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Abstract 
 

Lipid-polymer hybrid nanoparticles (LPHNPs) are innovative composite structures featuring a core-shell design, 

with a polymeric nanoparticle core surrounded by PEGylated lipid layers. This architecture combines liposome 

circulation with nanoparticle strength, offering a promising solution for multidrug-resistant cancers. The current 

study aimed to develop an integrated platform that leverages these advantageous characteristics. To achieve this, 

Tamoxifen-loaded nanoparticles were formulated using emulsion solvent evaporation technique with PLGA poly 

(lactic-co-glycolic) acid polymer, while Doxycycline-containing liposomes were developed through a film 

hydration method. These two components were then combined to fabricate LPHNPs. A range of physicochemical 

and structural analyses, including dynamic light scattering (DLS), laser diffraction analysis (LDA), and scanning 

electron microscopy (SEM), were performed. Cellular cytotoxicity was quantitatively assessed using the MTT 

assay, and biocompatibility was evaluated through in vivo acute toxicity tests on female albino mice. The average 

hydrodynamic sizes of Tamoxifen and Doxycycline formulations were 198.80 ± 2.10 nm and 100.5 ± 1.29 nm, 

respectively. After coating Tamoxifen nanoparticles with Doxycycline liposomes, resultant LPHNPs exhibited a 

diameter of 200.4 ± 2.51 nm and a zeta potential of 4.45 ± 2.51 mV. Notably, LPHNPs demonstrated a significant 

increase in cytotoxicity (p < 0.001) and showed reduced in vivo toxicity compared to free drugs, with no 

discernible toxicity observed in histopathology of vital organs, confirming their safety and efficacy. 
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Introduction 
 

Combination therapy in cancer treatment has proven 

to be more effective than single-drug approaches. This 

approach can notably decrease side effects, enhance 

efficacy, and possibly address multidrug resistance, a 

major obstacle to anticancer chemotherapy's 

effectiveness (Ali et al., 2021a). Combination 

chemotherapy harnesses synergistic effects from 

various drugs to enhance therapeutic outcomes and 

potentially mitigate side effects by triggering cell 

apoptosis through diverse signaling pathways (Liu et 

al., 2021; Saif et al., 2024b). To achieve optimal 

enhancement, it is imperative to co-localize 

therapeutic agents with distinct mechanisms of action 

within tumor cells. Using these nano drug delivery 

techniques, Anticancer medications can exhibit 

enhanced solubility and bioavailability, increased 

potency even at lower effective dosages, decreasing 

the tumor's volume or viability of cancer cells in 

comparison to when therapies were given separately 

(Saif et al., 2024a). 

Breast cancer is the primary cause of cancer related 

deaths among women worldwide. Estrogen receptor-

positive tumors are present in about 75% of cases of 

breast cancer, for which Tamoxifen serves as the 

primary treatment approach (Ismail et al., 2022). 

Tamoxifen, an antiestrogen, is effectively employed in 

clinical breast cancer treatment for both pre- and post-

menopausal women. However, when Tamoxifen is 

taken orally, side effects include pulmonary 

embolism, hot flashes, visual abnormalities and deep 

vein thrombosis and some types of cancer may occur. 

Encapsulating Tamoxifen into a nanoparticulate 

system offers the potential to modify its 

pharmacokinetic parameters, thereby reducing side 

effects and enhancing system efficacy. PLGA 

nanocarriers have been explored to transport drugs to 

their intended target sites. Due to their 

biocompatibility and biodegradability, PLGA 

nanoparticles present compelling options for the 

systemic delivery of Tamoxifen. Doxycycline is FDA 

approved antibiotic and has a wide range of 

antimicrobial activities and a well-defined safety 

profile. It was originally used to treat respiratory 

ailments. In addition, Doxycycline has an excellent 

safety history when used for a prolong time and is a 

well-tolerated drug. Pregnant women and children can 

also use doxycycline safely because it has no record of 

teratogenic effects, and has anti-proliferative and 

cytotoxic effects (Chhipa et al., 2005; Markowska et 

al., 2019). Studies showed its effectiveness against 

various types of cancers i.e., breast, colon, 

mesothelioma, osteosarcoma, renal, prostate, and 

melanoma cell lines (Fife and Sledge Jr, 1995; Onoda 

et al., 2006; Rubins et al., 2001; Seftor et al., 1998). 

Protein formation is inhibited by Doxycycline in the 

way to disrupt the binding of activated aminoacyl 

transfer RNAs with 30S bacterial ribosomal subunit. 

The 28S mitochondrial ribosome of mammalian cells 

is like a 30S bacterial ribosomal unit, therefore, the 

mitochondrial biogenesis in mammalian cell is 

inhibited with the use of Doxycycline. It also inhibits 

self-renewal of Breast cancer stem cells and its 

proliferation because it prevents the regeneration of 

those factors that develop stem cells, e.g., Sox2-SRY 

(Sex Determining Region Y)-box 2, Oct4 (Octamer-

binding transcription factor) 4, c-myc (Cellular 

Myelocytomatosis Viral Oncogene Homolog) and 

Nanog (Nanog Homeobox). These factors play 

important roles in maintaining stem cell properties and 

are involved in the self-renewal and pluripotency of 

stem cells. Doxycycline causes downregulation of 

EMT (Epithelial to mesenchymal transition) related 

markers as a result it causes EMT inhibition, BCSCs 

migration and invasion (Markowska et al., 2019; Zeng 

et al., 2020). Doxycycline primarily inhibits MMP-2 

and MMP-9, making it a well-tolerated and more 

efficient matrix metalloproteinase inhibitors within the 

tetracycline class of drugs (Onoda et al., 2004). 

Studies indicated that doxycycline exhibits anti-

angiogenic effects (Gu et al., 2001).  

Drug encapsulation within liposomal or lipid-based 

delivery systems improves pharmacokinetic and 

pharmacodynamic properties and enhances drug 

efficacy, that is a key focus of research in drug 

delivery and design. Liposomes have been shown to 

boost the therapeutic index of various drugs by either 

increasing potency or reducing toxicity. By 

encapsulating drugs in liposomes, their distribution 

can be modified, restricting access to intact cells while 

facilitating entry into malignant cells (Karami, 2023). 

The Primary objective of current study was to 

formulate innovative lipid polymer hybrid 

nanoparticles (LPHNPs), consisting of a liposomal 

membrane surrounding a core of nanoparticles. The 

current study offered a synergistic approach using this 

nanocarrier system for cancer cell therapy by releasing 

two different drug moieties. Formulations containing 

Tamoxifen and Doxycycline were evaluated for their 

diameter distribution and surface charge using DLS 

and LDA, respectively. Morphological features were 
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analyzed using Scanning Electron Microscopy (SEM). 

