

F8 357.33± 

34.07 

0.327± 0.07  -19.6± 8.08 77.85± 3.38 

F9 368.33±  

37.98 

0.387± 0.03  -18.3± 8.08 68.82± 2.41 

F10 165.46± 

25.01 

0.305± 0.02  -14.76± 4.38 75.80± 6.94 

F11 321.13± 

38.83 

0.413± 0.01  -21.63± 8.78 84.33± 1.17 

F12 357.21± 

8.08 

0.547± 

0.01 

 -18.91± 8.2 81.10±0.01 

F13 345.33± 

9.64 

0.491± 

0.01 

 -22.61± 8.6 81.97±0.02 

F14 303.02± 

7.04 

0.316± 0.12  -21.81± 8.03 72.11± 2.21 

F15 331.86± 

10.53 

0.292± 

0.02 

 -20.03± 8.9 86.11±0.51 

F16 473.66± 6.2 0.462± 

0.03 

 -19.63± 8.2 75.33±1.89 

F17 282.11± 

4.8 

0.182± 

0.06 

-17.7± 

7.1 

60.4± 

1.78 

F18 485.20± 

6.1 

0.413± 

0.12 

-20.82± 

6.5 

72.21± 

3.21 

F19 507.33± 0.557±  -17.94± 8.9 83.7± 
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3.1Formulation optimization 

The significant variation in particle size and entrapment efficiency was noted with changes in 

lipid concentration. The average particle size and entrapment efficiency, when adjusting the 

stearic acid to glycerylbehenate ratio, ranged from 262.66 ± 39.46 nm to 433.33 ± 37.27 nm and 

from 61 ± 2.26 % to 81.30 ± 2.73% (refer to Table 2). An increase in glycerylbehenate content 

corresponded with enhanced entrapment efficiency and particle size (see Table 2). Nevertheless, 

a further increase in glycerylbehenate content beyond 50 % w/w of the total lipid did not yield 

any improvement in cefuroxime axetil loading, indicating a saturation effect of glycerylbehenate. 

An additional rise in glycerylbehenate content resulted in an increase in both particle size and 

PDI values, while entrapment efficiency decreased (as shown in Table 2).  

Among the surfactants tested, pluronic F-68 produced smaller, uniformly dispersed particles 

(335.11 ± 25.40 nm) with a PDI of 0.302 ± 0.02 and a higher entrapment efficiency of 86.02 ± 

2.73%. An increase in pluronic F-68 concentration from 0.1 % to 0.5 % w/v resulted in a 

reduction in particle size and an enhancement in entrapment efficiency (refer to Table 2). 

However, a further increase in pluronic F-68 concentration to 1% w/v led to the formation of a 

nanostructured carrier system characterized by smaller size and reduced entrapment efficiency 

(see Table 2). The polydispersity index (PDI) for all batches prepared with varying surfactant 

concentrations and types followed a similar trend to that of particle size.  

When the drug to lipid ratio was varied from 1:25 to 1:12.5, an increase in encapsulation 

efficiency was observed. However, a further increase in the drug to lipid ratio to 1:8.33 resulted 

in a decrease in encapsulation efficiency due to a relatively smaller lipid proportion compared to 

the drug amount. This may have led to a higher diffusion of the drug into the continuous phase, 

thereby reducing encapsulation efficiency. An increase in the volume of the dispersion medium 

from 30 ml to 50 ml contributed to a decrease in entrapment efficiency, along with an increase 

in particle size and PDI (refer to Table 2). 

Furthermore, increasing the homogenization speed from 12,500 rpm to 15,000 rpm resulted in 

an increase in particle size from 331.10 ± 25.40 nm to 473.66 ± 6 nm, while also decreasing the 

percentage of drug entrapment (refer to Table 2). Extending the homogenization time from 7.5 

minutes to 20 minutes significantly reduced both particle size and polydispersity index (PDI), 

alongside enhancing encapsulation efficiency. However, a further increase to 30 minutes 

6.80 0.04 1.31 

F20 452.60± 

9.38 

0.413± 

0.01 

 -27.3±  

8.4 

84.73±2.45 

F21 544.33± 

5.03 

0.254± 

0.01 

-20.4± 

2.60 

47± 

0.84 

F22 435.33± 

37.27 

0.402 ± 0.02  -16.7±       

8.02 

82.34± 1.81 
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introduced higher shear stress, which led to accelerated particle aggregation by rendering the 

system thermodynamically unstable (see Table 2).  

