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Article History: Abstract: Rutin, a bioflavonoid with documented anticancer 

properties, suffers from poor aqueous solubility and limited 

bioavailability, restricting its therapeutic applications. Phytosomes 

represent a novel drug delivery system that incorporates plant-

derived compounds into phospholipid complexes to enhance 

solubility and absorption. This study aimed to formulate and 

characterize rutin phytosomes using two organic solvents (N-hexane 

and acetone) with varying molar ratios of rutin to soya lecithin. Nine 

formulations (F1–F12) were prepared using a solvent evaporation 

method. Characterization included particle size analysis, zeta 

potential determination, and solubility assessment. N-hexane-based 

formulations demonstrated superior performance with particle sizes 

ranging from 100.1 to 735.7 nm and negative zeta potentials 

indicating good colloidal stability. Solubility testing revealed 

significantly improved solubility in acetone (++) for all formulations 

compared to poor solubility in N-hexane. Formulation F7 (prepared 

with N-hexane at low rutin to lecithin ratio of 0.5:1) exhibited 

optimal characteristics with the smallest particle size (100.1 nm) and 

favorable zeta potential (−24.2 mV). These results demonstrate that 

phytosome formulation effectively enhances rutin's physicochemical 

properties, providing a promising platform for improved drug 

delivery and therapeutic efficacy. 
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INTRODUCTION 

Flavonoids represent a significant class of 

polyphenolic compounds widely distributed 

throughout the plant kingdom and are recognized as 

valuable phytochemicals with diverse biological 

activities[1]. Among these, rutin (3-O-α-L-

rhamnosyl-α-L-glucosyl quercetin) is a glycosidic 

quercetin derivative abundantly found in natural 

sources including buckwheat, citrus fruits, and 

vegetables[2]. Rutin has been extensively studied for 

its antioxidant, anti-inflammatory, and anticancer 

properties, making it a compound of considerable 

pharmaceutical interest. 

 

Despite its promising biological activities, rutin faces 

significant challenges in pharmaceutical 
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development. Its large molecular size, hydrophilic 

nature, and poor lipid solubility restrict passive 

diffusion across biological membranes, particularly at 

the intestinal epithelium[3]. This leads to low 

bioavailability and reduced therapeutic efficacy, 

necessitating higher doses and frequent 

administration schedules. Consequently, 

conventional formulations of rutin exhibit limited 

clinical effectiveness and poor patient compliance. 

 

The pharmaceutical industry has long recognized the 

need for innovative drug delivery technologies to 

overcome bioavailability limitations of natural 

products[4]. Phytosomes represent one such 

advancement—these are complex structures formed 

through the interaction of phytochemicals with 

phospholipids. The phospholipid components 

provide an amphipathic nature, facilitating both 

aqueous and lipid solubility, thereby enhancing the 

absorption and bioavailability of the phytoactive 

compound[5]. 

 

The phytosome technology capitalizes on the ability 

of phospholipids, particularly phosphatidylcholine, 

to form supramolecular complexes with flavonoids 

through van der Waals forces and hydrogen bonding. 

This complexation improves not only solubility but 

also stability and cellular uptake. Several studies 

have demonstrated the efficacy of phytosomes in 

improving bioavailability of plant-derived 

compounds including silymarin and ginkgo 

extracts[6]. 

 

The integration of phytosome technology with 

probiotic formulations represents a compelling 

frontier for future research, fundamentally poised to 

redefine the delivery and efficacy of bioactive 

compounds. Phytosome technology, which 

capitalizes on the ability of phospholipids—

particularly phosphatidylcholine—to form 

supramolecular complexes with flavonoids through 

van der Waals forces and hydrogen bonding, offers a 

powerful solution to the historical challenges of poor 

solubility and instability plaguing many plant-derived 

nutraceuticals. This complexation does not merely 

improve solubility; it also significantly enhances the 

stability and cellular uptake of these compounds, as 

evidenced by the markedly improved bioavailability 

of well-studied extracts like silymarin and ginkgo. 

