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Abstract  

Based on phytosomes advantages over liposomes, hyaluronic acid (HA) with/out pegylated 

phospholipid was used to develop surface-modified genistein (Gen) phytosome as Gen pegylated 

hyaluophytosomes (G-PHA) and Gen hyaluophytosomes (G-HA) as novel delivery systems for 

breast cancer treatment. In this study, in-vitro characterization of G-HA and G-PHA shows PS 

144.2 ±1.266 nm and 220.3 ±2.51 nm, ZP -30.9 ±0.75 and -32.06 ±0.305 respectively.  

Morphological elucidation shows HA covers the surface of G-HA and the presence of a transparent 

layer of PEG surrounding G-PHA. In-vitro release shows a significant slow Gen release from G-

HA, and G-PHA compared to Gen solution and Gen phytosomes. In-vivo bioavailability data shows 

improvement in bioavailability for G-HA and G-PHA compared to Gen suspension (AUC0-t :3.563 

±0.067, 2.092 ±0.058, 0.374 ±0.085 µg/ml*h respectively). Therapeutic evaluation of the prepared 

targeted formulations was carried out by subcutaneous injection in an EAC-induced breast cancer 

model in mice. G-HA and G-PHA show a promising chemotherapeutic effect in terms of lowering 

the tumor size and tumor biomarkers (CEA: -34.6, -44.7 & CA15.3: -77.8, -81.6 respectively). This 

reduction in their values compared to Gen phytosomes, Gen suspension, and the control group is 

attributed to high Gen accumulation at the target organ owing to targeting properties of HA that are 

used in phytosomal surface modification in G-HA. Additionally, the presence of MPEG2000-DSPE 

in G-PHA tends to improve interstitium lymphatic drainage following SC administration, resulting 

in maximizing the therapeutic benefits of breast cancer despite the difference in pharmacokinetics 

behavior compared to G-HA. These formulations can be further studied for metastatic breast cancer.  

 

Keywords: Genistein, hyaluronic acid, Gen hyaluophytosome, pegylated hyaluophytosome 

lymphatic delivery, breast cancer 

 

1. Introduction 

Breast cancer is the most common metastatic cancer among women and is considered one of the 

leading causes of morbidity and mortality worldwide. It is categorized into three major subtypes 

based on the presence or absence of molecular markers estrogen or progesterone receptors and 

human epidermal growth factor 2 (ERBB2; formerly HER2) including hormone receptor-

positive/ERBB2 negative (70% of patients), ERBB2 positive (15%-20%) and triple-negative 

(tumors lacking all 3 standard molecular markers; 15% (1)). Lymphatic vessels are characterized by 

high permeability compared to vascular vessels. Therefore, the lymphatic system serves as the 

primary route for tumor cell metastasis. Where tumor cells migrate from the primary tumor to the 

sentinel lymph node. Eventually, it exits via the efferent lymphatic vessels and utilizes the venous 

system or the nascent blood vessels that serve lymph nodes to merge with the systemic circulation(2).  

 

Genistein (Gen) is a polyphenolic isoflavone, which has a close structural similarity to estrogens. 

Gen has weak estrogenic activity and is labeled as a phytoestrogen. Because of its structural 

similarity to 17b-estradiol (estrogen), Gen has been shown to compete with 17b-estradiol in ER 

(estrogen receptor)(3). Gen blocks the binding site of more potent estrogens at the same time it  

affects estrogen metabolism, thereby exerting a potentially favorable role in the prevention of breast 
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cancer.  Additionally, Gen is a well-known inhibitor of the protein-tyrosine kinase (PTK) which 

may suppress the growth of cancer cells by inhibiting PTK-mediated signaling mechanisms(4). 

