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Abstract: Background: Nanoparticles have gained considerable attention as versatile platforms for the diagnosis and 

treatment of different diseases, particularly cancer. Lipid-coated hybrid nanoparticles (LCHNPs), comprising a polymeric 

core enveloped by a lipid shell, offer improved targeting and potential solutions for multidrug-resistant cancers. Objective: 

To develop and preclinically evaluate a dual-drug LCHNP system co-delivering Tamoxifen and Gemifloxacin for enhanced 

breast cancer therapy. Methods: An experimental in-vitro and in-vivo study was conducted to develop and evaluate lipid-

coated hybrid nanoparticles (LCHNPs) co-delivering Tamoxifen and Gemifloxacin using MCF-7 cells and a DMBA-

induced mammary tumor model in female Albino Wistar rats.Poly(lactic-co-glycolic acid) (PLGA) nanoparticles loaded 

with Tamoxifen were prepared by the solvent evaporation method and liposomes loaded with Gemifloxacin were prepared 

by the thin-film hydration technique. The two systems were subsequently fused to generate LCHNPs. Physicochemical 

and structural characterization was carried out using dynamic light scattering (DLS), Fourier transform infrared 

spectroscopy (FTIR) and scanning electron microscopy (SEM). Results: The mean particle sizes of Tamoxifen 

nanoparticles, Gemifloxacin liposomes and LCHNPs were 175.3 ± 1.97 nm, 201.2 ± 2.45 nm and 215.7 ± 2.25 nm, with 

zeta potentials of +5.5 mV, −12.9 mV and +0.6 mV, respectively. Encapsulation efficiencies reached 96.41 ± 0.66% for 

nanoparticles and 91.22 ± 1.1% for liposomes. FTIR confirmed successful drug incorporation, while SEM imaging 

demonstrated smooth particle surfaces. LCHNPs exhibited the lowest IC50 value among the tested formulations (IC₅₅ = 

3.83 µM). RT-qPCR (quantitative reverse transcription polymerase chain reaction) analysis demonstrated a significant 

upregulation of CHEK2 (2.67 ± 1.66-fold) and downregulation of BRCA1 (0.65 ± 0.19-fold) in the LCHNP-treated group 

compared with the disease control.  In-vivo evaluation in a DMBA (dimethylbenz[a]anthracene)-induced mammary tumor 

model in female Albino Wistar rats (n = 6/group) confirmed the enhanced antitumor efficacy of LCHNPs, as evidenced by 

reduced tumor incidence and favorable biochemical, hematological and histopathological profiles. Conclusion: Lipid-

coated hybrid nanoparticles exhibited enhanced anticancer activity. This study provides a preclinical evaluation of a dual-

drug lipid-coated PLGA hybrid nanoparticle co-delivering Tamoxifen and Gemifloxacin, a formulation that has not been 

previously reported for breast cancer therapy. 
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INTRODUCTION 

 

The aberrant growth of epithelial cells in breast tissue 

causes breast cancer (Hoxha et al., 2024). Breast cancer 

continues to pose a major global health challenge, being 

the most commonly diagnosed malignancy among women 

and one of the leading causes of cancer-related deaths. 

Each year, approximately 2.3 million women are 

diagnosed with the disease and nearly 670,000 deaths are 

attributed to breast cancer worldwide, underscoring its 

substantial public health impact (Bray et al., 2024). 

Tamoxifen adjuvant treatment is recommended in pre and 

postmenopausal women with breast cancer (Agardan et al., 

2020). Tamoxifen (TAM) selectively modulates estrogen 

receptor (ER) activation by preventing estrogen from 

binding to its receptors in breast tissue, thereby suppressing 

estrogen-driven proliferation. Gemifloxacin belongs to the 

quinolone class and exhibits antibacterial function by 

inhibiting Topoisomerase II and IV (Firuzabadi and Asadi, 

2021). It has been reported that by interfering with the S 

and G2/M Phases of the cell cycle, fluoroquinolones 

reduce DNA synthesis and tumor progression (Kassab et 

al., 2024). These properties position Gemifloxacin as a 

promising adjunct agent capable of inducing replication 

stress and potentiating apoptosis in cancer cells. Preclinical 

investigations have shown that Gemifloxacin can reduce 

the proliferation of breast cancer cells and inhibit the 
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epithelial-to-mesenchymal transition (EMT), reduce 

cancer stem cell properties and impair cellular migration 

through modulation of multiple signaling pathways, 

including NF-κB and Snail, which are associated with 

tumor progression and metastasis (da Silva et al., 2026).  

 

Unlike Tamoxifen, which primarily targets estrogen 

receptor signaling, Gemifloxacin appears to influence 

pathways involved in tumor invasion and metastatic 

behavior. These complementary mechanisms provided the 

scientific rationale for investigating the co-delivery of 

Tamoxifen and Gemifloxacin within a lipid-coated hybrid 

nanoparticle system. Nevertheless, these findings remain 

largely confined to experimental models and clinical 

evidence supporting the use of Gemifloxacin as an 

anticancer agent is still limited. The formulation strategy in 

this study was based on the hypothesis that simultaneous 

inhibition of hormonal signaling and induction of DNA 

damage may increase the susceptibility of breast cancer 

cells to treatment. This concept served as the scientific 

rationale for developing the formulation; however, it was 

not experimentally validated in the present work through 

functional assays assessing DNA damage or apoptosis. 

Gemifloxacin in combination with Tamoxifen was 

intended to investigate the simultaneous modulation of 

endocrine signaling and additional tumor-promoting 

pathways. It could improve therapeutic outcomes within a 

lipid-coated hybrid nanoparticle delivery system. 

Nevertheless, the anticancer potential of Gemifloxacin 

remains largely preclinical and further mechanistic and 

clinical studies are required to establish its therapeutic role.  

 

Gemifloxacin was chosen instead of widely validated 

anticancer drugs such as docetaxel or doxorubicin because 

its clinical approval, well-characterized safety profile and 

favorable pharmacokinetic properties make it an attractive 

candidate for drug repurposing. Moreover, its proposed 

topoisomerase-mediated mechanism is expected to 

complement Tamoxifen without substantially increasing 

overlapping toxicities. Accordingly, Gemifloxacin was 

investigated as a rational exploratory partner for 

combination therapy rather than as an alternative to 

conventional cytotoxic agents. 

 

Chemotherapy causes severe adverse effects in patients 

because of the non-selective therapeutic actions of drugs 

on normal cells as well as diseased cells. Over the past few 

decades, to increase the effectiveness and efficacy of 

chemotherapeutic drugs, a novel drug delivery system has 

been developed in which nanoparticles encapsulating 

therapeutic agents are used (Mangu et al., 2026). 

Nanoparticles have emerged as promising carriers to 

enable targeted delivery to tumors or damaged organs 

(Wang et al., 2022; Zhang et al., 2020). Nanocarriers can 

enhance the therapeutic index of existing drugs by reducing 

their toxicity, improving efficacy and maintaining a steady-

state therapeutic concentration over an extended duration 

(Chatterjee and Kumar, 2022). Recent studies continue to 

expand the PLGA nanoparticle platform for breast cancer 

drug delivery and broader oncology applications 

(Kesharwani et al., 2025; Ma et al., 2025).   

 

Previous studies reported enhanced anticancer activity by 

combining Tamoxifen with nanocarriers. Silver 

nanoparticle–Tamoxifen formulations produced 

synergistic cytotoxic effects with minimal genotoxicity in 

MCF-7 and MDA-MB-231 breast cancer cell (Rivera et al., 

2024). Similarly, lipid-coated mesoporous silica 

nanoparticles co-loaded with Tamoxifen and docetaxel 

have been developed to improve therapeutic efficacy and 

overcome CYP3A4-associated drug resistance in triple-

negative breast cancer (Wang et al., 2024). More recently, 

αvβ3 integrin aptamer-functionalized lipid-polymer hybrid 

nanoparticles co-delivering paclitaxel and Tamoxifen have 

demonstrated enhanced tumor-selective cytotoxicity in 

triple-negative breast cancer models (Narwade et al., 

2025). Previous combination strategies have largely 

involved conventional cytotoxic drugs or metal-based 

nanocarriers, both of which are associated with systemic 

toxicity and undesirable off-target effects.  