Furthermore, in vitro cell viability assays were 

performed on both breast cancer cells and Vero cells. 

IC50 concentration was calculated for free Tamoxifen, 

Tamoxifen-loaded PLGA nanoparticles, free 

Doxycycline, Doxycycline-loaded liposomes, and 

lipid polymer hybrid nanoparticles (LPHNPs). Acute 

in vivo toxicity studies were carried out on female 

albino mice, encompassing blood biochemistry studies 

and histological investigations (Ali et al., 2023). 

 

Material and Methods 
 

Tamoxifen citrate was purchased from Wuhan’s 

Pharmaceutical, Doxycycline Hyclate was obtained as 

gift sample from Rasco pharmaceutical (Lahore, 

Pakistan). DPPC (Dipalmitoylphosphatidylcholine), 

DPPE-mPEG5000, DPPG (, PLGA (Resomer® RG 

503 H, PVA, Mowiol 4–88, Polysorbate 80 (Tween 

80), MTT dye were acquired from Sigma Aldrich 

Chemical co. (St. Louis, MO). Organic solvents of 

HPLC quality, chloroform, methanol, ethanol, ethyl 

acetate were acquired from the postgraduate 

laboratory of The College of Pharmacy, Punjab 

University. Sterile filtered ultrapure miliQ and RO 

water obtained from WTO laboratory UVAS (Lahore, 

Pakistan), chitosan, acetic acid (1% v/v), dialysis 

membrane, NaOH, HCL, penicillin, streptomycin, 

amphotericin B, FBS, trypsin-EDTA (0.25%), 

bicarbonate buffer, syringe filter (0.22μm), DMSO 

(10%), DMEM and RPMI 1640 medium, all materials 

were analytical grade, obtained from same source and 

used as received. PBS was freshly prepared, sterilized 

through filtration, and stored in the refrigerator for 

subsequent use. 

 

Development of Tamoxifen loaded nano 

carriers 
The emulsion solvent evaporation technique was used 

to prepare PLGA nanoparticles loaded with tamoxifen 

and blank nanoparticles. In short, 1 mg/mL of 

tamoxifen was solubilized in ethyl acetate to create a 

tamoxifen stock solution. A 100 milligram PLGA 

polymer was mixed in 5 milliliters of ethyl acetate 

consisting of 2 milligrams of tamoxifen. To create 

nanoparticles, the organic phase was subjected to 

filtration with syringe filter (0.2 μm), then added 

dropwise to an aqueous medium of PVA solution (1% 

w/v). After forming an o/w emulsion, it was uniformed 

for 10 minutes at 15,000 rpm using an Ultra-Turrax 

homogenizer. 1 mL (0.10%) of chitosan was 

introduced to the created nano-emulsion. The 

ultrapure water was added dropwise to make up the 

volume up to 30 mL, and left it overnight for 

evaporation to enhance nanoprecipitation. Blank 

nanoparticles were prepared using a similar process, 

with the exception of adding the Tamoxifen stock 

solution. The next day, the entire organic solvent was 

evaporated, and nanoparticle suspension was spun 

using a centrifuge for 45 seconds at 2000x to remove 

any flakes or agglomerates. In order to remove the 

drug that was not encapsulated from the nanoparticles, 

formed pellet was disposed of and supernatant was 

cleaned with water. Nanoparticles were washed twice 

for 20 min at 16000x g. After that, suspension of 

nanoparticles was freeze-dried using a lyophilizer with 

a cryoprotectant such as PVA (0.2% w/v). Until 

further examination, lyophilized nanoparticles were 

kept between 2 and 8 °C (Duse et al., 2019). 

 

Development of Doxycycline liposomal 

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

dissolved in methanol and chloroform solution. 

Doxycycline added in these lipids at a ratio of 1:20 for 

drug-loaded liposomes. At 45 °C, a rotary evaporator 

was used to evaporate organic solvents. To create the 

liposomes, 1 mL of PBS (pH 7.4) was used for film 

hydration process, which was then vigorously shaken. 

To convert the pre-formed liposomes from 

multilamellar liposomes to unilamellar liposomes, 

sonicated for 40 minutes in a bath-style sonicator. 

(Mahmoud et al., 2018). 

 

Formation of lipid polymer hybrid 

nanoparticles 
The fusion process was used to create lipid layer on 

particle surface. In brief, a suitable amount of DOXY 

LPs was mixed to TMX NPs suspension and blended 

properly. Formulation was subsequently sonicated for 

40 min, and incubated for an hour, a self-organized 

lipid bilayer spontaneously fused to surface of 

nanoparticles (Schäfer et al., 2008; Vickers, 2017; 

Rasool et al., 2024). 

 

Hydrodynamic diameter and ζ potential 

assessment 
Dynamic light scattering and laser doppler 

anemometry were used, outfitted with a 10 mW HeNe 

laser operating at 633 nm and a scattered light 
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detection system positioned at 173° at 25ºC. The 

machine automatically adjusted laser attenuation and 

measurement positions for each measurement. Particle 

size, PDI, and charge on surface were consistently 

observed for all samples using a disposable capillary 

cell. Before analysis, samples were diluted (1:100) 

with pure water. When interpreting results, water 

viscosity (0.88 mPa.s) and refractive index (1.33) were 

taken into consideration. Results are presented as 

mean ± S.D. 

 

Efficiency of drug encapsulation (EE%) 
The ratio of the amount of encapsulated substance in 

the liposome to the total weighted substance is known 

as the encapsulation efficiency (Zhang et al., 2004). 

Column chromatographic separation approach is 

helpful for separating free drugs from drug-loaded 

liposomes, known as gel filtration method since 

Sephadex and Sepharose columns are the most widely 

used chromatographic columns. Typically, separation 

takes place in a column filled with porous beads like 

Sephadex and agarose gel. Larger particles, such as 

liposomes, cannot enter the pores during the elution 

process and can be eluted more quickly than 

comparatively low molecular weight particles, which 

can enter the pores more readily and stay in them for 

extended time period. This allows the separation of 

drug-encapsulated liposomes from non-encapsulated 

drug by utilizing the differential in retention time (Lin 

and Qi, 2021). The Sephadex G-50 column is first 

filled with 0.5 mL of liposomal suspension. Phosphate 

Buffer Solution (pH 7.4) is then added as the eluent for 

liposome purification, flowing at a rate of 0.5 mL/min. 