Sakla et al.(5) reported that Gen inhibits the proto-oncogene HER-2 protein tyrosine phosphorylation 

in breast cancer cells as well as delaying tumor onset in transgenic mice that overexpress the HER-

2 gene. However, Gen possesses poor aqueous solubility and extensive hepatic metabolism(6) which 

limits its clinical application. Recently, Bhat et al(7) showed other cytotoxic effects of Gen against 

breast cancer. Therefore, the use of a targeted drug delivery system is a promising approach to 

delivering active Gen aglycone to breast cancer cells. 

 

Tyagi et al(8) proposed different delivery systems that were developed to solve the 

biopharmaceutical obstacles facing Gen development from bench to clinic including polymeric 

nanoparticle(9–13), nanocapsule(14), nanoemulsion(15,16), nano lipid carrier(17) and metallic 

nanoparticle(18). In-vitro cytotoxicity rather than in-vivo cytotoxicity evaluation was applied only 

for those delivery systems. They were assessed in different cancer models including cervical, liver, 

colon, prostate, and human lung carcinoma.   

 

Phospholipid-based delivery systems such as liposomal nanocarriers attracted much interest in 

lymphatic delivery after subcutaneous (SC) injection. Vesicle size, liposome composition, surface 

charge(19–21), and steric stabilization of liposome may enhance lymphatic drainage(22). Tiantian et 

al.(23) reported using soy phosphatidylcholine (SPC) in the preparation of low molecular weight 

hyaluronic acid-modified docetaxel-loaded liposomes to enhance lymphatic drainage and lymph 

node uptake of liposomes following SC administration.  

 

Unlike liposome, phytosome is a chemical interaction between phospholipid molecule and 

polyphenolic compound either by hydrogen bond formation or by van der Waal attraction force. 

Therefore, drug leakage in phytosomal formulations does not take place(24). Additionally, the 

physicochemical stability of phytosome depends on the physicochemical properties of the drug-

lipid complex, such as phase transition temperature, solubility, melting point, and lipid composition 

which results in better physical stability over conventional liposomes(25). However, not enough 

studies were performed on using surface-modified phytosomes as a targeting delivery system. 

 

Hyaluronic acid (HA) is a negatively charged hydrophilic biocompatible polymer of linear 

glycosaminoglycan and it's the major component of the extracellular matrix and is distributed in 

various body parts(26). It is reported to be used in breast cancer cell targeting as it is one of the most 

important ligands for CD44 receptors found at the surface of a breast cancer cell (27). Where CD44 

receptor is activated in the presence of HA resulting in a series of cellular events leading to 

increased cell proliferation and migration. Interestingly, It is proposed that HA follows lymphatic 

drainage from the interstitium like natural compounds(23).  PEGylation technique is used in different 

liposomal research work for breast cancer targeting to achieve prolonged drug circulation in plasma 

and controlled release in vivo after intravenous administration(28). Additionally, PEGylated 
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liposomes would hamper the phagocytosis by macrophages and influence their uptake by the lymph 

node owing to the presence of a PEG hydrophilic layer that possesses steric stabilization(19) 

Our study aims to develop a novel surface modified Gen-phytosomes for in-vivo breast cancer 

treatment using biocompatible excipients. As a chosen ligand, HA was used to prepare (Gen 

hyaluophytosomes, G-HA) to direct Gen phytosome to the highly CD44 expressed breast tumor 

however, PEGylated phospholipid (MPEG2000-DSPE) was also used to prepare (Gen pegylated 

hyaluophytosomes, G-PHA) to enhance the lymphatic drainage of Gen HA. G-HA and G-PHA 

were characterized in-vitro for their quality attributes. In-vivo characterization includes the effect 

of the surface-modified formulations on Gen pharmacokinetics. The therapeutic effectiveness was 

also evaluated following SC administration.  

 

2. Materials and methods 

 

2.1. Materials 

Genistein (Gen) powder was purchased from Shanghai-Soyoung Biotech. Inc (Shanghai, China). 