When this sophisticated delivery system is 

conceptually merged with the established, 

microbiota-modulating benefits of probiotics, it 

opens a transformative pathway for developing next-

generation synbiotics. The future of research lies in 

exploring how phytosome-encapsulated 

phytochemicals can be co-delivered with specific 

probiotic strains, creating synergistic complexes 

where the enhanced systemic absorption of 

antioxidants and anti-inflammatory agents works in 

concert with gut-mediated immune and metabolic 

modulation. This approach could lead to targeted 

therapeutic strategies for conditions ranging from 

metabolic syndrome and dermatological health to 

neuroinflammation, where systemic and gut-

localized effects are intrinsically linked [6,14-21]. 

 

The detailed elaboration of this combined future 

hinges on the complementary strengths of each 

component. Probiotics have already established their 

role in maintaining gut barrier integrity, modulating 

the immune system, and influencing the gut-brain 

axis, yet their benefits can be limited by strain 

survivability and the need for sustained, targeted 

action. Phytosome technology can address these 

limitations not only for phytochemicals but 

potentially for the probiotics themselves, by offering 

advanced co-encapsulation strategies that protect 

sensitive bacterial strains from gastric degradation. 

Conversely, a healthy, probiotic-balanced gut 

microbiome could optimize the metabolic processing 

of the phytosome-delivered flavonoids, further 

amplifying their therapeutic potential. Therefore, 

future research must delve into the meticulous design 

of these hybrid entities, studying the specific 

molecular interactions between phospholipid 

membranes, polyphenolic compounds, and bacterial 

cell surfaces. The goal is to create unified, 

bioavailable complexes that ensure the coordinated 

delivery and release of both biotic and abiotic actives. 

Success in this arena would signify a paradigm shift 

from single-ingredient supplements to intelligently 

engineered, multi-targeted therapeutic systems, 

harnessing the full potential of both plant-based 

medicine and microbial science to achieve superior 

clinical outcomes that are greater than the sum of 

their individual parts (6,22-30). 

 

Given rutin's established anticancer potential and the 

documented limitations of conventional 

formulations, this study was designed to formulate 

and characterize rutin phytosomes using 

systematically varied preparation parameters. The 

objective was to optimize formulation variables to 

achieve superior physicochemical properties that 

could facilitate enhanced therapeutic delivery [7,31-

37]. 

 

MATERIALS AND METHODS 
2.1 Materials 
Rutin (3-O-α-L-rhamnosyl-α-L-glucosyl quercetin) 

and soya lecithin (phosphatidylcholine, purified, 

30%) were obtained from reputable pharmaceutical 

suppliers. Organic solvents including N-hexane 

(analytical grade) and acetone (analytical grade) were 

procured from standard chemical suppliers and used 

without further purification. Whatman filter paper 

No. 40 was used for filtration procedures. 

 

2.2 Methods  
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2.2.1 Phytosome Preparation 

Rutin phytosomes were prepared using a solvent 

evaporation method as previously described[7]. Soya 

lecithin was dissolved in 20 mL of the respective 

organic solvent (N-hexane or acetone) by gentle 

stirring. Rutin was then gradually added to the 

lecithin solution in predetermined ratios (1:0.5, 1:1, 

1:2, 0.5:1, and 2:1 by mass). The resulting mixture 

was sonicated for 20 minutes in an ultrasonic bath at 

controlled temperature to ensure homogenous 

dispersion and complexation. 

 

The sonicated solution was transferred to a 100 mL 

round-bottom flask and subject to controlled heating 

at 50–60°C using a heating mantle. Evaporation was 

continued until approximately 50% of the solvent 

had been removed. This partial evaporation step was 

critical for promoting phytocomplex formation while 

retaining sufficient solvent to prevent degradation. 

 

Following solvent evaporation, the mixture was 

filtered through Whatman filter paper No. 40 to 

separate the phytocomplex. The retained phytosomal 

complex was dried under ambient conditions with 

periodic stirring to ensure uniform drying. The 

resulting dried phytosome was then diluted with 

appropriate solvent and sonicated briefly to achieve a 

transparent dispersion suitable for particle 

characterization studies. 

 

2.2.2 Formulation Design 

A factorial design approach was employed to 

systematically investigate the effects of critical 

variables. Two factors were varied: (1) the molar 

ratio of rutin to soya lecithin, and (2) the nature of 

the organic solvent used. This resulted in nine 

formulations as presented in Table 1. 