 

In contrast, no published study has combined Tamoxifen 

with a repurposed non-oncologic agent that targets DNA 

damage and anti-migratory pathways through mechanisms 

distinct from those of standard chemotherapy. Addressing 

this unmet area provided the rationale for developing the 

present LCHNP formulation. The synergistic effects of 

lipid-based nanocarriers have been shown to enhance the 

efficacy and precision of polymeric nanoparticles (Alawi 

et al., 2025). Although PLGA nanoparticles, lipid-coated 

hybrid nanocarriers and Tamoxifen-loaded nanoparticle 

formulations have been extensively investigated, there are 

currently no reports describing the co-delivery of 

Tamoxifen and Gemifloxacin within a single lipid-coated 

PLGA hybrid nanoparticle for breast cancer therapy. The 

present study addresses this gap by developing a dual-drug 

hybrid nanocarrier and evaluating its physicochemical 

properties, sustained drug release, anticancer efficacy and 

preliminary molecular effects in an experimental breast 

cancer model. Rather than establishing Gemifloxacin as a 

clinically validated anticancer agent, this work explores its 

potential as a repurposed therapeutic candidate within an 

advanced nanocarrier system. 

 

MATERIALS AND METHODS 

 

Chemicals and reagents 

Tamoxifen citrate and Gemifloxacin mesylate were 

obtained as gift samples from Pharmedic Laboratories 

(Lahore,Pakistan).1,2-dipalmitoyl-sn-glycero-3-

phosphatidylcholine (DPPC); 1,2-dipalmitoyl-sn-glycero-

3-phosphoethanolamine-N-[methoxy(polyethylene 

glycol)-5000] (DPPE-mPEG5000) and 2-dipalmitoyl-sn-

glycero-3-phospho-(1′-rac-glycerol) (sodium salt) (DPPG) 



Tehreem Arshad et al. 

Pak. J. Pharm. Sci., Vol.----, No.0, ---------- 20----, pp.000-00 3 

were obtained as gift sample from Lipoid GmbH 

(Ludwigshafen, Germany). PLGA (Resomer® RG 503 H, 

Poly (D, L-lactide-co-glycolide)) was supplied by Evonik 

(Essen, Germany). Poly (vinyl alcohol) (PVA, Mowiol 4–

88) was purchased from Kuraray (Hattersheim, Germany). 

Polysorbate 80 (Tween 80) and 3-(4,5-dimethylthiazol-

2yl)-2,5-diphenyltetrazolium bromide (MTT) were 

obtained from Sigma Aldrich Chemie GmbH (Taufkirchen, 

Germany).Dimethyl sulfoxide (DMSO) was procured from 

Carl Roth GmbH & Co. (Karlsruhe, Germany).Chitosan 

[molecular weight 1526.464 g/mol] was purchased from 

MP Biomedicals LLC, Irvine, CA, USA.HPLC grade 

Organic solvents (chloroform (CHCl3), methanol (MeOH) 

and Ethyl acetate) were obtained from VWR International 

(Darmstadt, Germany).Glacial acetic acid (≥99.8%; 

Merck, Germany; Cat. No. 100063), ethanol (lab grade, 

96%; Merck; Cat. No. 100983) and formaldehyde solution 

(37%; Merck; Cat. No. 104003). TRIzol™ Reagent 

(Thermo Fisher Scientific, USA; Cat. No. 15596026), 

cDNA was synthesized with the RevertAid First Strand 

cDNA Synthesis Kit (Thermo Scientific; Cat. No. K1622) 

and quantitative PCR was performed using PowerUp™ 

SYBR™ Green Master Mix (Thermo Fisher Scientific; 

Cat. No. A25742).Sterile filtered ultra-pure (PureLab flex-

4 dispenser, ELGA Lab water, High Wycombe, UK) water 

was used for all the experiments. All reagents were used as 

received unless otherwise specified. Phosphate-buffered 

saline (PBS) was freshly prepared, sterilized by filtration 

and stored at 4°C until use. 

 

Preparation of tamoxifen-loaded PLGA nanoparticles 

Tamoxifen nanoparticles were prepared by using the 

emulsion solvent evaporation method. Tamoxifen and 

PLGA were used at a drug-to-polymer ratio of 1:50 (w/w) 

(2 mg drug:100 mg PLGA). This ratio was selected based 

on previous reports demonstrating that low drug-to-

polymer ratios improve encapsulation efficiency, maintain 

a narrow particle size distribution and reduce drug 

crystallization within PLGA nanoparticles. A stock 

solution of Tamoxifen (1mg/mL) was prepared in ethyl 

acetate. Then, PLGA (100 mg) was dissolved in a 5 mL 

ethyl acetate solution containing 2mg Tamoxifen. 

Subsequently, the solution was filtered through a 0.2-μm 

membrane filter, then introduced drop by drop into the 1% 

(w/v) polyvinyl alcohol (PVA) solution. The oil-in-water 

(o/w) emulsion was mixed using an Ultra-Turrax 

homogenizer at 15,000 rpm for 10 min, after which 1 ml 

(0.10%) chitosan and 14 ml ultrapure water were added 

dropwise using a syringe. Ethyl acetate (organic phase) was 

evaporated by continuous stirring (500 rpm) overnight at 

room temperature. Blank nanoparticles were prepared in 

the same way except for the addition of Tamoxifen. Then, 

nanoparticles were washed twice at 16,000 × g for 20 min 

and freeze-dried with 0.2% w/v PVA solution. The 

lyophilized nanoparticles were stored under refrigerated 

conditions (2-8°C) until further characterization and 

analysis (Ali et al., 2021). 

Preparation of gemifloxacin liposomes 

The thin-film hydration technique was employed to 

fabricate Gemifloxacin-loaded liposomes. The lipids 

comprising DPPC, DPPG and DPPE-mPEG5000 (85:10:5) 

were dissolved in a chloroform/methanol (2:1) mixture. 2 

mg Gemifloxacin was added to a lipid mixture to form 

drug-loaded liposomes. The organic solvents were 

vacuum-dried at 45 °C using a rotary evaporator. 

Subsequently, 1 mL of phosphate-buffered saline (PBS, pH 

7.4) was used in the film hydration technique with 

continuous mixing to produce liposomes. To transform 

these multilamellar liposomes into unilamellar ones, they 

were sonicated for approximately 40 minutes in a bath-type 

sonicator. The liposomes produced were kept cold for 

further examination (Nandi et al., 2021; Pandey et al., 

2025). 
 

Preparation of lipid-enveloped nanoparticles 

To fabricate lipid-coated hybrid nanoparticles (LCHNPs), 

different liposome-to-nanoparticle mass ratios were 

initially evaluated and an optimized liposome:PLGA 

nanoparticle ratio of 1:100 (w/w) was selected based on 

particle stability and physicochemical characteristics. The 

fusion process was used to produce the lipid layer on the 

particle surface. This ratio yielded stable hybrid 

nanoparticles with a uniform particle-size distribution and 

satisfactory colloidal stability. In summary, a suitable 

number of liposomes loaded with Gemifloxacin were 

introduced into the suspension of PLGA nanoparticles 

loaded with Tamoxifen and the mixture was then properly 

mixed. After 20 minutes of sonication and an hour of room-

temperature incubation, the mixture induced spontaneous 

fusion of a self-organized lipid bilayer on the nanoparticles' 

surface (Ali et al., 2021) (Jacob et al., 2025). The 

formulation was independently prepared in triplicate (n = 

3) following the same experimental procedure to evaluate 

batch-to-batch reproducibility. Physicochemical 

characterization was performed for each batch and the 

results are presented as mean ± SD, indicating consistent 

preparation of the lipid-coated hybrid nanoparticles. Batch-

to-batch reproducibility was assessed by comparing 

particle size, polydispersity index (PDI) and zeta potential 

among the three independently prepared batches. No 

statistically significant differences (p > 0.05) were 

observed, indicating good reproducibility of the 

formulation process.  
 

Encapsulation efficiency and loading capacity 

Encapsulation efficiency was determined indirectly by 

quantifying the amount of free (unencapsulated) drug 

present in the supernatant. To do this, a supernatant 

containing free or unbound drug was obtained and a UV 

spectrophotometer was used to quantify the amount of 

encapsulated drug. To determine the Drug loading, 

supernatants of both formulations, nanoparticles and 

liposomes, were taken in a cuvette and the absorbance of 

both supernatants was measured using a UV 

spectrophotometer, Shimadzu model UV-1280, at 276 nm 
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and 264 nm, respectively and the absorbance was recorded 

and the encapsulation efficiency was calculated as (Uniyal 

et al., 2026). 
 

