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ABSTRACT 

Liposomal drug delivery systems have revolutionized chemotherapy by significantly improving the bioavailability 

and therapeutic efficacy of anticancer drugs while simultaneously reducing systemic toxicity. These nanoscale 

lipid-based vesicles encapsulate drugs, enabling targeted delivery and controlled release, which helps minimize the 

harmful side effects associated with conventional chemotherapy. Among anticancer agents, Doxorubicin 

Hydrochloride is widely used but limited by its cardiotoxicity and off-target effects. Liposomal encapsulation of 

Doxorubicin enhances its pharmacokinetics and tumor-specific accumulation, improving the safety profile and 

clinical outcomes. 

 

This review focuses on various formulation strategies employed for liposomal Doxorubicin, such as thin-film 

hydration, reverse-phase evaporation, and active drug loading techniques. It discusses the impact of lipid 

composition, particle size, surface modification (e.g., PEGylation), and encapsulation efficiency on the overall 

stability and functionality of the liposomes. In addition, the review highlights key characterization techniques 

including dynamic light scattering (DLS) for size distribution, zeta potential analysis for surface charge, and high- 

performance liquid chromatography (HPLC) for drug quantification. 

 

Evaluation of liposomal Doxorubicin involves comprehensive in vitro and in vivo studies, such as drug release 

kinetics, cytotoxicity assays, and pharmacodynamic and pharmacokinetic assessments to validate its enhanced 

efficacy and reduced toxicity. The clinical advantages of liposomal formulations are underscored by their ability to 

mitigate Doxorubicin’s cardiotoxic effects and improve therapeutic response in cancers like breast cancer, ovarian 

cancer, and Kaposi’s sarcoma. 
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INTRODUCTION 

Doxorubicin is a widely used anthracycline antibiotic known for its potent antineoplastic activity against a broad 

spectrum of malignancies, including breast cancer, lymphoma, leukemia, and ovarian cancer. 

Its mechanism of action primarily involves intercalation into DNA, inhibition of topoisomerase II, and generation 

of free radicals, which collectively disrupt cancer cell proliferation and induce apoptosis. Despite its therapeutic 

effectiveness, the clinical utility of Doxorubicin is significantly constrained by its severe cardiotoxic effects, which 

can lead to irreversible cardiomyopathy and heart failure. Additionally, its non-selective distribution often results 

in systemic toxicities such as myelosuppression, nausea, and alopecia, limiting the maximum tolerable dose and 

thus its overall efficacy. 

 

To overcome these limitations, researchers and pharmaceutical developers have explored liposomal drug delivery 

systems as an innovative approach to improve the safety and effectiveness of Doxorubicin therapy. Liposomes are 

spherical vesicles composed of phospholipid bilayers that can encapsulate hydrophilic drugs like Doxorubicin 

within their aqueous core. This encapsulation protects the drug from rapid degradation and metabolism, enhancing 

its chemical stability. Furthermore, liposomes can be engineered to have prolonged circulation time in the 

bloodstream by modifying their surface properties, such as PEGylation (attachment of polyethylene glycol chains), 

which helps evade recognition and clearance by the mononuclear phagocyte system (MPS). 

 

Another significant advantage of liposomal encapsulation is its ability to facilitate target-specific delivery of 

Doxorubicin to tumor sites. Liposomes tend to accumulate preferentially in tumor tissues due to the enhanced 

permeability and retention (EPR) effect, where the leaky vasculature of tumors allows nanosized particles to 

penetrate and remain localized. This targeted accumulation reduces exposure to healthy tissues and minimizes 

adverse effects, particularly cardiotoxicity. Consequently, liposomal formulations of Doxorubicin have shown 

improved therapeutic indices and better clinical outcomes compared to conventional formulations. 

 

In summary, the use of liposomal drug delivery systems represents a promising advancement in cancer 

chemotherapy by addressing the major drawbacks of traditional Doxorubicin treatment. This strategy enhances the 

drug’s stability, prolongs its systemic circulation, and enables targeted delivery to tumors, thereby improving both 

the safety profile and antitumor efficacy of Doxorubicin. 

 

LIPOSOMAL FORMULATION STRATEGIES 
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The successful formulation of liposomal Doxorubicin Hydrochloride depends on a precise combination of critical 

components that together create a stable and effective drug delivery system. These components include 

phospholipids, cholesterol, and surface modifications like PEGylation, each playing a vital role in the overall 

structure, stability, and pharmacokinetics of the liposome. 