 

2.2.3 Characterization Techniques 

Particle Size and Zeta Potential Analysis 

Dynamic light scattering (DLS) was employed to 

determine the particle size distribution and zeta 

potential of the prepared phytosomes. Samples were 

diluted appropriately with Milli-Q water and 

analyzed using a calibrated particle size analyzer 

operating at 25°C. Results were expressed as mean 

diameter (nm) and mean zeta potential (mV) with 

standard deviation. 

 

Solubility Assessment 
The solubility of rutin phytosomes was assessed in 

two standard solvents: N-hexane and acetone. 

Phytosomal dispersions were mixed with equal 

volumes of test solvent and observed for visual 

appearance and dissolution characteristics. Solubility 

was graded on a three-point scale: (++) indicating 

complete solubility; (+) indicating partial solubility 

(10–20% dissolution); and (–) indicating negligible 

solubility. 

 

RESULTS 

3.1 Phytosome Formulation and Preparation 

Nine rutin phytosome formulations were successfully prepared using the solvent evaporation method. The 

formulations were designed with two independent variables: solvent type (N-hexane or acetone) and rutin:lecithin 

molar ratios. Detailed formulation parameters are presented in Table 1. 

 

3.2 Particle Size Analysis 
Particle size determination by dynamic light scattering revealed significant variations based on solvent selection 

and compositional ratios. 

 

N-hexane-based formulations demonstrated relatively smaller and more uniform particle sizes. As shown in Table 

2, formulation F7 exhibited the smallest particle diameter at 100.1 nm, followed by F1 (152.8 nm) and F9 (132.2 

nm). Interestingly, formulation F2 showed considerable particle aggregation with a mean diameter of 735.7 nm, 

suggesting suboptimal complexation at the 1:1 molar ratio in this solvent system. 

 

Acetone-based formulations displayed markedly larger particle dimensions overall, with particular aggregation 

observed in F4 (7745.1 nm) and F10 (5707.3 nm). The acetone formulations showed inverse relationship with 

lecithin concentration—lower lecithin proportions resulted in dramatically increased particle size. In contrast, F6 

(1:2 ratio) and F5 (1:1 ratio) maintained more reasonable sizes of 239.7 nm and 154 nm respectively, suggesting 

that higher lecithin concentrations promoted better emulsification and size control in the acetone system. 

 

3.3 Zeta Potential Characterization 
Zeta potential values reflect the electrostatic stability of the colloidal phytosome dispersions. All N-hexane 
formulations demonstrated substantially negative zeta potentials, ranging from −13.5 to −40.0 mV (Table 2).  
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Table 1: Formulation Parameters for Rutin Phytosome Preparations 

Formulation Rutin:Lecithin Ratio Solvent Batch Code 

F1 1:0.5 (Low) N-hexane Low-hexane 

F2 1:1 (Medium) N-hexane Med-hexane 

F3 1:2 (High) N-hexane High-hexane 

F7 0.5:1 (Low) N-hexane Low-rev-hexane 

F9 2:1 (High) N-hexane High-rev-hexane 

F4 1:0.5 (Low) Acetone Low-acetone 

F5 1:1 (Medium) Acetone Med-acetone 

F6 1:2 (High) Acetone High-acetone 

F10 0.5:1 (Low) Acetone Low-rev-acetone 

F12 2:1 (High) Acetone High-rev-acetone 

 

Table 2: Particle Size and Zeta Potential Characterization of Rutin Phytosome Formulations 

Batch Rutin (mg) Soya Lecithin (mg) Particle Size (nm) Zeta Potential (mV) 

N-hexane-based Formulations 

F1 300 150 152.8 −40.0 

F2 300 300 735.7 −39.1 

F3 300 600 198.4 −33.8 

F7 150 300 100.1 −24.2 

F9 600 300 132.2 −13.5 

Acetone-based Formulations 

F4 300 150 7745.1 −37.0 

F5 300 300 154.0 −24.0 

F6 300 600 239.7 −31.0 

F10 150 300 5707.3 −40.5 

F12 600 300 254.3 0.2 

 

These negative values indicate electrostatic repulsion between particles, contributing to colloidal stability and 
reducing aggregation tendency. Formulation F1 showed the most negative value (−40.0 mV), followed by F2 

(−39.1 mV), both indicating excellent electrostatic stabilization. 