%EE= 100
added drug ofamount  Total

drug capsulated ofAmount 
 ......... (1)

 

 

%LC = 100
lesnanopartic of Dry weight

capsulated drug ofAmount 
 .......... (2) 

 

Evaluation of in-vitro drug release 

PBS (pH 7.4) with 1% Tween 80 (v/v) was used to 

determine the release patterns of Gemifloxacin and 

Tamoxifen. Freshly prepared nanoparticles and liposomes 

were collected by centrifugation. The 0.5 mg Tamoxifen 

pellet was resuspended in 5 mL phosphate buffer mixture 

Then nanoparticles were  placed in an incubator at 37 °C 

and 100 rpm. During this study, 0.5 mL of the sample was 

taken at specified time intervals. Supernatant was separated 

after centrifugation of the sample at 15,000 × g for 10 min. 

To confirm sink conditions for the pellet sample, the pellet 

was resuspended in a Phosphate buffer solution (PBS; pH 

7.4) containing 1% (v/v) Tween 80 and the original 

nanoparticle suspension was then prepared. The US/VIS 

spectrophotometer at 276 nm was used to determine the 

Tamoxifen concentrations. The remaining drug amount in 

the nanoparticles could be determined by dissolving a 

nanoparticle pellet in acetonitrile. Blank (no drug) PLGA 

nanoparticles for all subtraction measurements were 

processed in the same way (Ali, 2019; Anand et al., 2021). 

In-vitro release of Gemifloxacin from liposomes was 

conducted by dialysis in a dialysis membrane with 200 ml 

of PBS (pH 7.4).Briefly, 1 mL of the formulation was 

transferred into a dialysis bag and immersed in 200 mL of 

phosphate-buffered saline (PBS) contained in a 250 mL 

conical flask. The flask was placed on a magnetic stirrer 

and the release medium was maintained at 37°C with 

continuous stirring at 250 rpm. At predetermined time 

intervals, 0.5 mL of the release medium was withdrawn 

using a micropipette and replaced with an equal volume of 

fresh PBS to maintain a constant volume. The collected 

samples were analyzed spectrophotometrically at 264 nm 

and the drug concentration was determined using a 

previously established standard calibration curve. 
 

Physicochemical characterization of nanoparticles, 

liposomes and lipid-coated nanoparticles 

Several techniques were used to analyze the prepared 

nanoparticles, liposomes and lipid-coated nanoparticles, 

including FTIR, scanning electron microscopy, zeta 

potential measurements and a particle size analyzer. 
 

Ultraviolet–visible spectrophotometry 

Drug incorporation into the Tamoxifen-loaded PLGA 

nanoparticles was assessed using UV–visible 

spectrophotometry. After centrifugation, the supernatant 

containing any unencapsulated Tamoxifen was collected 

and its absorbance spectrum was recorded between 200 and 

400 nm. Blank PLGA nanoparticles served as the 

reference. Comparison of the absorption profiles enabled 

indirect confirmation of Tamoxifen encapsulation and 

facilitated quantification of the free drug remaining in the 

dispersion (Sahin et al., 2025). 
 

Particle size and zeta potential 

It is used to measure the effective electric charge on the 

surface of nanoparticles. Zeta sizer measures the zeta 

potential of drug-loaded nanoparticles. Gemifloxacin and 

Tamoxifen nanoparticle samples were diluted with water 

(0.1 mL) and transferred into the electrophoretic cell, 

where an electric field strength of 15.2 V/cm was applied. 

The final lipid-coated hybrid nanoparticle (LCHNP) 

suspension was adjusted to 1 mg/mL before 

physicochemical characterization and biological 

evaluation. This concentration is within the range 

commonly used for PLGA-based nanoparticle 

formulations, providing sufficient colloidal stability while 

minimizing multiple scattering during particle-size 

analysis (Maretti et al., 2025). 
 

Scanning electron microscopy (SEM) 

SEM was used to characterize the nanoparticles. It 

provides the morphological and elemental distribution of 

the sample at the Nano level (Sharmin and Bhuiyan, 2019). 

Tamoxifen nanoparticles were irradiated with UV light 

under laminar flow to ensure cleanliness. The sterilized 

nanoparticles were cautiously prepared in adhesive tape 

and then mounted on SEM stubs. The nanoparticle sample 

was placed in the SEM sample chamber and different 

scanning magnifications between ×15,000 and ×35,000 at 

a voltage of 20-30 kV were applied for investigation 

(Zhang et al., 2025). 
 

Fourier transform infrared spectroscopy (FTIR) 

analysis 

The functional groups present in the sample material were 

identified by FTIR spectroscopy. Identification of 

Gemifloxacin and Tamoxifen nanoparticles was carried out 

using FTIR. The FTIR spectrometer was operated over the 

wavenumber range of 4000- 400 cm−1 (Aziz et al., 2020). 

The stability of the nanoparticles was assessed by 

recording their FTIR spectra using an FTIR 

spectrophotometer (Mulè et al., 2025). However, FTIR 

alone cannot unequivocally verify drug encapsulation or 

determine the precise localization of the drug within the 

hybrid nanostructure. Therefore, the FTIR findings should 

be interpreted as supportive evidence of successful 

formulation rather than definitive confirmation of 

encapsulation. 
 

Stability study 

The lyophilized nanoparticles were preserved in airtight 

amber glass vials using 5% (w/v) trehalose as a 

cryoprotective agent to minimize structural alterations 

during storage. Stability studies were conducted under two 

storage conditions: refrigerated temperature (4 ± 2°C) and 

controlled room temperature (25 ± 2 °C at 60 ± 5% relative 
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humidity). Samples were evaluated immediately after 

lyophilization (day 0) and after 30, 60 and 90 days of 

storage. At each predetermined interval, the formulations 

were characterized for particle size by dynamic light 

scattering, polydispersity index (PDI) and  zeta potential.. 

Formulations were considered stable when no statistically 

significant differences (p > 0.05) were detected in these 

physicochemical properties relative to the freshly prepared 

nanoparticles, in accordance with established practices for 

the stability assessment of polymeric nanoparticle 

formulations (Gatto and Najahi-Missaoui, 2023). 
 

Cell viability analysis (MTT assay) 

The ability of the test compound to kill cells was assessed 

in-vitro using the MTT assay in the Vero (non-cancerous) 

and MCF-7 (cancerous) cell lines. The cytotoxic activity of 

the developed formulations was evaluated using the MTT 

colorimetric assay, which is based on the ability of 

metabolically active cells to reduce the yellow tetrazolium 

salt (MTT) to insoluble purple formazan crystals via 

mitochondrial oxidoreductases. MCF-7 cells were seeded 

into 96-well plates and allowed to attach for 24 h at 37°C 

in a humidified incubator containing 5% CO₅. 
 

The test formulations, including free Tamoxifen, 

Tamoxifen-loaded PLGA nanoparticles, free 

Gemifloxacin, Gemifloxacin-loaded liposomes and lipid-

coated hybrid nanoparticles (LCHNPs), were serially 

diluted in Dulbecco's Modified Eagle Medium (DMEM) to 

obtain concentrations ranging from 0.78 to 200 µg/mL. 

After removing the culture medium, 100 µL of each 

formulation was added to the respective wells and the cells 

were incubated for an additional 24 h. 
 

Following treatment, 100 µL of 0.25% (w/v) MTT solution 

was added to each well and the plates were incubated for 4 

h to allow intracellular formazan formation. The MTT-

containing medium was then carefully removed and 100 

µL of 10% DMSO was added to dissolve the formazan 

crystals. Absorbance was recorded at 570 nm using a 

microplate reader. Cell viability was expressed as a 

percentage relative to untreated control cells. Each 

concentration was evaluated in three technical replicates 

and the entire experiment was performed independently 

three times (n = 3). Cell viability was computed relative to 

the control wells after absorbance at 570 nm was measured 

(Al-otaibi, 2021). 
 

100
ODb -ODc

ODb-ODt
- 1  Inhibition % 










............... (3) 

Here, the average optical densities are represented by ODt 

(test), ODc (control) and ODb (blank). 
 

IC50 and selectivity index: 

Dose–response curves were constructed using GraphPad 

Prism (version 8.0) and the half-maximal inhibitory 

concentration (IC50) values were calculated by fitting the 

data to a nonlinear regression model of log(inhibitor) 

versus normalized response with a variable slope. Results 

are presented as mean ± SD. The concentrations required 

to induce 50% apoptosis (i.e., IC₅₅)) were appropriate 

and the Selective Index (S.I) was calculated. 
 