 

Phospholipids 

 

 

Phospholipids form the fundamental building blocks of the liposomal membrane. Commonly use phospholipids

 in liposomal Doxorubicin formulations include 

Distearoylphosphatidylcholine (DSPC) and Hydrogenated Soy Phosphatidylcholine (HSPC). These 

amphiphilic molecules spontaneously arrange into bilayer vesicles in an aqueous environment, creating a 

hydrophobic barrier that encapsulates the hydrophilic drug within the aqueous core. The choice of phospholipid 

affects the membrane’s fluidity, permeability, and phase transition temperature, which in turn influence the 

liposome's stability and drug release profile. For example, DSPC and HSPC have high transition temperatures, 

contributing to more rigid and stable bilayers that can better retain encapsulated drugs during circulation. 

 

Cholesterol 
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Cholesterol is incorporated into the liposomal bilayer to enhance membrane stability and rigidity. It intercalates 

between phospholipid molecules, reducing membrane permeability and preventing leakage of the encapsulated 

drug. Cholesterol also improves the mechanical strength of the liposome, making it more resistant to degradation 

by serum proteins and lipases in the bloodstream. By modulating the fluidity of the lipid bilayer, cholesterol plays 

a crucial role in optimizing the balance between liposome stability and controlled drug release, ensuring that 

Doxorubicin is released preferentially at the tumor site rather than prematurely in circulation. 

 

PEGylation 

 

Polyethylene glycol (PEG) conjugation, known as PEGylation, is a surface modification technique used to extend 

the circulation time of liposomes. PEG molecules form a hydrophilic “stealth” coating on the liposome surface, 

which sterically hinders recognition and uptake by the mononuclear phagocyte system (MPS), particularly 

macrophages in the liver and spleen. This reduces rapid clearance from the bloodstream and allows the liposomes 

to circulate longer, increasing the probability of accumulation in tumor tissues via the enhanced permeability and 

retention (EPR) effect. PEGylation also improves the liposome’s solubility and reduces aggregation, further 

enhancing stability. However, the density and molecular weight of PEG chains must be carefully optimized, as 

excessive PEGylation can impair cellular uptake of the drug at the target site. 

 

PREPARATION TECHNIQUES 

The preparation of liposomal drug delivery systems involves precise methodologies designed to produce stable, 

uniform vesicles with high drug encapsulation efficiency. Several established techniques are commonly employed 

to formulate liposomal Doxorubicin Hydrochloride, each with distinct advantages and limitations. 

 

Thin-Film Hydration Method 

 

The Thin-Film Hydration method is one of the most widely used techniques for liposome preparation due to its 

simplicity and scalability. In this process, lipids such as phospholipids and cholesterol are first dissolved in an 

organic solvent (commonly chloroform or methanol) to form a homogeneous lipid solution. This solution is then 

evaporated under reduced pressure using a rotary evaporator to form a thin lipid film on the surface of a round-

http://www.jetir.org/


© 2025 JETIR August 2025, Volume 12, Issue 8                                                                    www.jetir.org (ISSN-2349-5162) 

JETIR2508338 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d334 
 

bottom flask. Hydration is subsequently carried out by adding an aqueous phase containing the drug, typically 

Doxorubicin Hydrochloride, which causes the lipid film to swell and form multilamellar vesicles (MLVs). To 

reduce vesicle size and improve uniformity, sonication or extrusion techniques are applied, converting MLVs into 

small unilamellar vesicles (SUVs). This method offers good control over lipid composition and vesicle size but 

may have limitations in drug loading efficiency for hydrophilic drugs. 

 

Reverse Phase Evaporation Method 

 

 

The Reverse Phase Evaporation (REV) method is an advanced technique designed to improve drug 

encapsulation efficiency, especially for hydrophilic drugs like Doxorubicin Hydrochloride. In this approach, lipids 

are dissolved in an organic solvent such as diethyl ether or isopropyl ether, and an aqueous drug solution is 

emulsified into this organic phase, creating a water-in-oil emulsion. The organic solvent is then gradually removed 

under reduced pressure, causing the emulsion droplets to coalesce into a gel-like phase that eventually collapses 

into liposomes as the solvent evaporates completely. This method produces large unilamellar vesicles (LUVs) with 

higher aqueous core volume, allowing for increased drug encapsulation. However, it involves more complex steps 

and the need to completely remove residual organic solvents to ensure safety and stability. 