Lipoid® S100 (~98% pure soy phosphatidylcholine SPC) and 2-dioleoyloxy-3-

Trimethylammoniumpropanchloride (DOTAP) and Lipoid PE 18:0/18:0-PEG 2000 (N-(Carbonyl-

methoxy polyethylene glycol-2000)-1, 2 distearoyl-sn-glycero-3 phosphoethanolamine, sodium 

salt) MPEG2000-DSPE were gift samples from Lipoid Co., Ludwigshafen (Germany). Low 

molecular weight Hyaluronic acid [Mwt = 0.8-1.17 x 104 Da] was a sample gift from Shiseido 

(Japan). Propylparaben base was a sample gift from Medizen Pharmaceutical Industries, Egypt. 

Methanol and Acetonitrile HPLC were purchased from J.T.Baker (USA). 0.85% Phosphoric acid, 

acetic anhydride, glacial acetic acid, ammonium acetate, and Diethyl ether were purchased from 

Loba Chemie (India).  

 

2.2. Animals  

 Female albino mice (25 - 30 gm) were obtained from the animal house (Pharos University, 

Alexandria) to be used in the experiments. All experiments were held under the National Institute 

of Health guide for the care and use of laboratory animals and ethically approved by the unit of 

research ethics approval committee (Pharos University, Alexandria, #01201910133011). The mice 

were housed in a temperature and humidity-controlled room (23ºC, 55% air humidity) with free 

access to water and standard chow. Mice were fed with non-soy food for at least one week before 

the experiments(29) and were fasted overnight before the date of any experiment with free access to 

water. 

 

2.3. Preparation of surface-modified Gen-phytosomes 

Gen-SPC complex was previously prepared and physically characterized to elucidate the complex 

formation between Gen and SPC namely, Lipoid® S 100(30). Using the solvent evaporation 

method(31,32)Gen (20 mg) and SPC (molar ratio 1:4.5) were dissolved in 25 ml of methanol at room 

temperature. Then, the mixture was subjected to evaporation in a thermostatically controlled water 

bath (37±1 °C) for 12-14 hours. In-vitro characterization of the Gen-SPC complex was carried out 
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using differential scanning calorimetry (DSC) and Fourier transform infrared (FT-IR). Gen powder, 

pure SPC, Gen-SPC, and physical mixture were used in those measurements.  

 

2.3.1. Preparation of Gen-loaded hyaluophytosomes (G-HA)  

 

Based on the former Gen-SPC complex preparation method, DOTAP was added in different weight 

percentages relative to SPC (0.075%, 1%, and 2%). The mixture was refluxed for 2 hours in 25 ml 

methanol at room temperature. To obtain G-HA; 100 ml HA solution (pH 7.4 PBS) in different 

concentrations (0.05, 0.1, 0.2 mg%) was kept at 25 ͦC with 20 rpm magnetic stirring. A positively 

charged Gen-SPC-DOTAP complex was slowly added to the above HA solution under vigorous 

stirring. After completion of the addition step, stirring was continued for 10 minutes(23).  

 

2.3.2. Preparation of Gen-loaded pegylated hyaluophytosomes (G-PHA) 

 

The abovementioned method of preparation was used and MPEG2000-DSPE has been added to Gen-

SPC-DOTAP (1:4.5:0.045) mixture with a mass ratio (1:1) to DOTAP(33). To obtain G-PHA 

phytosomes, the prepared complex was added slowly with 0.1% of aqueous HA (pH 7.4 PBS) under 

vigorous stirring. The stirring was continued at 20 rpm and 25 ͦC for 10 minutes. The prepared G-

HA and G-PHA formulations were extruded for 5 successive cycles through a polycarbonate 

membrane (pore size of 200 nm, 25 mm diam.)  at room temperature with the aid of a liposome 

extruder (Model ER-1, Eastern scientific LLC, USA) and were filled into tightly capped tubes and 

stored at 4°C. 