Zeta potential, which quantitatively measures surface charge, plays a crucial role in determining 

the physical stability of the system. Batches prepared with various formulation and process 

parameters exhibited zeta potential values ranging from -14.7 ± 8.08 mV to -30.64 ± 3.58 mV. 

A zeta potential around ± 30 mV indicates a higher physical stability of the colloidal system.  

Consequently, the formulation of CA-LNs(F5) was developed using optimized parameters, 

including a ratio of compritol to stearic acid of 1:1, pluronic F-68 at 0.5% w/v as a surfactant, a 

homogenization speed of 12,500 rpm, a homogenization duration of 20 minutes, and a 

continuous phase volume of 50 ml.  

3.2 Solid state characterization  

 

Figure1: Fe-SEM microphotographs of drug and formulation (CA-LCs) 

A morphological analysis using Fe-SEM microphotographs revealed that cefuroxime axetil 

consists of oblong, cuboidal, cylindrical, and irregularly shaped particles with a varied size 

distribution. In contrast, CA-LNswere found to be homogeneous and spherical in shape, 

exhibiting a uniform size distribution. The surface of CA-LNsappeared smooth and free of cracks 

(Figure 1). 

3.3 Dissolution study 
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Figure 2:In-vitro release of drug (CA) and formulation (CA-LNs). 

The cumulative percentage of cefuroxime axetil released in-vitro from the optimized CA-LNs 

(F5) under bio-relevant conditions of the gastrointestinal tract exhibited an initial burst release, 

specifically 24% drug release within 2 hours, followed by a gradual release over 24 hours (Figure 

2). Additionally, the drug release mechanism and kinetics were assessed by applying the drug 

release data of CA-LNs to various release kinetic equations. The release data demonstrated the 

best fit with the Korseymeyer-Peppas equation, which was further validated by comparing the 

regression coefficients (R²) of the zero-order (R² = 0.770), first-order (R² = 0.431), Higuchi 

model (R² = 0.928), and Korseymeyer-Peppas equation (R² = 0.988). The diffusion exponent 

value (n = 0.8642) confirmed the anomalous drug release pattern of CA-LNs. 

 

3.4 Stability studies 

Table 3: Stability study of optimized formulation at various temperatures. 

S.No Storage 

condition 

Parameter 0M 1.5M 3M 6M 9M 12M 

1 Room 

temperature  

(25 ± 2 ° C/ 

60 ± 5% RH) 

Drug 

release 

(%) 24 h 

98.06  

±2.13 

94.66  

±3.05 

91.53  

±4.13 

92.87  

±2.76 

91.73  

±1.78 

91.03  

±2.71 

  E.E (%) 82.37  

±2.74 

81.11  

±1.94 

72.97  

±1.14 

73.14  

±1.82 

74.01  

±1.72 

77  

±1.62 
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  Particle 

size (nm) 

302.06  

±11.2 

352.36 

±12.8 

353.89 

±23.11 

354.32  

±17.91 

362.26 

±31.33 

361.22 

±15.11 

  PDI 0.195 

±0.08 

0.194 

±0.03 

0.205  

±0.08 

0.221  

±0.16 

0.224  

±0.02 

0.238  

±0.08 

  Zeta 

potential 

(mV) 

-27.23  

±3.96 

-27.61  

±2.36 

-24.77  

±3.81 

-24.78 

±2.73 

-25.38  

±3.77 

-25.13  

±2.71 

2 Cool  

Temperature 

(4 ± 2 °C/ 65 

± 5% RH) 

Drug 

release 

(%) 24 h 

98.06  

±2.81 

97.31  

±3.12 

97.51 

±2.89 

95.92  

±1.83 

94.62 

±3.04 

92.14 

±1.86 

  E.E (%) 81.35  

±1.26 

81.34 

±1.32 

81.26 

±2.22 

80.93 

±1.91 

80.02 

±1.25 

80.01 

±1.17 

  Particle 

size (nm) 