One tube is used to collect each 2 mL of eluate. The 

eluate's turbidity is monitored, or the drug and lipid 

concentrations in the eluate are measured, in order to 

collect the liposomes (Yang et al., 2013). Initially, the 

liposomes were eluted with PBS (pH 6.5) after being 

separated from the free drug by gel filtering through a 

SephadexG-50 column (AlMajed et al., 2022; Lin and 

Qi, 2021; Yang et al., 2013). 

The solvent extraction method revealed EE % of 

PLGA nanoparticles loaded with Tamoxifen. 

Unentrapped medication was separated from 1 mL of 

freshly generated nanoparticle suspension by 

centrifuging it at 16000x g for 20 minutes using 

centrifuge. After supernatant was removed, 

acetonitrile was poured in an equivalent volume. In a 

similar manner, 1 mL of acetonitrile was added to 

nanoparticle pellet to dissolve it, drug was fully 

extracted by sonicating mixture for 15 minutes. 

Absorbance measured using a UV/VIS 

spectrophotometer at 230 nm (Pandey et al., 2015; Yu 

et al., 2020). Without drugs nanoparticles were used as 

a blank control. Using calibration curves created in 

same media with known doses of tamoxifen, amount 

of medication encapsulated was measured. 

The standard curve for Doxycycline was formed in 

both ethanol and PBS 7.4 phosphate buffer solution. 

The EE (%) was calculated using equation 1, and 

determine the loading capacity using equation 2. 

 

𝐄𝐄(%) =
𝐀𝐦𝐨𝐮𝐧𝐭 𝐨𝐟 𝐝𝐫𝐮𝐠 𝐞𝐧𝐜𝐚𝐩𝐬𝐮𝐥𝐚𝐭𝐞𝐝

𝐓𝐨𝐭𝐚𝐥 𝐃𝐫𝐮𝐠
× 𝟏𝟎𝟎 --------

Equation1 
 

𝐋𝐂(%) =
𝐀𝐦𝐨𝐮𝐧𝐭 𝐨𝐟 𝐝𝐫𝐮𝐠 𝐞𝐧𝐜𝐚𝐩𝐬𝐮𝐥𝐚𝐭𝐞𝐝

𝐃𝐫𝐲 𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐧𝐚𝐧𝐨𝐩𝐚𝐫𝐭𝐢𝐜𝐥𝐞𝐬
× 𝟏𝟎𝟎      -------- 

Equation 2 

 

Structure analysis by scanning electron 

microscopy (SEM) 
It is a widely employed technique for characterizing 

nanomaterials and nanostructures. Signals resulting 

from electron-sample interactions provide insights 

into the sample's surface morphology (texture) and 

chemical composition (Sharmin and Bhuiyan, 2019). 

Subsequently, sterilized nanoparticles were securely 

mounted on SEM stubs using adhesive tape. NPs were 

then placed in SEM sample chamber and scanned at 

various magnifications ranging from ×15,000 to 

×35,000 and an operating voltage of 20–30 kV (Verma 

and Maheshwari, 2018). 

 

In vitro drug release analysis 
Release pattern of TMX NPs was tested in PBS (pH 

7.4) with 1% (v/v) tween 80. The drug-containing 

nanoparticle pellet (0.5 mg) was reconstituted in 5 mL 

of PBS (pH 7.4) containing tween 80 (1 %), incubated 

at 100 rpm at 37 ºC in a shaking incubator. A 0.5 mL 

sample was taken every day for next few days at 

predetermined times. Material was separated from 

supernatant after it was centrifuged for 10 minutes at 

15000x g. The pellet was again suspended in 1% tween 

80 in fresh PBS (pH 7.4) and added back to initially 

formed nanoparticle suspension to ensure sink 

conditions. Tamoxifen content in supernatant was 

found using spectrophotometer at 236 nm wavelength. 

Following experiment, acetonitrile was used to 

dissolve pellet of nanoparticle to determine remaining 

drug content within nanoparticles (Ahmad et al., 2020; 

Pérez et al., 2012). 
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Cell culture protocols 
The in vitro cytotoxic potential was assessed using 

MTT assay. MCF-7 cells and Vero cells were obtained 

from the Quality Operation Laboratory at UVAS. 

These cells were cultured in a 96-well plate and 

maintained at 37 °C with 7 % CO2 under humidified 

conditions. Culture medium was refreshed every other 

day, cells were grown as single layer (Senthilraja and 

Kathiresan, 2015). Formulation samples were serially 

diluted in DMEM at a conc. of 12.6 g/L. These 

included various concentrations of free Tamoxifen, 

Tamoxifen-loaded NPs (200-0.78 µg/mL), free 

Doxycycline, Doxycycline-loaded LPs (200-0.78 

µg/mL), and LPHNPs (200-0.78 µg/mL). The 

depleted growth medium from 96-well plates was 

replaced with 100 μL of each drug dilution. The cells 

were then incubated for 24 hours. On the following 

day, 100 μL of 0.25% MTT dye was added to each 

well and incubated for an additional 4 hours. After 

incubation, the MTT dye was removed, and to 

solubilize formazan crystals 100 μL of 10% DMSO 

was added. All drug formulations and combinations 

were tested in triplicate. Optical density of each well 

was measured at 570 nm using an ELISA reader 

(Nankali et al., 2020). 

The (%) of cell growth inhibition was calculated using 

equation 3:  

 

Growth inhibition (%) 

= {𝟏 −
𝐎𝐃(𝐭𝐞𝐬𝐭)−𝐎𝐃(𝐛𝐥𝐚𝐧𝐤)

𝐎𝐃(+𝐯𝐞 𝐜𝐨𝐧𝐭𝐫𝐨𝐥)−𝐎𝐃(𝐛𝐥𝐚𝐧𝐤)
} × 𝟏𝟎𝟎    ---------- 

Equation 3 

 

where ODtest, OD+ve control and ODblank denote the 

average optical densities measured at 570 nm for test 

sample, +ve control, and blank, respectively 

(Abdmouleh et al., 2020).  

 

IC50 and selectivity index (SI).  
The IC50 values, representing the drug concentrations 

required to inhibit cell growth by 50% in inoculated 

wells, were determined. These values were utilized to 

calculate the selectivity index (SI), assessing the 

cytotoxic specificity towards cancer cells compared to 

normal cells.  