 

2.4. In-vitro characterization of surface-modified Gen phytosomes 

2.4.1. Analysis of Gen content in the prepared formulations 

A sample equivalent to 20 mg Gen from the prepared phytosomes (Gen phytosome, G-HA, and G-

PHA) was dissolved in 100 ml methanol. After proper dilution, Gen concentration was measured 

by validated HPLC measurement(34). HPLC (Agilent 1200, USA) supplied with a UV-diode array 

detector was used with the Hyperclone™ BDS C18 column (5µm, 130Å, 250 x 4.6 mm). 20µl of 

samples were eluted with a solvent mixture of 50 mM of ammonium acetate buffer and acetonitrile 

using gradient elution with a 1.5 ml/min flow rate and 37 minutes runtime. The UV detection 

wavelength was set at 250 nm.  

2.4.2. Particle size, Zeta potential, and polydispersity index 

The mean particle size (PS), polydispersity index (PDI), and zeta potential (ZP) for the prepared 

Gen phytosome, G-HA, and G-PHA formulations were measured after 250 fold dilution with 

filtered diluted PBS pH 7.4 by using the dynamic light scattering technique (DLS) using Malvern 

zetasizer (Malvern instruments, UK). Measurements were performed in triplicates. Data are 

presented as mean value ± SD. 
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2.4.3. Morphological elucidation by transmission electron microscope (TEM) 

The morphological examination was carried out on Gen phytosome, G-HA, and G-PHA. A single 

drop from each sample was added to a copper grid then excess fluid was removed by a piece of 

filter paper. The film on the grid was subsequently stained using uranyl acetate and allowed to dry 

at room temperature before the TEM examination(35).  

2.4.4. In-vitro drug release study 

The dialysis method was used to assess and compare the release of Gen from its solution, an 

aqueous dispersion of Gen-phytosomes, G-HA, and G-PHA in comparison with Gen suspension. 

Dialysis bags (Visking®, diameter 21 mm, MWCO 12000-14000, Serva, USA) were filled with 1 

ml sample containing 0.3 mg/ml Gen and placed in 23 ml of phosphate buffer pH 6.8 and 0.1% 

(w/v) tween 80 as the release medium under sink conditions as described by shehata et al(36). The 

experiment was performed in a thermostatically controlled shaking water bath equipped at 

37±0.5°C and 100 rpm. At different time intervals (0.5, 1, 2, 3, 4, 5, and 24 hours), 1 ml sample 

was withdrawn and replaced with the same volume of prewarmed fresh release medium. Samples 

were assayed by HPLC. All experiments were performed in triplicate and the results are presented 

as mean value ± SD. 

2.5. In-vivo bioavailability study  

To figure out the effect of Gen phytosomes, G-HA, and G-PHA on Gen systemic bioavailability 

after SC administration; pharmacokinetic parameters were calculated for parent unconjugated Gen 

(free aglycone) applying a non-compartmental model using PK Solver Add-ins tool in Microsoft® 

Excel 2016. Pharmacokinetic parameters such as Cmax and AUC0-t were calculated applying a 

trapezoidal rule.   

0.4 ml of Gen phytosome, G-HA, and G-PHA formulations compared to Gen suspension were 

injected with SC providing 50 mg Gen /Kg to detect the parent aglycone in different biological 

matrices. Healthy female mice were divided into 4 groups for Gen suspension, Gen-phytosome, G-

HA, and G-PHA (5 mice/group) and anesthetized with Diethyl Ether.  

Blood samples (200-300 µL) were collected from a super facial temporal vein after 0.25, 0.5, 1.0, 

2.0, 3.0, 4.0, and 5.0 hours in polyethylene tubes supplied with K2EDTA. Blood samples were 

subjected to centrifugation at 4000 rpm at room temperature to separate plasma. Plasma samples 

were stored in a deep freezer (-20ºC) until analysis. Samples were assayed using HPLC analysis 

with propylparaben (PP) as an internal standard (IS)(34,37). All experiments were performed in 

triplicate and the results are presented as mean value ± SD. 