 
Acetone-based formulations similarly exhibited negative zeta potentials with values between −37.0 and −40.5 mV, 

except for formulation F12, which demonstrated a near-neutral zeta potential of 0.2 mV. This near-zero zeta 

potential in F12 suggests reduced electrostatic stabilization and potential instability during storage, making this 

formulation less favorable for pharmaceutical applications. 

 

3.4 Solubility Profile 
The solubility assessment in different solvents revealed distinct patterns reflecting the amphipathic nature of 

phytosomes (Table 3). 

 

N-hexane solubility: Phytosomes demonstrated poor to partial solubility in N-hexane. Five formulations (F1, F2, 

F4, F6, F9, F12) exhibited complete insolubility (–) in this nonpolar solvent. Four formulations (F3, F7, F10) 

showed partial solubility (+) with 10–20% material dissolving in N-hexane. This poor performance in the purely 

nonpolar solvent reflects the hydrophilic character imparted by the lecithin and the bound rutin molecule. 
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Acetone solubility: In contrast, all phytosomal formulations (F1–F12) demonstrated excellent solubility (++) in 

acetone, achieving complete dissolution. This universal high solubility in the polar aprotic solvent acetone suggests 

that the phytosomes retain aqueous-like dissolution characteristics while potentially maintaining the amphipathic 

nature necessary for biological function. 

 

Table 3: Solubility Profile of Rutin Phytosome Formulations in Different Solvents 

Formulation N-hexane Solubility Acetone Solubility 

F1 – (Not soluble) ++ (Fully soluble) 

F2 – (Not soluble) ++ (Fully soluble) 

F3 + (Partially soluble, 10–20%) ++ (Fully soluble) 

F4 – (Not soluble) ++ (Fully soluble) 

F6 – (Not soluble) ++ (Fully soluble) 

F7 + (Partially soluble, 10–20%) ++ (Fully soluble) 

F9 – (Not soluble) ++ (Fully soluble) 

F10 + (Partially soluble, 10–20%) ++ (Fully soluble) 

F12 – (Not soluble) ++ (Fully soluble) 

 

DISCUSSION 
The phytosome formulations prepared in this study 

demonstrate the effectiveness of complexing rutin 

with soya lecithin to modulate its physicochemical 

properties. Several key observations emerge from the 

characterization data. 

 

Solvent Selection and Particle Characteristics 
The choice of organic solvent significantly influenced 

phytosome formation and final particle size 

distribution. N-hexane-based formulations 

consistently produced smaller particles with more 

favorable characteristics compared to acetone-based 

systems[8]. This may be attributed to differences in 

solubility of rutin and lecithin in these solvents, 

affecting the kinetics of complexation and 

precipitation. The superior performance of N-hexane 

is likely related to the selective solubility of the 

phytochemical-phospholipid complex in this solvent, 

allowing for controlled precipitation and complex 

formation with better particle definition. 

 

Compositional Effects on Particle Size 
The molar ratio of rutin to lecithin profoundly 

influenced final particle dimensions. In N-hexane 

formulations, intermediate ratios (1:1 in F2) 

produced larger aggregates, while the lowest ratio 

(0.5:1 in F7) yielded the smallest and most uniform 

particles. This relationship suggests that lecithin-to-

rutin stoichiometry directly affects complexation 

efficiency. An excess of lecithin relative to rutin may 

promote formation of micellar structures or 

polydisperse aggregates, whereas balanced or 

lecithin-deficient ratios may favor formation of 

discrete phytosomal complexes of smaller dimension. 

The dramatic particle enlargement observed in 

certain acetone formulations (F4: 7745.1 nm; F10: 

5707.3 nm) is noteworthy and concerning for 

pharmaceutical applications[9]. These formulations 

employed low lecithin-to-rutin ratios (1:0.5 and 

0.5:1) in acetone, suggesting that the solvent's higher 

polarity may inadequately stabilize complexes with 

insufficient phospholipid content, resulting in gross 

aggregation and phase separation. 