 

Solvent Injection Method 

 

The Solvent Injection method involves dissolving lipids in a water-miscible organic solvent such as ethanol or 

ether and then rapidly injecting this lipid solution into an aqueous phase containing the drug. The immediate 

mixing causes spontaneous formation of liposomes as the lipids self-assemble into bilayers, entrapping the drug in 

the process. This technique is relatively simple and fast, allowing for the production of small unilamellar vesicles 

with narrow size distribution. The solvent is subsequently removed by dialysis or evaporation. While this method 

offers ease of scale-up, controlling liposome size and achieving high drug encapsulation can be challenging, often 

requiring optimization of injection parameters such as flow rate and lipid concentration. 

 

CHARACTERIZATION AND EVALUATION 

To ensure the efficacy, stability, and safety of liposomal Doxorubicin formulations, thorough characterization and 

evaluation of their physicochemical properties are essential. These assessments help in understanding the behavior 

of liposomes in biological environments and guide optimization for clinical use. 

 

Physicochemical Properties 

Particle Size and Morphology 

 

The particle size and morphology of liposomal formulations are critical parameters that influence drug release, 
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biodistribution, and cellular uptake. Transmission Electron Microscopy (TEM) and Scanning Electron Microscopy 

(SEM) are commonly employed techniques to visualize and measure the size and shape of liposomes at the 

nanoscale level. TEM provides detailed images of liposome ultrastructure, revealing the lamellarity (number of 

lipid bilayers) and vesicle integrity. SEM complements this by offering surface morphology and texture 

information. Typical liposomal Doxorubicin formulations aim for nanosized particles (usually 50-200 nm), which 

facilitate enhanced permeability and retention (EPR) effect for tumor targeting. 

 

Zeta Potential 

 

The zeta potential measures the surface charge of liposomes, which is a key indicator of colloidal stability. A high 

absolute zeta potential value (either positive or negative) typically implies strong electrostatic repulsion between 

particles, reducing aggregation and sedimentation over time. Zeta potential analysis helps predict the physical 

stability of liposomal suspensions during storage and upon administration. For liposomal Doxorubicin, neutral or 

slightly negative zeta potentials are often preferred to balance stability and reduce nonspecific interactions with 

serum proteins. 

 

Encapsulation Efficiency 

 

Encapsulation efficiency (EE%) quantifies the proportion of Doxorubicin Hydrochloride successfully entrapped 

within the liposomes relative to the total drug used during formulation. High encapsulation efficiency is desirable 

to maximize therapeutic payload while minimizing free drug, which can cause systemic toxicity. UV-Visible 

spectrophotometry is widely used to determine EE%, by measuring the absorbance of unencapsulated drug after 

separation (e.g., centrifugation or dialysis). Optimizing formulation parameters like lipid composition, hydration 

method, and drug-to-lipid ratio directly influences encapsulation efficiency. 

 

IN VITRO AND IN VIVO STUDIES 

Evaluation of liposomal Doxorubicin involves comprehensive in vitro and in vivo studies to validate the 

formulation's therapeutic efficacy, safety, and pharmacological behavior before clinical application. 

 

In Vitro Release Studies 

 

In vitro release studies are fundamental for understanding the drug release profile of liposomal formulations 

under simulated physiological conditions. These studies typically involve incubating the liposomal Doxorubicin in 

buffer solutions that mimic body fluids (e.g., phosphate-buffered saline at pH 7.4) and monitoring the amount of 

drug released over time. Techniques such as dialysis bag diffusion or Franz diffusion cells are employed to 

separate the released drug from liposomes. The release kinetics—whether sustained, controlled, or burst—

provide insights into the stability and potential therapeutic window of the formulation. A controlled release profile 

is desirable to maintain effective drug concentration at the tumor site while reducing systemic exposure. 

 

Cell Viability Assays 

 

Cell viability assays evaluate the cytotoxic potential of liposomal Doxorubicin against various cancer cell lines in 

vitro. Commonly used assays include MTT, XTT, or Trypan Blue exclusion tests, which measure metabolic 

activity or membrane integrity as indicators of cell survival. These assays help determine the half-maximal 

inhibitory concentration (IC50), reflecting the potency of the drug-loaded liposomes compared to free drug. 

Enhanced cytotoxicity and selectivity toward cancer cells by liposomal formulations demonstrate improved 
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therapeutic efficacy, often due to better cellular uptake and reduced off-target effects. 