 

Cell viability (%) =(
𝐀𝐛 (𝐬𝐚𝐦𝐩𝐥𝐞) − 𝐀𝐛 (𝐛𝐥𝐚𝐧𝐤)

𝐀𝐛 (𝐜𝐨𝐧𝐭𝐫𝐨𝐥) − 𝐀𝐛 (𝐛𝐥𝐚𝐧𝐤)
)x100   --

-------- Equation 4 

 

Here, Ab Sample and Ab Control represent optical 

densities of treated and untreated samples, 

respectively. Ab Blank refers to optical density of 

well containing medium without any cells. Values are 

presented as mean ± standard deviation (SD), with 

each experiment conducted in triplicate (Moin et al., 

2021). 

 

[𝐒𝐈] =
𝐈𝐂𝟓𝟎 𝐨𝐟 𝐝𝐫𝐮𝐠 𝐢𝐧 𝐧𝐨𝐫𝐦𝐚𝐥 𝐜𝐞𝐥𝐥 𝐥𝐢𝐧𝐞

𝐈𝐂𝟓𝟎 𝐨𝐟 𝐝𝐫𝐮𝐠 𝐢𝐧 𝐜𝐚𝐧𝐜𝐞𝐫𝐨𝐮𝐬 𝐜𝐞𝐥𝐥 𝐥𝐢𝐧𝐞
 ---------- 

Equation 5 

 

SI value below 2 suggests general cytotoxicity against 

normal cells, whereas values above 2 and 3 indicate 

good and excellent selectivity against cancerous cells, 

respectively (Lafi et al., 2021). 

 

In vitro cytotoxicity analysis 
Different quantities of Doxycycline-loaded liposomes, 

properly diluted with the medium, varying from 200 

µM to 0.05 µM, were employed for in vitro 

cytotoxicity. Cells lacking any liposomal formulation 

were regarded as a -ve control, whereas free 

doxycycline dissolved in DMSO was used as a normal 

reference. The optimal size for additional 

investigations was determined to be TMX NPs with 

mean hydrodynamic size of 198 nm, based on 

outcomes of cell viability assay and the 

physicochemical characterizations. As a result, 

DPPC/cholesterol/mPEG5000-DPPE liposomes 

loaded with Doxycycline were coated on these 

nanoparticles. The LPHNPs that were used to 

transport tamoxifen and doxycycline to the MCF-7 

malignant cells were also subjected to a cell survival 

assessment. To achieve this, comparable amounts of 

all respective formulations were incubated for four 

hours with MCF-7 cells. After incubation, a fresh 

medium was used. MTT test was used next day to 

assess cell viability. 

 

In vivo acute toxicity evaluation 
The in vivo acute toxicity studies were conducted on 

mice over a 14-day period, following guidelines set by 

the Organization for Economic Cooperation and 

Development (OECD) 425. All experiment 

procedures were conducted in accordance with 

protocols authorized by Institutional Bioethics 

Committee of the University of Veterinary and Animal 

Sciences, Lahore. Briefly, healthy female albino mice, 

weighing 30–35 g and aged 8–10 weeks, were 

procured and randomly allocated into six groups, each 
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consisting of three animals. All animals had 

unrestricted access to water and commercial 

laboratory chow, housed under controlled conditions 

with a temperature of 22 ± 2 °C, relative humidity of 

60 ± 10%, and a 12-hour light/dark cycle. Group 1 

received normal saline and served as the control group. 

Group 2 was administered free TMX, dissolved in 

0.10% DMSO, while Group 3 received TMX-loaded 

NPs, with the Tamoxifen dose equivalent to 5 mg/kg 

body weight in both cases. Group 4 received free 

DOXY, dissolved in 0.1% DMSO, while Group 5 was 

treated with DOXY-loaded LPs. Group 6 was 

administered LPHNPs. The formulations were 

delivered every other day through intraperitoneal 

injection using a 1 cc syringe. Animals were 

monitored for 1 to 14 days for changes in body weight, 

mortality, and behavioral patterns. Following 14 days 

of observation, blood was drawn from mice for 

hematological and biochemical analysis, and tissues 

were isolated for histological analysis. 

 

Relative organ weight calculation 
It is an essential metric for assessing toxic impact of 

nano formulations on the organs of mice following 

repeated administrations. Organ weight changes were 

measured after 14 days of treatment. Animals were 

euthanized through cervical dislocation. 

Subsequently, the organs were extracted, thoroughly 

rinsed with saline solution, and weighed. Weight of 

organs was subsequently compared to those of control 

group to calculate the organ body weight index using 

the following formula:  

 

Body visceral index (%) =
𝐖𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐨𝐫𝐠𝐚𝐧

𝐖𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐛𝐨𝐝𝐲
 × 𝟏𝟎𝟎----

------ Equation 6 

 

Microscopic pathological tissue analysis  
To assess potential pathological changes (including 

abnormalities or lesions) induced by the formulations, 

histopathological analyses were performed as 

outlined. In summary, following euthanasia, the major 

organs were excised and gently rinsed with normal 

saline. They were then promptly immersed in a 10% 

formalin solution for preservation. The organs were 

next encased in paraffin blocks and precisely cut into 

0.50 μm thin sections with a rotary microtome. The 

tissue slices were then adhered to glass slides and 

subjected to staining with hematoxylin-eosin and 

Periodic Acid-Schiff (PAS) reagents. The prepared 

slides were examined microscopically, and images 

were captured with a microscope (Ali et al., 2021a). 

 

Statistical analysis 
Graph Pad Prism 9 was used to do one-way ANOVA 

with post hoc test (Dunnett's multiple comparisons vs 

control) on remaining data. A significance threshold of 

p<0.05 was taken into account when rejecting null 

hypothesis. Level of significance is expressed as 

*p<0.05, **p<0.01, ***p<0.001 and ****p<0.0001 

 