 

Zeta Potential and Colloidal Stability 
The consistent negative zeta potentials (excluding 

F12) across formulations are essential for 

pharmaceutical stability. According to DLVO 

theory, particles with zeta potentials of ±25 mV or 

greater are generally considered well-stabilized 

against aggregation[10]. Most formulations exceeded 

this threshold, indicating good long-term stability 
potential. The exceptional zeta potential of F1 (−40.0 

mV) and F2 (−39.1 mV) in N-hexane systems and 

F10 (−40.5 mV) in acetone suggest particularly 

robust colloidal stability for these formulations. 

 

The anomalous result for F12 (zeta potential 0.2 mV) 

requires consideration. This formulation combines 

the 2:1 rutin:lecithin ratio (high rutin content) with 

acetone and represents the most rutin-rich system 

studied. The near-zero zeta potential may reflect 

charge neutralization in a system where rutin's 

inherent charges are not adequately compensated by 

lecithin's surface activity. This formulation would be 

expected to exhibit poor suspension stability and 

significant settling or aggregation upon storage. 

 

Solubility Implications for Drug Delivery 
The universal excellent solubility of phytosomes in 

acetone represents a promising finding for 

formulation development. This enhanced solubility 

suggests that the phytosomal complexes maintain or 
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improve upon the dissolution characteristics of free 

rutin. The mechanism likely involves the 

amphipathic nature of phospholipid-phytochemical 

complexes, which can interact favorably with both 

polar and nonpolar environments[11]. 

 

The poor solubility in N-hexane, while initially 

appearing unfavorable, actually provides important 

information about the complex structure. The 

retention of hydrophilic character indicates that the 

lecithin's polar headgroup remains exposed in the 

complex, available for interaction with aqueous 

media—a critical requirement for biological 

absorption and therapeutic function. This contrasts 

with purely lipophilic modifications that might 

sacrifice aqueous solubility needed for intestinal 

absorption. 

 

Optimal Formulation Selection 
Based on comprehensive characterization, 

formulation F7 emerges as the most promising 

candidate for pharmaceutical development: 

● Smallest particle size (100.1 nm) for optimal 

absorption 
● Favorable electrostatic stability (zeta potential 

−24.2 mV) 

● Balanced composition (0.5:1 rutin:lecithin ratio) 

● Prepared in N-hexane, the more effective solvent 

system 

 

The nanometer-scale dimension of F7 is particularly 

advantageous for biological function. 

Nanotechnology-based delivery systems in this size 

range have been extensively documented to enhance 

cellular uptake through endocytosis and improve 

lymphatic absorption when appropriately 

formulated[12]. 

 

Comparison with Previous Approaches 

Phytosomal technology represents an advance over 

traditional solid-state formulation of rutin (such as 

direct compaction of crude powder) and simple 

inclusion complexes with cyclodextrins. Unlike the 

marketed rutin tablet (Natureplus 500 mg) that relies 

on passive mixture of drug and excipients, the 

phytosomal approach creates an intimate molecular 

complex with documented bioavailability 

enhancement[13]. 

 

CONCLUSION 
This study successfully prepared and characterized 

nine rutin phytosomal formulations using a solvent 

evaporation method with systematically varied 

compositional parameters. The results demonstrate 

that phytosomal complexation effectively modulates 

the physicochemical properties of rutin, with N-

hexane emerging as the preferred solvent and lower 

rutin:lecithin ratios promoting smaller, more uniform 

particles with improved colloidal stability. 

The optimal formulation (F7) achieved particle 

dimensions of 100.1 nm with negative zeta potential 

(−24.2 mV), properties expected to facilitate 

enhanced intestinal absorption and therapeutic 

efficacy. The improved solubility profile of 

phytosomes in aprotic solvents further supports their 

utility as an advanced delivery system. These 

findings suggest that rutin phytosomes represent a 

promising formulation strategy to overcome the 

bioavailability limitations of this important 

flavonoid, with potential application in nutraceutical 

and pharmaceutical industries. 

 

Future investigations should include in vitro 

dissolution testing, cellular uptake studies, and in 

vivo bioavailability assessment comparing 

phytosomal rutin with conventional formulations. 

Such studies would establish the clinical significance 

of the favorable physicochemical properties 

demonstrated herein and validate phytosomal 

technology as an effective strategy for enhanced rutin 

delivery and therapeutic application. 
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