304.06 

±11.9 

353.31 

±12.8 

354.31 

±11.9 

364.79 

±14.2 

364.31 

±13.3 

365.16 

±12.4 

  PDI 0.191 

±0.02 

0.192 

±0.01 

0.194 

±0.04 

0.202 

±0.02 

0.214 

±0.03 

0.225 

±0.04 

  Zeta 

potential 

(mV) 

-28.23 

±3.33 

-28.78 

±2.91 

-27.21 

±1.87 

-25.07 

±2.61 

-25.38 

±1.77 

-24.67 

±1.81 

3 Accelerated  

Temperature 

(40 ± 2 °C/ 

75 ± 5 % 

RH) 

Drug 

release 

(%) 24 h 

98.06 

±2.12 

97.76 

±3.02 

95.08 

±2.19 

91.84 

±2.16 

- - 

  E.E (%) 81.39 

±1.28 

77.12 

±1.33 

77.14 

±1.04 

74.04 

±1.86 

- - 

  Particle 

size (nm) 

304.06 

±11.21 

362.12 

±13.4 

365.32 

±10.8 

374.91 

±16.7 

- - 

  PDI 0.191 

±0.02 

0.213 

±0.04 

0.263 

±0.03 

0.292 

±0.05 

- - 

  Zeta 

potential 

(mV) 

-28.23 

±3.18 

-22.42 

±2.31 

-21.34 

±2.91 

-21.97 

±3.08 

- - 

 

Table 3 presents the physicochemical characteristics of CA-LNs during the storage stability 

study. The physical appearance of CA-LNs did not exhibit any significant changes under various 
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environmental conditions. The optimized formulation (F5) stored under cool conditions (4 ± 2 

°C/ 65 ± 5% RH) and at room temperature (25 ± 2 °C/ 60 ± 5% RH) showed no significant 

changes in particle size, PDI, zeta potential, entrapment efficiency, and in vitro release behavior 

after 12 months of storage (p<0.05). The stability results confirmed that the formulation and 

process variables were effectively optimized to produce stable CA-LNs. However, a significant 

increase in particle size and a decrease in entrapment efficiency, zeta potential, and drug release 

were observed under accelerated conditions after 6 months. 

4. Discussion 

The hot homogenization emulsification technique employed in the current study facilitated the 

direct incorporation of the physicochemically compromised lipophilic drug, cefuroxime axetil, 

while also eliminating the need for toxic organic solvents in the preparation of CA-LNs. 23, 24, 25, 

26,27 

Preliminary investigations were conducted to optimize formulation parameters such as the ratio 

of stearic acid to glycerylbehenate, as well as the type and concentration of surfactant, with 

particle size, polydispersity index, and entrapment efficiency serving as benchmark criteria. 

Furthermore, the effects of manufacturing variables, including homogenization time, 

homogenization speed, and the volume of the external phase, were also examined. 

 

Significant variations in particle size and entrapment efficiency were noted with changes in lipid 

concentration, attributed to differences in their HLB values. The presence of partial acylglycerols 

imparts amphiphilic properties to glycerylbehenate, aiding in the reduction of particle size. An 

increase in the proportion of glycerylbehenate within the lipid phase enhanced drug entrapment 

due to its complex nature and less ideal orientation, thereby providing additional space for drug 

loading. Moreover, the interchain interactions of behenic acid in glycerylbehenate and the 

incorporation of glycerylbehenate into the crystal lattice of stearic acid may have contributed to 

the fluidization of stearic acid chains, which could have improved the entrapment of cefuroxime 

axetil by creating more space within the NLCs. 28, 29. Additionally, the relative increase in 

glycerylbehenate resulted in a rise in the viscosity of the organic phase, leading to a quicker 

solidification of nanoparticles, which in turn hindered the diffusion of cefuroxime axetil to the 

external phase. 30, 31 The diminished entrapment efficiency, along with the increase in particle 

size and polydispersity index (PDI) when the glycerylbehenate content exceeds 50% w/w, may 

be linked to a rise in interfacial tension between the lipid and aqueous phases, likely due to the 

heightened viscosity of the dispersed organic phase. Consequently, the coalescence of globules 

during the pre-emulsification phase led to an increase in particle size and the leaching of the 

encapsulated drug. 31-33 

 