Results 

Physicochemical profiling 
Particle size distribution and surface charges are 

detailed in Table 1. It is evident that TMX NPs 

displayed a uniform distribution with a narrow size 

range of 194.5 ± 2.70 nm and a low polydispersity 

index of 0.032 ± 0.02. This was attributed to elevated 

concentration of emulsifier in nanoparticles, which led 

to formation of a stable emulsion with smaller and 

more consistent droplets, thereby producing 

nanoparticles with reduced size and a low 

polydispersity index. Incorporating TMX into NPs 

formulations resulted in a modest increase in particle 

size, approximately 10–15 nm, and affected size 

distribution. All nanoparticle formulations displayed a 

+ve surface charge of 15.7 ± 1.60 mV, which can be 

attributed to the inclusion of a small quantity of 

chitosan in formulations. Hydrodynamic diameter was 

measured at 100.50 ± 3.40 nm with a PDI of 0.58 ± 

0.06, indicating a narrow, monomodal distribution of 

liposomal vesicles. DOXY LPs exhibited a marginally 

larger hydrodynamic diameter and PDI. This may be 

attributed to Doxycycline's tendency to integrate into 

bilayer membrane, interacting with lipid polar heads 

via hydrogen bonding, which results in a slight 

increase in vesicle size. The liposomal formulation 

exhibited an overall -ve zeta potential −14.5 ± 0.50 

mV. LPHNPs were developed by encasing TMX NPs 

within DOXY LPs (composed of 

DPPC/Cholesterol/mPEG2000-DPPE). The 

hydrodynamic diameter of the LPHNPs was recorded 

as 200.4 ± 2.20 nm, with no substantial variation in 

PDI and a zeta potential of 4.45 ± 0.50 mV. 
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Table-1: Physicochemical attributes of TMX-encapsulated PLGA nanoparticles, DOXY-encapsulated liposomes, 

and lipid-polymer hybrid nanoparticles (LPHNPs) were evaluated. TMX-encapsulated PLGA nanoparticles 

contains 5 mg of TMX and 100 mg of PLGA. Liposomes comprises 2 mg of DOXY embedded in 10 mg of total 

lipids. The hydrodynamic diameter is quantified as a function of the intensity-based particle size distribution. 

Values are expressed as Mean ± S.D for 3 independent measurements (n=3).  

 

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

TMX NP 194.5 ± 3.20 0.03 ± 0.02 15.7 ± 1.51 

DOXY LP 100 ± 2.51 0.25 ± 0.02 -14.5 ± 1.32 

LPHNPs 200 ± 2.95 0.07 ± 0.03 4.45 ± 1.20 

Efficiency of drug encapsulation (EE%) 
Encapsulation efficiencies of TMX NPs and DOXY 

LPs were measured using solvent extraction. Free 

drugs were separated from the formulations via 

centrifugation and ultracentrifugation. A method 

involving the direct dissolution of nanoparticle or 

liposomal drug pellet was applied, enabling precise 

determination of Tamoxifen content in the PLGA 

nanoparticles and Doxycycline content in the 

liposomes. The refined nanoparticle formulations 

displayed a notably high encapsulation efficiency, 

with Tamoxifen nanoparticles achieving an 

encapsulation efficiency (EE) of 85.50 ± 4.50%. Due 

to its high hydrophilicity, Doxycycline preferentially 

positions itself within the hydrophilic environment 

(polar region) of liposome, resulting in an overall drug 

loading of 95.50 ± 5.10%. The increased 

encapsulation efficiency (EE) can be attributed to the 

solubility of both Tamoxifen and PLGA in ethyl 

acetate, which is utilized for nanoparticle fabrication. 

The loading capacities of Tamoxifen nanoparticles 

and Doxycycline liposomes were measured at 4.79 ± 

0.52% and 1.02 ± 0.41%, respectively. 

 

Morphological feature analysis 
The surface of the nanoparticles suggests a successful 

encapsulation of Tamoxifen within the PLGA matrix, 

which is essential for controlled drug release. The 

uniform size distribution is indicative of a consistent 

manufacturing process, which is critical for 

reproducible therapeutic outcomes. The lack of 

agglomeration observed at higher magnifications 

implies that the nanoparticles are likely to exhibit 

stable suspension properties in biological fluids, 

Figure-1. 

 

 
 

 
 

 

 

 

 

 
 

 
 

 
 

 

 

Figure-1: (A) SEM image of TMX NPs, (B) SEM image of LPHNPs illustrating the detailed surface morphology. 
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In vitro drug dissolution profile 
The in vitro release of Tamoxifen from PLGA 

nanoparticles was conducted in PBS (pH 7.4) with 1% 

Tween 80, a surfactant that enhances solubility of 

hydrophobic drugs by forming micelles. Due to 

Tamoxifen's very low solubility in water, adding a 

solubility-enhancing component was necessary to 

maintain sink conditions and achieve detectable 

UV/VIS conc. during release studies. Grasping drug 

release mechanisms is vital for managing drug release 

in polymer formulations designed for sustained 

delivery applications. Figure-2 shows that Tamoxifen-

loaded PLGA nanoparticles display a biphasic release 

pattern, with a 40% burst release of Tamoxifen within 

the first 24 hours. The initial burst of drug release was 

followed by a sustained release over 7 days. Early 

release primarily resulted from the drug desorbing or 

diffusing from the nanoparticle surface or loosely 

bound polymer matrix. Unreleased drug is presumed 

to be tightly bound to the PLGA molecules or well-

trapped within the nanoparticle matrix, with its release 

primarily driven by diffusion or matrix degradation 

under sink conditions. When diffusion outpaces matrix 

erosion, the release mechanism is predominantly 

controlled by diffusion. Tamoxifen nanoparticles 

demonstrated a higher cumulative release of 72% 

(Figure-2), likely due to their smaller size, which 

provides a larger surface area and thus a greater 

number of drug molecules available for faster release. 

  

 

Figure-2: Cumulative release (%) of TMX NPs and 

DOXY LPs was measured in PBS (pH 7.4) containing 

1% Tween 80 to ensure sink conditions. Samples taken 

at specified intervals, evaluated 

spectrophotometrically. 

 

 

In vitro cytotoxicity 
Yellow tetrazolium salt is used in MTT assay. This salt 

has the ability to lower cellular activity by 

metabolizing into formazan crystals. They can be 

computed via spectrophotometric analysis and display 

UV absorption. The computed absorbance indicates 

amount of formazan produced by living cells is closely 

correlated with numerical value of viable cells. In vitro 

cellular toxicity can be illustrated as concentration of 

nanoformulation increases, % inhibition increases and 

LPHNPs showed highest % inhibition as compared to 

free drugs because lipids covered outer surface of 

PLGA nanoparticles that is favorable for cells and 

improve cell viability at dose dependency. Highest 

conc. of LPHNPs showed EPR effect (enhanced 

permeation effect and retention) at higher dose.  These 

values demonstrate selective toxicity of Lipid coated 

nanoparticles, which are more effective against cancer 

cells (MCF-7) while being less toxic to noncancerous 

cells (Vero). Results of % age cell viability can be seen 

in the following Figure-3. 