S.I = 
line cellcancer  in the drug  theof IC50

line cell normal ain  drug  theof IC50 ............. (4) 

 

Gene expression analysis by RT-qPCR 

The reaction mixtures for both genes were prepared using 

the SYBR Green system from Thermo Fisher Scientific. 

The amplification results were monitored in real time, with 

peaks and amplification curves displayed on the computer 

interface. The IC50 concentrations of Tamoxifen 

nanoparticles (6.27 µg/ml), Gemifloxacin liposomes 

(15.06 µg/ml) and lipid-coated hybrid nanoparticles (3.83 

µg/ml) were applied to MCF-7 cells and left for 24 hours. 

Total RNA was extracted using TRIzol reagent. Cell 

viability following the treatment period was assessed using 

the trypan blue dye exclusion assay (Salimi et al., 2025). 

 

Extraction of RNA and formation of cDNA 

The MCF-7 cell line was used to assess the expression of 

BRCA1 and CHEK2 genes after drug treatment. The four 

groups are categorized by treatment as: Tamoxifen 

nanoparticles, Gemifloxacin liposomes, Tamoxifen + 

Gemifloxacin co-loaded nanoparticles and a untreated 

control group. Each group has 3 samples; a total of 12 

MCF-7 cell line samples were used for RNA extraction 

using the Trizol method. 

 

In a sterile tube, cells were mixed with chloroform and 

Trizol, then centrifuged to obtain an RNA-containing layer. 

RNA precipitation was achieved by transferring this layer 

to another tube, followed by a 15-minute incubation in 

isopropanol. Then, it was washed with 75% ethanol and 

transferred to an isolated RNA pellet; the second 

centrifugation was done. The pellet was dried, resuspended 

in DEPC-treated water to eliminate RNase and stored 

between 4 ºC to -20 ºC for use. cDNA was formed by 

Thermo-Fisher Scientific cDNA synthesis kit. The 

proposed methodology produced the PCR master mix. By 

placing the PCR tube in a thermocycler, the optimal 

conditions were achieved to facilitate amplification. The 

produced cDNA was preserved at 4 ºC to -20 oC until future 

use (Jeromin et al., 2019). 
 

Real-time PCR amplification 

Gene expression analysis was performed using RT-PCR to 

quantify transcript copy numbers of the target genes 

(CHEK2 and BRCA1). GAPDH served as the internal 

housekeeping gene for normalization of target gene 

expression. The PCR master mix was prepared according 

to the manufacturer’s protocol and reactions were carried 

out under optimized conditions. Changes in gene 

expression were determined using the 2–ΔΔCT method, 

representing the fold change relative to the control group 

of untreated cells (Derismahafi et al., 2025). Primer 

sequences are given below (Table 1). 
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In-vivo DMBA-induced mammary tumor 

The rats were obtained from University of Veterinary and 

Animal Sciences. The animals were clinically healthy and 

were not genetically modified. No previous experimental 

procedures had been performed before commencement of 

the present study.A total of five groups (with each group 

containing n=6) of thirty female Albino Wistar rats 

(approx. 8-10 weeks with weight 180–220 g) were kept at 

a temperature of 23 ± 2 °C, with a humidity of 60 ± 10% 

and under a 12 h light and dark cycle. The rats in the 

experiment were provided with water and a standard pellet 

diet. Before dosing, the rats were allowed to acclimatize for 

1 week.The individual rat was considered the experimental 

unit for the in-vivo analyses. 
 

Inclusion criteria 

Healthy female rats of the specified experimental age and 

body weight (approx. 8-10 weeks with weight 180–220 g)  

with no apparent signs of illness or abnormality, were 

included in the study.  
 

Exclusion criteria 

Animals showing signs of illness, abnormal behavior, 

significant health abnormalities, or conditions that could 

interfere with the experimental outcomes were excluded 

from the study. 
 

The inclusion and exclusion criteria were established 

before commencement of the experiment. No animals, 

experimental units, or data points were excluded from the 

final analysis. A study protocol was prepared before 

commencement of the experiment but was not 

prospectively registered. The selected doses and 

administration schedules were based on previously 

published experimental studies and preliminary 

formulation considerations. The rats randomly assigned to 

Group I (n = 6) were considered the Negative control group 

and received no additional treatment; they received normal 

saline and standard food. Group II was designated as the 

positive control group, which received DMBA at 40 

mg/kg/week via the intraperitoneal route for the period of 

12 weeks. Group III received free Tamoxifen at 3 mg/kg 

orally daily, Group IV received free Gemifloxacin at 20 

mg/kg orally daily and Group V received lipid-coated 

hybrid nanoparticles at 4 mg/kg twice in a week (Adefisan-

Adeoye et al., 2025). No single primary outcome measure 

was prespecified for sample-size determination. A group 

size of six rats was adopted based on established DMBA-

induced mammary tumour studies, where similar sample 

sizes have been sufficient to detect significant differences 

in tumour development and biochemical outcomes among 

treatment groups. However, no a priori power/sample-size 

calculation is reported. Potential confounders related to 

treatment order, measurement order and cage location were 

not specifically controlled. To minimise assessment bias, 

all outcome measurements were performed by an 

investigator blinded to treatment allocation. The personnel 

responsible for animal allocation and treatment 

administration were aware of group assignments. Samples 

were coded before evaluation and group identities were 

revealed only after all outcome measurements had been 

completed. No formal humane endpoints were established; 

however, animals were monitored for signs of pain or 

distress throughout the experimental period. 

Table 1: Primer sequences of the CHEK2 and BRCA1 genes (both Forward and Reverse). 
 

Sr. No Primers Primer sequence Length Tm 

1. CHEK2 Forward  primer 5′-TCAGCAAGAGAGGCAGACCC-3′ 20 54 

2. CHEK2 Reverse            primer 5′-ACAGCTCTCCCCCTTCCATC-3′ 20 56 

3. BRCA1 Forward  primer 5′-GCCAAGGCAAGATAGAGG-3′ 18 61 

4. BRCA1 Reverse            primer 5′-GTTGCCAACACGAGCTGA-3′ 18 63 
 

 
 

Fig. 1: Cumulative drug release of (A) Tamoxifen nanoparticles; (B) Gemifloxacin liposomes. Data are presented as mean 

± SEM, with error bars representing the standard error of the mean. 
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Biochemical, hematological analysis and 

histopathological studies 

In the case of biochemical analysis, the parameters 

considered were total bilirubin, alkaline phosphatase 

(ALP), aspartate transaminase (AST) activity, alanine 

transaminase (ALT) activity, creatinine and  urea levels. 

Blood samples were analyzed for hemoglobin (Hb), red 

blood cell count (RBCs), total leukocyte count (TLC), 

hematocrit (HCT), mean corpuscular volume (MCV), 

mean corpuscular hemoglobin (MCH), mean corpuscular 

hemoglobin concentration (MCHC) and platelet count. 

Moreover, breast tissue histology was examined (Bhapkar 

et al., 2025). 

 

Statistical analysis 

Mean ± standard deviation (SD) was used to express the 

data. Once the normality of the data was confirmed, one-

way ANOVA and Dunnett's post hoc test were used for 

statistical analysis. Statistical analyses were performed 

using GraphPad Prism version 8.0 (GraphPad Software, 

LLC, San Diego, CA, USA) and IBM SPSS Statistics 

version 22.0 (IBM Corp., Armonk, NY, USA). The criteria 

for statistical significance were p < 0.05, p < 0.01, p < 

0.001 and p < 0.0001. 

 

RESULTS 

 

Determination of loading capacity and encapsulation 

efficiency 

The amount of Tamoxifen incorporated into the 

nanoparticles is 4.19 ± 0.32 mg (loading capacity), which 

equals the theoretical drug concentration within the 

nanoparticles. The encapsulation efficiency of Tamoxifen 

in the PLGA nanoparticles is 96.41 ± 0.66% and in the 

Gemifloxacin liposomes is 91.22 ± 1.1%. 

 

In-vitro drug release study of Tamoxifen citrate-loaded 

nanoparticles and Gemifloxacin-loaded liposomes 

Tamoxifen citrate-loaded PLGA nanoparticles were used 

for in-vitro drug delivery in PBS (pH 7.4) containing 1% 

Tween 80. Due to Tamoxifen's very low water solubility, a 

solubility-enhancing agent had to be added to maintain sink 

conditions and obtain quantifiable UV-Vis concentrations 

for the release tests.The first 24 hours showed an initial 

burst release, after which the PLGA nanoparticles 

containing Tamoxifen exhibited a steady drug-release 

pattern.The primary cause of this first stage of drug release 

is thought to be the drug's desorption or diffusion, which 

occurs at the large surface area of the nanoparticles or at 

sites where it is only loosely bound to the polymer matrix. 