 

2.6. Antitumor activity of surface-modified Gen- phytosomes 

Breast cancer was induced by SC injection of 0.2 ml of diluted Ehrlich Ascites Carcinoma (EAC) 

fluid containing a fixed number of viable cells. The fluid was injected into the left side of the 

mammary fat pad of female albino mice. Twenty-five mice were divided into 5 groups (5 

mice/group).  
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The tumor growth was measured by using Vernier calipers and tumor volume was calculated using 

the following equation(38):  

                                                                                  V = (L × W2) × 0.5 

Where V = tumor volume, L = length and W = width.  

After 7 days of EAC inoculation, tumor size was examined using calipers. Gen suspension, Gen 

phytosome and targeted Gen-phytosomes (G-HA and G-PHA) equivalent to (15mg Gen/kg) were 

subcutaneously injected into the flank for 10 days. Tumor growth inhibition was measured by using 

Vernier calipers at 7 and 17 days from EAC inoculation and tumor volume was calculated using 

the same equation illustrated before. The % change in tumor volume was calculated for all study 

groups. Animals were anesthetized with 20% Diethyl ether and blood samples were withdrawn into 

non-heparinized tubes for tumor marker analysis at zero, 7, and 17 days of EAC inoculation(39). 

Tumor markers applied for breast cancer assessment were carcinoembryonic antigen (CEA) and 

cancer antigen (CA 15.3).  At the end of the treatment, mice were sacrificed, and blood samples 

were collected by direct heart puncture. The infected mammary gland was isolated to be used in 

further experiments.  

 

2.7. Gen disposition in isolated mammary gland 

After animal sacrifice, mammary gland homogenate was used to determine Gen disposition in the 

mammary gland after the treatment period. Where it was weighed, and PBS (pH=7.4) was added 

in a ratio (1:1) before the homogenization step. 400 µl of methanol and 100 µl PP as internal 

standard were vortexed with the same amount of mammary gland homogenate. Samples were 

subjected to centrifugation at 15000 rpm for 5 minutes. The supernatant was carefully withdrawn 

and filtered through a 0.45 µm syringe filter before being analyzed by HPLC. Samples were 

analyzed in triplicates and data were represented as mean value ±SD. 

 

2.8. Statistical data analysis  

Statistical data analysis was carried out using (Graph prism, version 5, USA). Results were 

expressed using mean and standard deviation. Statistically significant differences were determined 

using a two-tailed unpaired student’s t-test. For pairwise comparison, one-way ANOVA was 

followed by Tukey’s post hoc analysis.  𝑃 < 0.05 was described as the level of significance. 

 

3. Results & Discussion 

CD44 receptor is overexpressed at the surface of breast cancer cells, and it involves different cell 

proliferation events. HA is a CD44 agonist, thus the modification strategy of Gen-phytosomes 

depended on developing Gen-hyaluophytosome formulation for breast cancer targeting. PEGylated 

hyaluophytosomes were also prepared using MPEG2000-DSPE to improve the lymphatic drainage 

for the targeted formulation. SC route of administration is considered also to be a primary route for 

lymphatic delivery with several advantages. These advantages include drug accumulation at the site 

of administration for a longer period, low clearance, sustained release, and increased absorption. 
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After SC administration, lipid nanoparticles (LNPs) are not directly transported to systemic 

circulation because capillaries control the permeability of water and small molecules. However, 

LNPS tend to be absorbed by lymphatic capillaries which surround the sub-cutaneous site of 

injection rather than systemic capillaries depending on their size, surface charge, and degree of 

hydrophilicity(40).  