 

 

Figure-3: Percentage cell viability of MCF-7 cells 

following treatment with Free TMX, TMX NPs, Free 

Doxy, Doxy LPs and LPHNPs. Data represent the 

mean ± standard deviation of three independent 

experiments. 
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Results indicated that LPHNPs exhibited the highest 

cytotoxicity on MCF-7 cells as compared to free 

TMX. While, LPHNPs showed less cytotoxic effect on 

Vero cells even on high doses as compare to free 

TMX. Previous literature also showed that 

nanoformulations of TMX show lowest cell viability 

than free TMX. Values of selectivity index were 

calculated using equation. Values of SI for free TMX, 

TMX NPs, Free DOXY, DOXY LPs and LPHNPs 

were 2.39, 3.44, 1.11, 5.0 and 48.9 respectively. 

Values indicated that LPHNPs have synergistic effect 

as compare to free form, thus achieved targeted 

delivery of drugs to MCF-7 breast cancer cells with 

more safe effect on other non-cancerous cells. 

 

In vivo acute toxicity assessment 
Safety and tolerability of the nanoformulations were 

assessed in mice by monitoring weight variations, 

performing serum biochemical tests, and conducting 

histopathological examinations to evaluate in vivo 

toxicity (Wang et al., 2023). Formulations were 

administered intraperitoneally to albino mice at doses 

of 5 mg/kg for TMX and 80 µg/kg for DOXY. Over 

48 hours, no signs of toxicity were observed in 

behavioral patterns, skin, urine color, respiration, or 

sleep. There were no deaths or significant weight 

changes, indicating formulations' safety. After 14 

days, blood samples were collected, and mice were 

euthanized for organ histological analysis (Sani et al., 

2023). 

 

Relative organ weight 
It serves as a reliable indicator of chemically induced 

alterations in organs. Assessing comparison of organ 

weights among untreated and treated animal groups 

can aid in evaluating toxicity profile of drug 

formulations (Faria et al., 2021; Haggag et al., 2020). 

Upon completing a 14-day treatment period, the ratios 

of organ weight to body weight (visceral indices) for 

essential organs such as brain, mammary glands, heart, 

liver, kidneys, lungs, and uterus were computed and 

are detailed in Table 2. Subsequent to euthanizing 

animals, organs were meticulously excised and rinsed 

with normal saline prior to weighing.  
 

Table-2: Visceral body index of the subjects after autopsy. Results displayed no significant changes in weight of 

any organ across all treatments, suggesting formulations' non-toxicity and biocompatibility. Values expressed as 

mean ± SD, n=6 

 

 

 

 

 

 

 

 

 

 

 

Parameters 

(gm) 

NC Free TMX TMX NPs Free 

DOXY 

DOXY 

LPs 

LPHNPs 

Average Body 

weight 

33.48 ±3.14 30.96 ±3.57 31.26 ±2.37 33.42 ±2.69 32.13 ±3.61 32.98 ±3.18 

Brain  0.44±0.01 0.39±0.02 0.40±0.02 0.42±0.01 0.40±0.04 0.43±0.02 

Heart 0.17± 0.02 0.15± 0.01 0.15± 0.02 0.15± 0.03 0.16± 0.03 0.16± 0.02 

Lungs 0.14±0.14 0.10±0.19 0.11±0.15 0.11±0.11 0.13±0.18 0.14±0.20 

Liver 1.47±0.20 1.39±0.28 1.35±0.19 1.41±0.22 1.40±0.21 1.42±0.18 

Left Kidney 0.20±0.02 0.17±0.04 0.15±0.02 0.19±0.03 0.22±0.02 0.21±0.04 

Right Kidney  0.19±0.02 0.15±0.03 0.13±0.02 0.17±0.02 0.18±0.04 0.19±0.03 
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Biochemical screening 
Biochemical markers serve as sensitive indicators to 

assess clinical effects caused by biological treatments, 

such as nanoformulations. LFTs and RFTs are pivotal 

in gauging proper functioning of liver and kidneys, 

respectively. Findings from biochemical analysis of 

mice blood following treatment with formulations are 

depicted in Figure 4. Results illustrated, bilirubin 

levels remained largely unchanged, except for free 

tamoxifen and free doxycycline. In these treatments, 

bilirubin levels were slightly elevated compared to 

control group but remained within acceptable limits. 

Aminotransferases serve as primary indicator of liver 

damage. If there is any cellular injury to hepatocytes 

or bile ducts, alanine transaminase (ALT), gamma 

glutamyl transferase (GGT), and alkaline phosphatase 

(ALP) may seep into the bloodstream, leading to 

elevated systemic levels of these enzymes. The levels 

of ALP were notably elevated in mice treated with free 

TMX and DOXY (dissolved in DMSO), as well as in 

those treated with TMX NP and DOXY LPs, 

compared to lipid-coated nanoparticles. Additionally, 

ALT levels were significantly increased in groups 

treated with free TMX and DOXY LPs. The elevated 

levels of both enzymes may suggest liver's effort to 

detoxify foreign particles and potential inflammation. 

Moreover, GGT levels were significantly heightened 

in all treatment groups, with most pronounced increase 

seen in groups treated with free TMX, TMX NPs, and 

free DOXY, while no significant effect was observed 

in group treated with LPHNPs. This could potentially 

indicate non-alcoholic fatty liver and cardiac issues. 

Results from renal function tests (RFTs) revealed a 

moderate increase in creatinine levels with free TMX 

and TMX NPs compared to control group as shown in 

Figure 4. However, in all other treatment groups, 

alterations in these biomarker levels remained 

statistically insignificant. Blood urea level showed an 

increase with free DOXY compared to control. This 

modest increase in biomarker levels may suggest renal 

hypertrophy and compromised kidney function. No 

significant changes in creatinine levels were observed 

in the other treatment groups. These findings from 

biochemical analysis were consistent with results 

obtained from body visceral indices. 

 

 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-4: Blood biochemical profile consisting of liver function tests (LFTs); (A) Creatinine, (B) Bilirubin, (C) 

Blood Urea, (D) ALP, (E) AST, (F) GGT values following treatment with nanoformulations are shown as mean 

± S.D (n=3). Statistical significance is denoted as ***p < 0.001, **p< 0.01 and *p< 0.1. 
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Hematological analysis 
When any exogenous substance, such as 

pharmaceutical formulations, interacts with blood 

constituents, it can trigger an immediate inflammatory 

reaction, potentially leading to complications in the 

administration of medication. This underscores the 

need for comprehensive investigation into the 

potential toxicity of drug formulations and their 

delivery systems on composition and function of 

blood. The influence of formed nanoformulations on 

blood and its components in mice was examined using 

a complete blood count (CBC) (Rossi et al., 2023). 