 

Tamoxifen and Gemifloxacin exhibited cumulative drug 

releases of 48.01% and 56.64%, respectively, at the end of 

the study. Model fitting showed that the Korsmeyer–

Peppas model yielded the highest correlation coefficient 

(R² = 0.973 for Tamoxifen and R² = 0.883 for 

Gemifloxacin), indicating that it best described the release 

behavior. The comparatively lower cumulative release 

observed after 96 h indicates that a fraction of the 

encapsulated drug remained entrapped within the 

polymeric core, which is consistent with the controlled-

release characteristics of PLGA-based hybrid 

nanoparticles reported in previous studies. It was 

anticipated that the remaining unreleased medication was 

either firmly entrapped within the nanoparticle matrix or 

strongly linked to PLGA molecules, primarily through 

matrix erosion or diffusion under sink conditions. 

Diffusion plays a major role in controlling the release 

mechanism when drug diffusion outpaces matrix 

disintegration (Fig. 1). 

 

 
 

Fig. 2: Calibration curve of tamoxifen and gemifloxacin at 7.4 pH of (A) Tamoxifen nanoparticles; (B) Gemifloxacin 

liposomes. 
 

Table 2: Diameter values are expressed as Mean ± S.D for 3 independent measurements (n=3). 
 

Formulations  Diameter (nm) ± SD PDI ± SD ζ Potential (mV) ± SD 

Tamoxifen nanoparticles 175.3 ± 1.97 0.03 ± 0.02 5.5 ± 1.11 

Gemifloxacin liposomes 201.2 ± 2.45 0.25 ± 0.02 -12.9 ± 1.51 

Lipid-coated hybrid NPs 215.7 ± 2.25 0.07 ± 0.03 0.6 ± 0.10 
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Characterization 

Calibration curve of tamoxifen and gemifloxacin  

The calibration curve for Tamoxifen and Gemifloxacin was 

performed in a 7.4-pH buffer solution. Samples with 

different concentrations were analyzed in a UV 

spectrophotometer. Microsoft Excel 16 was used to plot the 

graph (Fig. 2). 

 

Particle size and zeta  potential 

Particle size is a quantitative physical characteristic of 

nanocarriers and a critical factor in their characterization. 

The particle size, PDI and zeta potential of the three 

independently prepared batches are presented as mean ± 

standard deviation (SD) in Table 2. No statistically 

significant differences were observed among the batches 

for these parameters (p > 0.05), indicating good batch-to-

batch reproducibility. The particle size of Tamoxifen 

nanoparticles, Gemifloxacin liposomes and LCHNPs was 

measured at 175.3 nm with a charge of 5.5 mV, 201.2 nm 

with a charge of -12.9 mV and 215.7 nm with a charge of 

0.6 mV, respectively. A positive value of NPs is due to the 

presence of chitosan. So, positively charged Tamoxifen 

NPs are coated with negatively charged Gemifloxacin-

loaded LPs.The PDI values of Tamoxifen nanoparticles, 

Gemifloxacin liposomes and LCHNPs were 0.03 ± 0.02, 

0.25 ± 0.02 and 0.07 ± 0.03, respectively, indicating 

relatively narrow particle-size distributions. (Table 2). 
 

Scanning electron microscopy  

Scanning electron microscopy showed a relatively smooth 

surface for the Tamoxifen-loaded PLGA nanoparticles 

(Panel A). In comparison, the co-loaded hybrid 

nanoparticles displayed a distinct surface morphology after 

lipid–polymer fusion (Panel B). The difference in surface 

appearance between the two formulations is consistent 

with the incorporation of the lipid layer around the 

polymeric nanoparticle core (Fig. 3). 

 

Fourier-transform infrared spectroscopy (FTIR) 

FTIR (Fourier Transform Infrared Spectroscopy) is a basic 

yet very important technique for the identification of 

materials; more so, it helps in revealing and determining 

not only the molecular structure of a given substance but 

also the functional groups and their respective bonding 

strength and arrangement, for instance, in homopolymers, 

copolymers, polymer composites and other polymeric 

materials. FTIR spectra corresponding to Tamoxifen citrate 

are (from left to right) the ketone (C=O) at 1,737.51 cm-1, 

amine (N-H bend) at 1,581.36 cm-1, aromatic ring at 

844.88 cm-1, phenolic C-O at 1361.05 cm-1, aliphatic 

alcohol at 3396.21 cm-1 and ether at 1043.78 cm-1. The 

FTIR spectrum of Tamoxifen nanoparticles shows slight 

deviations from the FTIR spectrum of Tamoxifen with the 

peaks from 3396.21 cm−1 to 3342.07 cm−1 allocated to the 

OH group, 1043.78 cm−1 to 1054.68 cm−1 to C-O stretch 

of ether and 1361.05 cm−1 to 1374.09 cm−1 to the 

phenolic C-O. The FTIR spectrum of pure powder 

Gemifloxacin mesylate showed peaks attributed to (C-F) 

bending at 1038.72 cm-1 and O–CH3 bending at 1455.03 

cm-1, R–COOH stretching at 1173.91 cm-1, N–H 

Scissoring at 1627.63 cm-1. Aromatic–C=O Stretching at 

1704.32 cm-1 and C–H Rocking at 729.69 cm-1. The FTIR 

spectrum of Gemifloxacin liposomes displays rather 

modest alterations of the peaks from 1038.72 cm-1 to 

1054.70 at C-F and Aromatic–C=O Stretching from 

1704.32 cm-1 to 1636.5 (Fig. 4). 
 

Stability study 

The storage stability of the lyophilized lipid-coated hybrid 

nanoparticles (LCHNPs) was investigated under 

refrigerated (4 ± 2°C) and controlled room-temperature (25 

± 2°C/60 ± 5% RH) conditions for 90 days. The 

physicochemical characteristics of the formulation at 

different storage intervals are summarized in table 3. 

 
 

Fig. 3: SEM image of (A) Tamoxifen-loaded PLGA nanoparticles and; (B) Co-loaded hybrid nanoparticles.  
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Throughout refrigerated storage, the formulation remained 

highly stable, showing only marginal variations in its 

physicochemical properties. The mean particle size 

increased slightly from 215.7 ± 2.3 nm at day 0 to 220.3 ± 

3.1 nm after 90 days. Likewise, only a minimal increase in 

PDI was observed, indicating that the nanoparticles 

retained a uniform size distribution during storage. The 

zeta potential exhibited a small decline over time, while 

encapsulation efficiency and drug loading remained largely 

unchanged, suggesting effective retention of both 

Tamoxifen and Gemifloxacin within the hybrid carrier. A 

slightly greater degree of change was observed under 

room-temperature storage. After 90 days, the average 

particle size reached 231.4 ± 4.1 nm, accompanied by a 

modest increase in PDI and a gradual reduction in zeta 

potential. Importantly, the formulation remained readily 

dispersible after reconstitution, with no visible signs of 

aggregation, sedimentation, or phase separation under 

either storage condition. 

Overall, the results indicate that the lyophilized LCHNPs 

maintained their physicochemical integrity during storage, 

with refrigerated storage preserving formulation 

characteristics better than room-temperature storage. 

 

MTT assay 

According to the data, the nanoparticle hybrid Lipid-coated 

showed the highest cytotoxicity against MCF-7 cells 

compared with the drug TMX alone. Previous studies have 

demonstrated that the nanoformulation of TMX is less 

toxic to cancer cells than the free drug. The selectivity 

index values were determined using the provided equation. 

The SI values for Gemifloxacin, Gemifloxacin liposomes, 

Tamoxifen, Tamoxifen nanoparticles and the co-loaded 

formulation were 2.01, 2.18, 3.59, 4.24 and 5.62, 

respectively. These values suggest that LCHNPs can 

produce a more potent synergistic effect than the free forms 

(Fig. 5; Table 4). 

 

 
 

Fig. 4: FTIR spectra of (A) Tamoxifen drug; (B) Tamoxifen nanoparticles; (C) Gemifloxacin drug; (D) Gemifloxacin 

liposomes and; (E) LCHNPs. 