Among the surfactants utilized in the study, the selection of surfactant for the preparation of CA-

LNs was determined by their effects on particle size and entrapment efficiency. Pluronic F-68 
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may have aided in establishing a more compact mechanical and thermodynamic barrier at the 

interface of micelles, facilitating the formation of homogeneous nanosized particles with 

superior entrapment efficiency compared to Pluronic F-127 and Tween 80. The observation of 

smaller particle size and entrapment efficiency at elevated concentrations of Pluronic F-68 

underscores the necessity of a significant amount of surfactant to create a stable colloidal system 

and to mitigate its solubilizing potential at higher concentrations. 34, 22, 33,35 

 

The insufficient shear magnitude experienced in a larger volume (50 ml) of continuous phase 

may be a factor contributing to the reduced entrapment efficiency and the increase in particle 

size and PDI. 22, 29, 36,37 The increase in shear force experienced by the system with the rise in 

homogenization speed may have expedited the coalescence or aggregation of the oil phase, 

resulting in larger particle size and PDI, alongside a decrease in entrapment efficiency and zeta 

potential. 38,39, 40 A homogenization time of 20 minutes facilitated the formation of uniform 

micellar structures. An extended duration of homogenization, however, generated greater shear 

force, which may have compromised the surfactant barrier and led to instability. 27, 7, 41 A higher 

zeta potential around ± 30 mV produces columbic forces of greater strength, which surpass the 

Van der Waals forces of attraction, thereby preventing aggregation. 21,18,42  

 

To assess the compatibility between cefuroxime axetil and the components of lipid nanoparticles 

(NLC), as well as to confirm the encapsulation of cefuroxime axetil in CA-LNs, initial 

evaluations were conducted using ATR-FTIR and DSC analyses. All peaks associated with 

cefuroxime axetil were detected in the ATR-FTIR spectrum of the physical mixture, indicating 

that cefuroxime axetil did not engage in any physicochemical interactions with the ingredients 

of CA-LNs. Additionally, the presence of distinct peaks for cefuroxime axetil in the ATR-FTIR 

spectrum, with only slight frequency changes compared to the pure drug, validated the successful 

encapsulation of cefuroxime axetilin LNs without any alterations during the fabrication process. 

Likewise, the characteristic endothermic peaks of all formulation components in the DSC 

thermogram of the physical mixture confirmed compatibility among the components. 

Conversely, the thermogram of CA-LNs, which lacked the melting endotherm of cefuroxime 

axetil, indicated a phase transition from crystalline to amorphous state during the encapsulation 

process, as well as a uniform dispersion of the drug within the formulation. 43-45 The 

morphological analysis further validated the smooth surface and spherical shape of CA-LNs. 

 

The biphasic drug release profile, characterized by an initial burst release of approximately 24% 

of the drug within 2 hours, followed by a sustained release over 24 hours, was observed. The 

increased surface area provided by CA-LNsfor interaction with the dissolution fluid may have 

contributed to the enhanced diffusion and desorption of free or weakly bound cefuroxime axetil 
46-48. The gradual decline in the drug release rate could be attributed to the intrinsic solubility of 



Volume – 17, Issue – 1, January 2026 

 

 IJPPR (2026), Vol. 17, Issue 1                                Research Article 
 

 

Corresponding Author- Reetika Rawat, Shri Ram Murti Smarak, College of Engineering and Technology, 

Bareilly, 243202, India 

reetikarawat32@gmail.com 

Volume 17, Issue 1, 2026, Received: 15 Nov. 2025, Accepted:  5 Jan 2026, Published: 31 Jan 2026 

R a w a t  R .  e t  a l .    P a g e  113 

 

the drug, the distance the drug travels through the drug-depleted layers, the rigidity of the lipoidal 

barrier, and diffusion from the dialysis membrane. The extended release of the drug from the 

optimized formulation clearly indicates the improved efficacy and safety associated with the 

administration of cefuroxime axetil CA-LNs. Furthermore, kinetic modeling has validated the 

unusual drug release pattern of CA-LNs, which involves both dissolution and diffusion-

controlled drug release through the lipid matrix. 