The findings from the hematological analysis are 

provided in the table below. The outcomes indicated 

that Platelets and White Blood Cells (WBCs) were 

significantly influenced during the administration of 

free Tamoxifen and free Doxycycline, potentially 

resulting in thrombocytopenia and leukopenia, 

respectively. This could potentially stem from bone 

marrow suppression. These findings underscore the 

importance of encapsulating free 

Tamoxifen/Doxycycline within carrier systems that 

are comparatively less toxic. Tamoxifen nanoparticles 

(NPs), Doxycycline liposomes, and LPHNPs did not 

exhibit a notable impact on Hemoglobin and Red 

Blood Cell (RBC) count. Additionally, other 

parameters such as mean corpuscular volume (MCV), 

hematocrit (HCT), mean corpuscular hemoglobin 

(MCH), and mean corpuscular hemoglobin 

concentration (MCHC) were monitored. It was 

observed that these parameters remained relatively 

stable across all nanoformulations, indicating safety 

profile of these formulations as shown in Table 3. 

 

 
Table-3: Values of blood biomarkers after Intra peritoneal administration of normal saline,  free TMX, TMX 

nanoparticles,  free DOXY, DOXY loaded liposomes and LPHNPS. After 14 days of treatment, blood was 

withdrawn to test. The values are expressed as mean ± S. D (n = 3). 

 

Blood 

biomarkers 

NC Free TMX TMX NPs Free DOXY DOXY LPs LPHNPs 

WBC (x109/µL) 4.8±0.62 4.5±0.73 5.6±0.91 4.4±0.69 4.1±0.97 5.7±0.92 

RBC (x106/µL) 8.96±2.21 9.35±1.72 9.11±1.98 9.02±2.43 9.78±2.13 8.2±1.79 

HGB (gm/dL) 14.4±2.30 15±1.95 14.9±2.36 14.5±2.19 15.2±1.16 13.2±2.25 

HCT (%) 43.7±2.43 54.4±1.25 50.7±1.92 51±2.03 52.8±1.99 44.2±2.01 

MCV (fL) 43.8±1.97 58.2±2.08 55.7±1.32 56.5±2.03 54±0.22 53.9±0.83 

MCH (pg) 16.1±0.77 16.8±0.91 16.4±0.89 16.1±0.79 15.5±0.82 16.2±0.87 

MCHC (g/dL) 33.1±0.26 27.6±0.21 29.4±0.31 28.4±0.19 28.8±0.26 29.9±0.34 

PLT (x103/µL) 769±31 592±23 788±30 518±38 693±29 736±19 

LYM (%) 83.1±1.20 90.2±1.31 91.2±1.81 85.4±1.35 90±2.01 87.4±1.12 

RDW-SD (fL) 20.7±2.13 49.5±1.39 48.9±1.41 45.6±0.92 44.2±0.53 30.1±1.22 

RDW-CV % 24.5±0.25 24.3±0.51 25.6±0.72 22.9±0.18 25.2±0.70 25.9±0.64 

PDW (%) 9.9±0.20 9.5±0.49 10.3±0.78 9.6±0.92 8.7±0.97 9.1±1.20 

MPV (fL) 10.2±0.43 8.7±0.31 7.9±0.49 7.5±1.27 6.9±1.07 7.6±2.81 

P-LCR (%) 14.8±0.61 10.7±0.83 12.1±0.29 10.2±0.39 6.1±1.01 9.8±1.32 
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Histopathological examinations 
A significant challenge in the clinical application of 

anticancer agents is the risk of peripheral tissue 

damage, potentially resulting in multi-organ toxicity 

(Chakraborti et al., 2022). To evaluate potential 

toxicity in the organs of mice treated with the 

formulations, both biochemical and histological 

analyses were conducted. Sections of key organs 

brain, breast, heart, kidney, and liver were prepared 

using a rotary microtome. Tissue slices were mounted 

on glass slides, stained with H&E, and examined 

microscopically. Hematoxylin stained the cell nuclei 

blue, while eosin stained the cytoplasm and 

extracellular matrix pink. Healthy cells were identified 

by their polygonal shape and blue nuclei, which were 

either spherical or spindle shaped. In contrast, necrotic 

cells displayed pink amorphous material in the 

cytoplasm with absent nuclei. Apoptotic cells 

appeared shrunken and rounded, with condensed and 

darkened nuclei (Chan, 2014). The tissue section 

images are depicted in Figure 5. It can be observed that 

degeneration or pyknosis and absence of axons in 

brain showed in TMX loaded PLGA NPs, while 

remaining treatment groups did not show any  

 

 

 

 

 

 

 

 

abnormality (Han et al., 2020). Breast samples were  

showed mild chronic inflammation and intraductal 

secretions in the group that was treated with tamoxifen 

loaded PLGA nanoparticles, and remaining groups 

showed no sign of necrosis, hemorrhage or chronic 

inflammation (Passos et al., 2023). Tissues of heart 

samples from all treatment groups exhibited no 

abnormalities and appeared entirely normal. There 

were no noticeable signs of necrosis and edema, but 

slight muscular thickness and muscular distortion can 

be seen. Kidney has not showed signs of necrosis and 

apoptosis, but congestion of renal tissue due to acute 

inflammation can be seen in treatment groups (E 

Owumi et al., 2021). Liver sections from all treatment 

groups appeared normal, with no alterations in fat 

tissue, except for group treated with free TMX. It 

exhibited signs of focal lobular necrosis, 

inflammation, and apoptosis of hepatic cells (Koller et 

al., 2021). No indications of necrotic cells or 

hydrophobic degradation were detected in any 

treatment groups. These results affirm the safety of our 

lipid-coated particles, as all histological analyses 

showed no evidence of toxicity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure-5: Histological examination of different organs was conducted following treatment with free TMX, free DOXY and 