 

Pharmacokinetic Studies 

 

Pharmacokinetic (PK) studies in animal models are crucial to assess how liposomal encapsulation alters the 

absorption, distribution, metabolism, and elimination (ADME) of Doxorubicin. These studies measure parameters 

such as plasma drug concentration over time, half-life, area under the curve (AUC), and biodistribution to organs. 

Liposomal Doxorubicin typically exhibits prolonged circulation time, reduced clearance, and preferential 

accumulation in tumor tissues owing to the enhanced permeability and retention (EPR) effect. The improved PK 

profile correlates with enhanced efficacy and reduced cardiotoxicity in vivo. Such studies also provide important 

safety data by monitoring potential toxic effects on major organs. 

 

ADVANTAGES AND CLINICAL APPLICATIONS 

Liposomal encapsulation of Doxorubicin Hydrochloride has marked a significant advancement in oncological 

therapeutics, offering numerous pharmacological and clinical benefits over conventional Doxorubicin 

formulations. One of the most notable advantages is the significant reduction in cardiotoxicity, a major limiting 

factor in the long-term use of free Doxorubicin. The liposomal bilayer structure acts as a protective barrier, 

controlling drug release and minimizing its accumulation in cardiac tissues. This controlled and sustained release 

not only decreases systemic toxicity but also reduces the incidence of side effects such as myelosuppression and 

alopecia. 

 

Another key benefit is the enhanced bioavailability and prolonged circulation time in the bloodstream. Liposomal 

formulations, particularly PEGylated liposomes, evade rapid uptake by the reticuloendothelial system (RES), 

allowing for extended systemic circulation. This long half- life ensures that higher concentrations of Doxorubicin 

are available for tumor uptake, improving therapeutic outcomes. 

 

Moreover, liposomal Doxorubicin improves tumor targeting through both passive and active mechanisms. The 

Enhanced Permeability and Retention (EPR) effect, a hallmark of many solid tumors, facilitates the passive 

accumulation of liposomes within tumor tissues. Additionally, functionalizing the liposome surface with 

ligands (e.g., antibodies, peptides) enables active targeting to specific tumor markers, further enhancing drug 

selectivity and uptake at the cancer site while sparing healthy tissues. 

 

Clinically, liposomal Doxorubicin formulations such as Doxil® and Caelyx® have been approved and are widely 

used in the treatment of various malignancies. These include metastatic breast cancer, platinum-resistant ovarian 

cancer, and AIDS-related Kaposi’s sarcoma. In these indications, liposomal Doxorubicin has demonstrated 

comparable or superior efficacy to conventional Doxorubicin with a significantly improved safety profile. 

Furthermore, its role is expanding in combination therapies and new indications due to its compatibility and 

reduced toxicity. 

 

Overall, the clinical success of liposomal Doxorubicin underscores its utility as a safer and more effective 

chemotherapeutic agent, making it an important component in the modern arsenal against cancer. 

 

CONCLUSION 

The advancement of liposomal drug delivery systems, particularly for Doxorubicin Hydrochloride, marks a 

transformative shift in the field of cancer therapeutics. By encapsulating the chemotherapeutic agent within 
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liposomes, this innovative approach significantly addresses the limitations associated with conventional 

Doxorubicin—most notably its dose-limiting cardiotoxicity and widespread systemic toxicity. Liposomal 

formulations have not only improved the pharmacokinetic profile of the drug but have also enabled targeted 

delivery to tumor tissues through passive accumulation and, in emerging designs, active targeting strategies. These 

benefits translate into enhanced therapeutic efficacy, greater patient tolerability, and improved clinical outcomes. 

 

Products such as Doxil® and Caelyx® have demonstrated the practical success of this approach in treating a 

variety of cancers, including breast and ovarian cancers and Kaposi’s sarcoma. However, while the current 

formulations have achieved notable success, there remains significant potential for future innovation. Research 

should now emphasize the refinement of nanoparticle design, including ligand-mediated targeting, stimuli-

responsive release mechanisms, and the development of multi-functional liposomes that can co-deliver therapeutic 

agents or imaging probes. 

 

Additionally, the integration of personalized medicine principles and advanced nanotechnology can further 

enhance treatment specificity, minimize side effects, and overcome multidrug resistance. Ultimately, the ongoing 

evolution of liposomal Doxorubicin delivery systems promises to offer more precise, safe, and effective cancer 

treatment options, reaffirming the crucial role of nanomedicine in the future of oncology. 
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