 

Table 3: Stability evaluation of lyophilized lipid-coated hybrid nanoparticles (LCHNPs) stored under refrigerated (4 ± 

2°C) and controlled room-temperature (25 ± 2°C/60 ± 5% RH) conditions for 90 days. Particle size, polydispersity index 

(PDI) and zeta potential were determined at predetermined intervals. Data are presented as mean ± SD (n = 3). 

 

Storage condition Time Particle size (nm) PDI Zeta potential (mV) 

4 ± 2°C Day 0 215.7 ± 2.3 0.07 ± 0.03 +0.60 ± 0.10 

  30 Days 217.1 ± 2.5 0.08 ± 0.02 +0.55 ± 0.09 

  60 Days 218.5 ± 2.8 0.09 ± 0.03 +0.49 ± 0.08 

  90 Days 220.3 ± 3.1 0.10 ± 0.03 +0.44 ± 0.08 

25 ± 2°C / 60 ± 5% RH Day 0 215.7 ± 2.3 0.07 ± 0.03 +0.60 ± 0.10 

  30 Days 220.6 ± 3.2 0.10 ± 0.03 +0.47 ± 0.09 

  60 Days 225.8 ± 3.6 0.12 ± 0.03 +0.36 ± 0.07 

  90 Days 231.4 ± 4.1 0.14 ± 0.04 +0.29 ± 0.06 
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Gene expression analysis by RT-PCR 

CT value of expression analysis  

Fold changes in gene expression were determined from the 

cycle threshold (Ct) values using the Livak method. The 

expression levels of CHEK2 and BRCA1 genes were 

quantified using Rotor-Gene Q. The expression was 

analyzed by adjusting the threshold value to 0.2. CT-value 

of CHEK2, BRCA1 and reference gene (GAPDH) was 

obtained after the end of the reaction. For specific 

amplification and dissociation of cDNA, the melt curve 

was run during the reaction and analyzed at the end. 

 

The mean (± SD) of the CHEK2 gene in the treatment 

group was 24.44 ± 0.64 and in the control group was 26.96 

± 0.94. The mean values indicate that expression in the 

treatment group was upregulated compared with the 

control group. The mean ± SD of the BRCA1 gene in the 

treatment group was 27.48 ± 0.89 and in the control group 

was 25.73 ± 0.25. The mean values indicate that expression 

in the treatment group was slightly downregulated 

compared with the control group. 

 

Comparison of the expression ratio of the CHEK2 gene 

The F-statistic (test statistic) of the one-way ANOVA was 

4.08 and the p-value was 0.05, indicating that the variances 

of the four groups are unequal. The mean and standard 

deviation (mean ± SD) of control was 0.34 ± 0.29 fold 

change increased, in Gemifloxacin liposomes (mean ± SD) 

was 1.02 ± 0.29 fold change increased, in Tamoxifen 

nanoparticles its increased in fold change was 1.96 ± 0.42 

and in Tamoxifen+Gemifloxacin co-loaded nanoparticles 

its increased was 2.67 ± 1.66. At the 0.05 level, the mean 

difference is significant. Statistical analysis shows a 

significant difference in CHEK-2 gene expression levels in 

breast cancer between treatments and controls. CHEK2 

gene expression was upregulated in female breast cancer 

patients (Fig. 6 a). 

 

Comparison of expression ratio of BRCA1 gene 

The test statistic (F value) of one-way ANOVA was 14.7 

and the p-value was 0.01, indicating that the variances of 

the four groups are not equal. The mean and standard 

deviation (mean ± SD) of control was 2.51 ± 0.54 fold 

change increased, in Gemifloxacin liposomes (mean ± SD) 

was 1.77 ± 0.43 fold change increased, in Tamoxifen 

nanoparticles its increased in fold change was 0.93 ± 0.22 

and in Tamoxifen + Gemifloxacin co-loaded nanoparticles 

its increased 0.65 ± 0.19. Statistical analysis reveals a 

significant difference in BRCA1 gene expression levels 

between breast cancer patients treated with different 

therapies and those in the control group. The expression of 

the BRCA1 gene was down-regulated in females with 

breast cancer (Fig. 6 b). 

 

 
 

Fig. 5: Percentage viability of MCF-7 cells after exposure to Gemi, Gemi lipo, TMX, TMX NPs and LCHNPs 

formulation. The mean ± standard deviation from three separate experiments is shown in the data. 
 

Table 4: IC50 and Selectivity index on Vero and MCF-7 cell lines. 
 

Drugs Cell lines IC50 µM Selectivity index          Remarks 

Tamoxifen Vero 28.25 3.59  Anticancer potential 

Tamoxifen MCF-7 7.86 

Tamoxifen nanoparticles Vero 26.59 4.24 Significant anticancer potential 

Tamoxifen nanoparticles MCF-7 6.27 

Gemifloxacin Vero 44.49 2.01 

 

Anticancer potential 

Gemifloxacin MCF-7 22.22 

Gemifloxacin liposomes Vero 32.78 2.18 Anticancer potential 

Gemifloxacin liposomes MCF-7 15.06 

Lipid-coated hybrid nanoparticles Vero 21.51 5.62 Significant anticancer potential 

Lipid-coated hybrid nanoparticles MCF-7 3.83  
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In-vivo studies 

Effect on tumor incidence and variation in tumor weight 

After 16 weeks, the animals were dissected and found 

tumor nodules in every rat in the DMBA group, indicating 

a 100% incidence. Meanwhile, the rats in the DMBA-

treated group that received free Gemifloxacin showed an 

83.3% tumor incidence. As for the free Tamoxifen drug 

group and the Lipid-coated hybrid nanoparticles group, 

tumor incidence was 50% and 16.7%, respectively, as 

presented in Table 5. 

 

In addition, the DMBA group of rats had the highest 

maximum tumor weight (16.50 ± 3.22 g) and the average 

tumor weight of the group with DMBA+ LCHNPs was the 

lowest (2.833 ± 0.752 g). Whereas the free Tamoxifen drug 

group and the group with free Gemifloxacin drug were 

found to have tumor weights of 10.11 ± 1.94 g and 12.17 ± 

2.31 g, respectively (Fig. 7). 

 

Biochemical analysis 

Biochemical parameters are widely used to assess organ 

function and systemic responses following 

pharmacological interventions. In the present study, serum 

bilirubin levels in animals receiving the formulated 

treatments remained largely comparable to those of the 

normal control group, whereas a pronounced elevation was 

observed in rats exposed to DMBA alone. Liver-associated 

enzymes serve as sensitive markers of hepatic stress and 

damage to hepatocytes or biliary structures is commonly 

reflected by increased circulating levels of alanine 

aminotransferase (ALT), alkaline phosphatase (ALP) and 

aspartate aminotransferase (AST). A significant rise in 

these enzymes was recorded in the DMBA-treated group, 

while values in rats administered free Tamoxifen, free 

Gemifloxacin, or lipid-coated hybrid nanoparticles 

(LCHNPs) remained within physiological limits. The 

observed enzymatic elevation in the DMBA group may 

reflect inflammatory responses and increased metabolic 

burden associated with the detoxification of xenobiotic 

compounds (Dakrory et al., 2015). 

 

Evaluation of renal function revealed that serum creatinine 

levels were markedly increased in animals treated with 

DMBA compared with the normal control group, whereas 

the difference between the Free Gemifloxacin and normal 

control groups was not statistically significant. In contrast, 

creatinine values in the remaining treatment groups did not 

differ significantly from normal controls. 

 
 

Fig. 6: Relative mRNA expression of (A) CHEK2 and; (B) BRCA1 genes following treatment with gemifloxacin 

liposomes, tamoxifen nanoparticles and tamoxifen-loaded PLGA nanoparticles. Gene expression levels were quantified 

by quantitative real-time PCR (qRT-PCR), normalized to GAPDH as the internal reference gene and expressed as relative 

fold change. Data are presented as mean ± SD. Statistical significance was determined using one-way ANOVA followed 

by Tukey's multiple comparison test. Bars bearing different superscript letters differ significantly (p < 0.05), whereas bars 

sharing the same superscript letter are not significantly different. 
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Similarly, urea concentrations were substantially elevated 

in the DMBA-treated rats, suggesting compromised renal 

function and possible structural alterations within renal 

tissues. Further assessment of total serum bilirubin 

confirmed that only DMBA exposure resulted in a 

significant increase, while no meaningful changes were 

detected in animals receiving nanoformulated treatments 

(Karimi et al., 2020). When considered collectively, the 

biochemical findings indicate that LCHNP administration 

did not adversely affect hepatic or renal physiology. A 

summary of the biochemical parameters measured in 

albino rats following treatment is presented in figure 8. 
 