LPHNPs. Animals treated with NS 0.9 % served as negative control (NC). A, F, K, P images: brain tissues, B, G, L, Q: breast 

tissues, C, M, H, R: heart tissues, D, I, N, S: kidney tissues and E, J, O, T: liver tissues. Hematoxylin and eosin dyes used on 

tissues to evaluate impact of treatments on organ structure and cellular integrity. Black triangle: brain cells, Yellow arrows: 

breast cells, green circles: cardiac cells, Red star: bowman’s capsule with normal glomeruli and Yellow triangle: normal 

hepatocytes with round nucleus. 
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Discussion  
Tamoxifen is extensively utilized in breast cancer 

treatment; however, similar to many cancer therapies, 

it also poses side effects by causing significant damage 

to normal cells. Specifically, tamoxifen is known to 

increase the risk of endometrial and liver cancers, that 

restricts its therapeutic application for longer period of 

time (Jena and Sangamwar, 2017; Kassem et al., 

2018). The primary undesirable effects of tamoxifen 

are dependent on dosage and conc. By maintaining 

consistent dosing over time or by combining TMX 

with other cytotoxic drugs these effects can be 

mitigated. Nanomedicine offers several advantages 

over conventional cancer therapies. These include 

reduced breakdown of drug during transport, shielded 

from in vivo chemical or biological conditions, 

reduced undesirable effects through improved 

biocompatibility, enhanced targeting and increased 

delivery of chemotherapy specifically to cancerous 

tissues. Nanomedicine holds significant potential for 

selectively targeting and eliminating breast cancer 

stem cells, crucial for initiating, recurring, and 

developing resistance to chemotherapy and 

radiotherapy in breast cancer treatment (Afzal et al., 

2021; Hejmady et al., 2020). Nanotechnology has 

significantly advanced the delivery of therapeutic 

drugs directly to cancerous tissues, minimizing harm 

to healthy tissues. This approach enhances drug 

elimination from body, improves bioavailability, 

facilitates precise delivery of conjugated drugs to such 

tissues that are cancerous, enhances efficacy, allows 

for sustained release, and supports dose maintenance. 

Several nano delivery systems have been utilized to 

transport tamoxifen molecules, enabling selective 

delivery to cancerous tissues of breast with high 

precision and minimal side effects to surrounding 

healthy cells. This approach harnesses the drug's 

beneficial properties while reducing cytotoxicity 

associated with non-targeted delivery (Bhagwat et al., 

2020; Day et al., 2018; Jena and Sangamwar, 2017). 

TMX-loaded NPs were formulated using solvent 

evaporation method, DOXY-loaded NPs were 

formulated via film hydration method, and lipid-

polymer hybrid nanoparticles were synthesized using 

the fusion method in this study (Maji et al., 2014; 

Mohanty et al., 2020; Pandey et al., 2015; Umbarkar 

et al., 2021; Yu et al., 2020). Combining tamoxifen 

with fatostatin has been shown to synergistically 

inhibit ER-positive breast cancer, enhancing both 

safety and efficacy (Liu et al., 2020). Doxycycline has 

been demonstrated to synergize with doxorubicin in 

combating division of castration-resistant prostate 

cancer cells (Zhu et al., 2017). In another study, 

combination of doxycycline with azithromycin and 

vitamin C (DAV) proved to be a potent therapy for 

targeting mitochondria and eliminating cancer stem 

cells (CSCs) (Fiorillo et al., 2019). These 

combinations have been shown to be safe in previous 

studies and have improved efficacy of nanocarriers in 

delivering drugs to cancer tissues (Chauhan and 

Srivastava, 2015; Jain et al., 2011). The central focus 

of this study was the formation of a novel nanocarrier 

system capable of delivering two distinct therapeutic 

agents to cancer cells. This nanocarrier represents an 

advancement over conventional drug delivery systems 

by incorporating two different drugs within a single 

carrier to effectively treat breast cancer. These 

nanoparticles allow for encapsulation of both 

hydrophobic and hydrophilic drugs in distinct 

compartments: tamoxifen in core, and doxycycline in 

lipid bilayer shell. This system enhances therapeutic 

efficacy, circulation time, and drug bioavailability and 

reducing side effects in peripheral tissues (Massadeh 

et al., 2020; Penheiro, 2017). Formed 

nanoformulations underwent comprehensive 

evaluation for their physicochemical characteristics, in 

vitro and in vivo performance, and biocompatibility. 

Following preliminary assessments, the top-

performing liposomes, were combined to create a 

unified liposome structure, which was then applied as 

a coating over the tamoxifen nanoparticles (Mohanty 

et al., 2020). The developed lipoparticles underwent 

physicochemical characterization, with particle size 

being a crucial parameter. Nano carriers smaller than 

1 μm can easily traverse vasculature, facilitating 

enhanced penetration in malignant tissues due to 

increased vascularity. Nano sized particles can 

efficiently traverse membranes and exhibit distinct 

accumulation patterns in tumor tissues and more 

effectively internalized by cells through endocytosis 

compared to larger particles (Dolai et al., 2021). The 

particle sizes of TMX NPs, DOXY LPs, and LPHNPs 

were determined to be 198 ± 3.2 nm, 100.5 ± 4.2 nm, 

and 200 ± 2.5 nm, respectively. The lipoparticles 

showed a slight increase in size by approximately 4-5 

nm compared to the uncoated nanoparticles, which 

was consistent with findings from surface 

morphological studies. The entrapment efficiencies 

(EE%) of Tamoxifen-loaded PLGA nanoparticles and 

Doxycycline-loaded liposomes were found to be 

95.31% ± 0.76% and 92.32% ± 1.5%, respectively. 

These values are consistent with a previously reported 
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result (85.7%) for polymer-lipid nanoparticles in prior 

research (Jeong et al., 2001). It could be inferred that 

lipid-polymer hybrid nanoparticles (LPHNPs) may 

offer improved drug entrapment. Drug loading was 

seen to increase in direct relation to the amount of drug 

added during the formulation process, up to a certain 

approximate limit. In vitro drug release showed a dual 

pattern with an initial burst release followed by 

sustained release over subsequent days. Additionally, 

higher therapeutic efficacy of lipoparticles was 

demonstrated through in vitro cytotoxicity synergism. 

After treating MCF-7 cells with nanoparticles, the 

viability of cells decreased as the concentration of 

particles increased, as measured 24 hours post-

incubation with various conc. of NPs, LPs, and 

LPHNPs (Lazzeroni et al., 2012).  

 

Conclusion and future suggestion 
Based on these results, it can be inferred that the 

creation of this innovative nanocarrier system shows 

potential for concurrently delivering multiple 

medications to breast cancer cells with minimal 

toxicity. The findings support further development of 

surface modified nano formulations and clinical 

testing of the formulation as a potential preventive 

treatment for breast cancer. The next steps should 

involve detailed mechanistic studies and long-term 

efficacy assessments to fully understand the 

formulation's protective mechanisms and its potential 

for clinical application. 
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