The polymorphic transitions may have caused disturbances in the crystalline structure of lipids 

under accelerated storage conditions, leading to diminished stability. 27; 49; 50, 51, 52, 53, 54 Therefore, 

it is recommended that CA-LNs be stored at room temperature or in refrigerated conditions to 

preserve their pharmaceutical properties for effective long-term application. 

4.1 In vitro anti-bacterial studies 

The in-vitro antibacterial susceptibility test demonstrated that CA-LNs displayed superior 

antimicrobial activity against E. coli, a facultative anaerobic gram-negative bacterium. The 

determination of the minimum inhibitory concentration (MIC) indicated a greater effectiveness 

of the optimized formulation, showing a 6.7-fold increase against E. coli when compared to the 

free drug. 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65 All concentrations utilized during the minimum biofilm 

inhibitory concentration (MBIC) assay exhibited an inhibitory effect on the growth of viable 

organisms. Likewise, the MBIC of the formulation was significantly lower, by 3.71-fold and 

1.61-fold, than that of the pure drug against E. coli biofilms, respectively. This illustrates the 

enhanced effectiveness of cefuroxime axetil in the formulation within LNs. 66, 67, 68, 69, 70 The 

improved bactericidal activity of CA-LNs can be attributed to increased interactions, such as 

diffusion or fusion of CA-LNs with the bacterial cellular membrane, which facilitates direct drug 

delivery to the bacterial cytoplasm, along with the extended release of the drug from CA-LNs, 

functioning as a drug depot. 71,72  

4.1 In vitro anti-bacterial studies 

The antimicrobial susceptibility test conducted on cefuroxime axetil demonstrated its superior 

antimicrobial effectiveness against E. coli (Zone of Inhibition: 9.2 mm). The optimized 

formulation (F5) exhibited a greater Zone of Inhibition when compared to the free drug against 

E. coli (14 mm), respectively. 

 

The Minimum Inhibitory Concentration (MIC) values for cefuroxime axetil and the optimized 

formulation tested against E. coli were found to be 6 µg/ml and 0.9 µg/ml respectively. The 

lower MIC value of CA-LNsmay be attributed to their lipophilic nature and increased surface 

area facilitating interaction with microbial cells. 
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The formation of biofilm by E. coli was visually confirmed through the presence of a stained 

film on the walls of the test tube using the crystal violet staining method. Furthermore, SEM 

micrographs also validated the occurrence of biofilm formation (Figure 3). The enhanced anti-

biofilm activity of CA-LNswas corroborated by SEM images, which indicated greater cell 

damage in comparison to the pure drug (Figure 3). The pure drug completely inhibited the growth 

of E. coli at concentrations of 130 µg/ml. In contrast, the optimized formulation achieved total 

eradication of bacterial growth from the biofilms of E. coli at concentrations of 35 µg/ml, 

respectively (Figure 3). Therefore, from a clinical perspective, CA-LNsrepresent a promising 

formulation as they may enhance the bioavailability of cefuroxime axetil, which is poorly soluble 

in water. 72 
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Figure 3: Minimum inhibitory concentration and minimum biofilm inhibitory concentration of 

drug (CA) cefuroxime axetil and optimized formulation (CA-LC) cefuroxime lipid 

nanocarriers against E.coli 

5. Conclusion 
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In this study, the hot-homogenization method was employed to successfully incorporate 

cefuroxime axetil with a high entrapment efficiency. The fabricated CA-LNswere characterized 

physico-chemically and evaluated for their efficacy. The findings of this study demonstrate that 

CA-LNsare highly effective in eliminating biofilms formed by E. coli at lower concentrations 

than the drug itself. Stability studies indicated that CA-LNswould remain stable for up to one 

year of shelf life. Consequently, it can be concluded that cefuroxime axetil-loaded 

nanostructured lipid carriers can be regarded as a promising drug delivery system for biofilm 

eradication from cefuroxime axetil. 
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