Hematological analysis 

The Free Tamoxifen and Free Gemifloxacin groups 

showed changes in platelet and total leukocyte counts, 

while the LCHNPs group exhibited values generally closer 

to those of the Normal Control group..The DMBA group, 

Free Tamoxifen drug  and free Gemifloxacin drug showed 

varying changes in Hemoglobin and RBC (Red Blood Cell) 

count compared with the Normal Control group.. It was 

noted that the parameters varied only slightly in LCHNPs, 

which, in turn, indicated that this formulation had a safe 

profile. The hematological analysis results are shown in 

table 6. 

Histopathological examination 

Changes in breast tissues were observed after DMBA was 

administered to albino female rats; the pathogenesis of 

mammary carcinomas was investigated (Patil et al., 2026). 

The breast portion from normal rats (NC) did not show any 

signs of cancer in the histopathology reports. Each cell was 

characterized by round-to-oval vesicular nuclei, with some 

displaying nucleoli and somewhat eosinophilic 

cytoplasm.Breast tissue slices from LCHNPs in rats given 

DMBA showed a bounded lesion with patches of fibrosis 

and adenosis. No indication of cancer was found. Normal 

ductal epithelial lining surrounding the narrowed lumen 

and the outer exiguous layer of myoepithelial cells were 

seen in the mammary glands of non-treated rats (NC). The 

latter had a large number of fat cells and were covered by 

fibrous connective tissue. DMBA-treated rats exhibited 

varying degrees of morphological defects across their 

glands, which were characteristically accompanied by one 

or more aberrant pattern combinations. The ducts of most 

glands treated with DMBA were slightly expanded and 

contained dispersed cell clusters. The second lesion 

observed in the mammary glands of the DMBA-treated rats 

was an increase in cell density in the terminal ducts, which 

was correlated with an increase in cell counts.  

Table 5: Tumor incidence and nodule burden in experimental groups 
 

S. 

No. 

Groups Number of rats with nodules/ 

Total number of rats 

Tumor 

incidence (%) 

Total number of 

nodules observed 

1 Normal control 0/6 0 0 

2 DMBA control 6/6 100 15 

3 DMBA control + free Tamoxifen 3/6 50 7 

4 DMBA control + free Gemifloxacin 5/6 83.3 11 

5 DMBA control + LCHNPs 1/6 16.7 2 

 

 
 

Fig. 7: Comparison of tumor weight in the treatment groups. ** indicates p < 0.01, *** indicates p < 0.001 and **** 

indicates p < 0.0001. 
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These alterations in mammary glands were called 

hyperplastic. Normal breast tissue histology showed blood 

vessels, alveoli lined by cuboidal epithelial cells, 

interlobular secretory ducts, adipose cells, lactiferous ducts 

and dense connective tissue and note the changes among 

them compared with cancerous tissues. In the NC group, 

lobules, glands and ducts are intact, with no sign of 

malignancy. In the DMBA group, lobules are altered, 

glands and ducts are abnormal and tumor glands are 

present. In the Free TMX group, lobules, glands and ducts 

are abnormal and slightly altered. In the Free Gemifloxacin 

group, lobules and glands are altered; malignancy can be 

seen with a comedo pattern, while in LCHNPs, the 

Lobules, glands and ducts are intact and malignancy is not 

seen. Histological examination demonstrated infiltrating 

neoplasm composed of cells grouped into glands in tumor-

induced rats receiving only DMBA treatment (Fig. 9). 

 

 
 

Fig. 8: Comparison of biochemical parameters including (A) AST, (B) ALP, (C) ALT, (D) Creatinine, (E) Urea and (F) 

Total Bilirubin of albino rat blood following treatment with the formulations. Significance levels are indicated by 

asterisks: * indicates p < 0.05, ** indicates p < 0.01, *** indicates p < 0.001, and **** indicates p < 0.0001. 
 

Table 6: Comparison of hematological parameters among the experimental groups. 
 

Sr. 

No. 

Blood 

biomarkers 

NC 

(Mean ± SD) 

DMBA 

(Mean ± SD) 

Free Tam 

(Mean ± SD) 

Free gemi 

(Mean ± SD) 

LCHNPs 

(Mean ± SD) 

1 Hb (g/dL) 13.15 ± 0.72 9.750 ± 

0.36*** 

10.33 ± 0.68 *** 10.93±0.94*** 12.60 ± 0.65* 

2 RBCs (×10^6/µl) 5.58 ± 0.25 3.88 ± 0.25*** 5.10 ± 0.17** 5.08 ± 0.09** 5.33 ± 0.18ns 

3 TLC (x10^3/µl) 7.75 ± 0.13 3.26 ± 0.33*** 4.05±0.16*** 5.95 ± 0.28** 6.63 ± 0.26** 

4 HCT (%) 28.10 ± 0.67 20.32 ± 

0.87*** 

24.0± 0.60 ** 25.42 ± 0.86** 26.43 ± 0.99* 

5 MCV (fL) 48.42 ± 0.31 49.25 ± 0.40* 48.50±0.65ns 47.82 ± 0.90 ns 48.63 ± 0.15 ns 

6 MCH (pg) 18.28 ± 0.18 17.52 ± 0.19** 17.15±0.05** 18.37 ± 0.13 ns 18.22 ± 0.09 ns 

7 MCHC (g/dL) 47.52 ± 0.27 44.07 ± 0.13** 44.95±0.28** 45.42 ± 0.27* 46.75 ± 0.19* 

8 Platelets 

(×10^3/µl) 

637.0 ± 4.85 348.0 ± 

9.63*** 

131.5±7.79*** 585.3 ± 5.42** 623.3 ± 11.71* 
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Fig. 9: Histological examination of mammary gland tissues from different experimental groups. (A–C) Normal control 

group showing preserved lobular structures (blue arrow) and intralobular ducts (yellow arrow); red triangle in (C) 

indicates a normal duct; (D–F) DMBA-treated group displaying disrupted architecture, cellular atypia and tumor embolus 

formation (yellow arrow in F); (G–I) Tamoxifen-treated group showing partial restoration of normal architecture and 

reduced atypia; (J–L) Gemifloxacin-treated group revealing moderate preservation of tissue structures with decreased 

neoplastic changes; (M–O) LCHNPs-treated group exhibiting marked improvement with near-normal lobular and ductal 

morphology and reduced pathological alterations. Magnification: 40× for panels (D), (F), (G), (H), (I), and (K); 10× for 

all remaining panels. 
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DISCUSSION 

 

This study demonstrates the successful development of 

lipid-coated hybrid nanoparticles (LCHNPs) as a dual-drug 

delivery platform for breast cancer therapy, integrating 

Tamoxifen and Gemifloxacin within a single 

nanoplatform. By combining a PLGA-based polymeric 

core with a lipid shell, the formulation was designed to 

exploit the structural stability of polymeric nanoparticles 

alongside the biomimetic and drug-retentive properties of 

liposomes (Yao et al., 2020). The collective findings from 

physicochemical, biological and in-vivo studies confirm 

that this hybrid design offers clear advantages over free 

drugs and single-drug nanoformulations. Liposome-based 

drug delivery systems functionalized for breast cancer 

treatment remain an important area of research, with recent 

studies highlighting their ongoing potential to improve 

targeted therapeutic outcomes (Bishal et al., 2025). 

 

In the current research work, PLGA nanoparticles 

encapsulating Tamoxifen were fabricated using a solvent 

evaporation technique; Gemifloxacin liposomes were 

prepared using the thin-film hydration technique; and lipid-

polymer hybrid nanoparticles were created using the fusion 

method (Ain et al., 2025; Patil et al., 2026). Previous 

studies have shown that the combination of Tamoxifen and 

fatostatin enhances the antitumor response in estrogen 

receptor-positive (ER-positive) breast cancer and may 

improve the therapeutic profile compared with either agent 

alone (Liu et al., 2020; Pandey et al., 2015). Hormonal-

dependent breast cancer and colon cancer cell lines were 

the subject of studies that confirmed that only 

Gemifloxacin among fluoroquinolones (FQs) can hinder 

metastasis in the case of breast cancer (Chen et al., 2014; 

Kan et al., 2013). These nanoparticles allow encapsulation 

of hydrophilic and hydrophobic drugs: Tamoxifen as the 

core and Gemifloxacin in the lipid bilayer shell. 

Furthermore, while the combined administration of 

Tamoxifen and Gemifloxacin produced improved 

anticancer activity compared with the individual 

formulations, formal pharmacological synergy was not 

evaluated using quantitative approaches such as 

Combination Index or Bliss independence analysis. 

Therefore, the observed effects should be interpreted as 

evidence of enhanced therapeutic activity rather than as 

confirmed drug synergy. This system may increase 

therapeutic efficacy, circulation time and drug 

bioavailability while minimizing systemic toxicity 

(Massadeh et al., 2020). However, as pharmacokinetic and 

biodistribution studies were not conducted in the present 

work, these potential benefits remain inferential and 

require direct experimental confirmation. 

 

The dimensions of the nanoparticles, liposomes and co-

loaded formulation were 175.3 ± 1.97 nm, 201.2 ± 2.45 nm 

and 215.7 ± 2.25 nm, respectively, while the zeta potentials 

of the nano, lipo and co-loaded formulations were 5.5 mV, 

-12.9 mV and 0.6 mV, respectively. Although the zeta 

potential of the lipid-coated hybrid nanoparticles was close 

to neutral (+0.6 mV), no evidence of particle aggregation 

or precipitation was observed during storage. This finding 

suggested that colloidal stability was maintained 

predominantly through steric stabilization provided by the 

phospholipid coating rather than electrostatic repulsion 

alone. However, colloidal stability in lipid-coated hybrid 

nanoparticles is not governed exclusively by surface 

charge. The presence of the phospholipid shell and DSPE-

PEG2000 provides effective steric stabilization by creating 

a hydrated polymer layer around the nanoparticle surface, 

thereby reducing van der Waals attraction and minimizing 

particle aggregation. Process of drug delivery using a 

combination of nanoparticles and liposomes has been 

reported, with release percentages of 96.41 ± 0.66% and 

91.22 ± 1.1% for the respective methods. These 

percentages were consistent with the previously reported 

value (85.7%) for polymer-lipid nanoparticles (Jeong et al., 

2001). The FTIR spectra of Tamoxifen NPs and 

Gemifloxacin revealed distinct characteristic peaks 

consistent with previous studies (Sadeek et al., 2015; 

Sahana et al., 2010). The lipid-coated hybrid nanoparticles 

demonstrated satisfactory stability over a 90-day storage 

period under both refrigerated and room-temperature 

conditions. Only a minor increase in particle size was 

detected during storage, particularly under refrigerated 

conditions. Such changes were commonly observed in 

polymeric nanocarriers and generally associated with 

gradual polymer relaxation or limited particle interactions 

rather than irreversible aggregation. Since the increase in 

particle diameter was relatively small, the formulation 

remained within the optimal nanoscale range required for 

efficient passive tumor accumulation. The low PDI values 

recorded throughout the study indicated that the particle 

population remained homogeneous during storage. 

Likewise, the slight reduction in zeta potential over time 

did not appear to compromise colloidal stability, as no 

visible aggregation or precipitation was observed after 

reconstitution. Although the developed lipid-coated hybrid 

nanoparticles exhibited satisfactory physicochemical 

stability during storage, their stability in physiological 

environments containing serum proteins was not evaluated 

in the present study. 

 

The present study was performed using the MCF-7 breast 

cancer cell line as an initial proof-of-concept model. 

Although this model is widely used to evaluate Tamoxifen-

based therapies, additional investigations using multidrug-

resistant, HER2-positive and triple-negative breast cancer 

cell lines are necessary to determine the broader 

therapeutic applicability of the developed lipid-coated 

hybrid nanoparticles. The cytotoxicity assay revealed that 

TNPs induced greater cell death compared to free 

Tamoxifen citrate (Sandoval-Vasquez et al., 2026). The 

cytotoxicity of the latter was concentration-dependent and 

cell viability was significantly reduced from 70.13% to 
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21.81% when the concentration was increased from 12.5 

μM to 200 μM (Maji et al., 2014). This improvement can 

be attributed to the combined therapeutic effect of 

Tamoxifen-mediated estrogen receptor blockade and 

Gemifloxacin-induced DNA damage, which collectively 

drive cancer cells toward apoptotic pathways. 

 

The gene CHEK2, which is responsible for DNA repair and 

cell-cycle regulation, was reported to be up-regulated in the 

LCHNP-treated group with a remarkable fold change of 

1.96, while BRCA1 was down-regulated by 0.93 in the 

LCHNP treated group. The observed upregulation of 

CHEK2 and downregulation of BRCA1 suggested that the 

developed formulation may influence molecular pathways 

associated with the cellular DNA damage response. 

However, these findings are based exclusively on 

transcript-level data and require validation through 

complementary protein expression analyses and functional 

assays to confirm their biological significance. 

 

This coordinated modulation may indicate a synthetic 

vulnerability-like effect, whereby breast cancer cells 

become less capable of coping with accumulated genomic 

damage, thereby increasing their sensitivity to treatment. 

However, this interpretation remains hypothetical because 

functional assays evaluating DNA damage, apoptotic 

signaling and protein expression were not included in the 

present study. Further mechanistic investigations are 

therefore required to validate this proposed mode of action. 

These results were also consistent with a previous 

investigation that indicated a significant change in the gene 

expression of cancer cells in the LCHNPs-treated group 

(Hoxha et al., 2024; Kliesch et al., 2022). 

 

The outcome of the current in-vivo experiment indicated a 

significant reduction in both tumor incidence and weight in 

the LCHNP-treated group. More specifically, tumor 

occurrence was only 16.7% in the LCHNP-treated group, 

whereas it was 100 percent in the DMBA control group. 

Moreover, the mean tumor weight in the LCHNP-treated 

group was significantly lower (2.83 g) than that of the 

DMBA-treated alone group (16.5 g). Notably, these 

outcomes corroborated previous investigations showing 

that lipid-derived nanoparticles have enhanced stability 

and drug-delivery capacity in the treatment of aggressive 

cancer subtypes, such as TNBC. Similarly, a recent study 

employed nanoparticle-based chemoprevention in the 

DMBA-induced mammary tumor model reported 

comparable reductions in both tumor incidence and tumor 

burden (Alamelu et al., 2026). 

 

Although the developed lipid-coated hybrid nanoparticles 

demonstrated promising therapeutic efficacy and favorable 

short-term safety in the DMBA-induced breast cancer 

model, several limitations should be acknowledged, 

including the evaluation of drug release only at 

physiological pH (7.4), without assessment under the 

acidic tumor microenvironment (pH 5.0–6.5), where 

altered pH conditions may influence drug release and 

availability.Additional analytical validation, including 

fusion efficiency determination, analytical recovery 

studies and amplification efficiency assessment, is also 

warranted.These would further strengthen the 

reproducibility and robustness of the methodology and 

should be considered for future investigations. 

Furthermore, the proposed molecular mechanism was 

investigated only at the transcript level using CHEK2 and 

BRCA1 expression, with no protein validation (Western 

blot, ELISA, immunohistochemistry) performed and no 

apoptosis markers were measured. In addition, the limited 

number of biological replicates for RT-PCR reduced the 

statistical power of the analysis. Therefore, the present 

findings should be considered preliminary molecular 

evidence that supports the proposed mechanism of action. 

Another suggestion for future work is longitudinal body 

weight monitoring and additional formulation control 

groups. The biological evaluation was also restricted to a 

single estrogen receptor-positive MCF-7 cell line; the 

absence of multidrug-resistant, HER2-positive and triple-

negative breast cancer models limits the generalizability of 

the observed antitumor effects across the molecular 

subtypes of breast cancer and should be addressed in future 

studies. Finally, pharmacokinetic, biodistribution, 

immunogenicity and long-term toxicity studies remain 

necessary before the developed formulation can be 

considered for clinical translation.  

 

CONCLUSION 

 

The lipid-coated hybrid nanoparticles developed in this 

study showed favorable physicochemical characteristics, 

controlled drug release and promising antitumor activity in 

the experimental breast cancer model. The dual-drug 

formulation containing Tamoxifen and Gemifloxacin 

demonstrated greater anticancer activity than the individual 

formulations, indicating the potential of Gemifloxacin as a 

repurposed adjunct to Tamoxifen. Changes in CHEK2 and 

BRCA1 expression may indicate involvement of DNA 

damage response pathways; however, these findings are 

limited to transcript-level analysis and require further 

mechanistic validation.  
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