 

3.1. Preparation and optimization of surface-modified Gen phytosomes 

 

3.1.1. Gen phytosomes 

 

Different molar ratios between Gen and SPC were previously examined(30), it is found that the molar 

ratio (1:4.5) between Gen and SPC results in the formation of clear yellow stable gel form 

preparation. The complex is further confirmed by utilizing FT-IR and DSC, figure (1). 

As shown in figure (1A), a characteristic broad stretching band for Gen-SPC complex is observed 

at 3600-3100 cm-1 referring to contributions of O-H stretching vibration arising from hydrogen 

bond with different O-H groups of Gen (i.e., sharp peak at 3400 cm-1 for pure Gen(41)). Additionally, 

a characteristic sharp peak at 1299-1250 of P=O(42) in pure SPC is not observed in the complex. In 

figure (1B), an endothermal peak for the Gen-SPC complex is observed at 129.8 ͦC while the 

endothermal peak for Gen and SPC is appeared at 303.66 ͦC(43) and 162 ͦC, respectively. These 

observations indicate a formation of the complex between Gen and SPC by hydrogen bond 

formation between phenolic (-OH) groups and P=O of SPC. However, no change in IR spectra and 

DSC peaks for Gen and SPC are notified in a physical mixture between them. 

 

3.1.2.   Gen-hyaluophytosome (G-HA) 

 

The pKa of HA was approximately 3.0, thus ionization of HA is complete in the pH 7.4 PBS(23). 

HA acquires a negative charge which hinders it to be electrostatically attached to the surface of the 

formed vesicles. It is observed that Gen-phytosomes acquire a negative net charge (i.e. -

35mV±0.80) on their surface due to the presence of phosphate group in its chemical structure.  

Cationic liposomes are likely to be prepared by DOTAP(44). DOTAP can convert the surface net 

charge to a positive charge owing to the presence of a quaternary ammonium group in its chemical 

structure. In-vivo toxicity of cationic liposomes induced by DOTAP was discussed previously by 

Knudsen et al. (44) supporting the use of DOTAP in the lowest applicable concentration use (0.75%, 

1%, and 2% of SPC concentration).  

The net surface charge of 0.75%, 1% and 2% DOTAP-SPC vesicles are measured to be (-35.9 

mV±0.96, +22.6 mV±0.67 and +65.1 mV±0.82), respectively. Based on this; 1% DOTAP was used 

in the preparation of G-HA formulations complex to be hydrated with hyaluronic acid (HA) to form 

hyaluophytosomes. 
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Different concentrations of LMWHA in the hydrating medium (0.05%, 0.1%, and 0.2%) were 

examined to determine the appropriate amount of HA to be used in G-HA preparation. Where using 

low concentrations in the hydrating medium is reported to surround the vesicle surface(45). 

 

The net negative charge on the surface of phytosomes increases with HA concentration increase to 

be (-30.2 mV ±0.49, -35.6mV ±0.50, and -54.7 mV ±0.71) for 0.05%, 0.1%, and 0.2% LMWHA 

solutions respectively. This might be attributed to HA coating on the surface of phytosomes thus 

imparting a negative charge. 0.2% HA shows a significant (P<0.05) high negative charge than other 

concentrations indicating the presence of an excess amount of HA in the medium rather than the 

vesicle surface.  Hence, using 0.1% HA was selected for efficient coating on the vesicle surface 

rather than dispersion medium. 

 

3.1.3. Gen-pegylated hyaluophytosome (G-PHA) 

 

To improve the effectiveness of Gen in cancer treatment owing to the presence of HA and 

polyethylene glycol (PEG), a novel formulation of Gen pegylated hyaluophytosomes was prepared. 

The preparation of pegylated liposomes was previously described by Yang et al.  (46)to improve the 

passive targeting for pegylated paclitaxel-loaded liposomes via enhanced permeability and 

retention mechanism in-vivo(47–50)
. It was reported by Zhuang et al. (33) that using 1mol% of 

MPEG2000-DSPE relative to DOTAP in cationic liposomes accelerated the drainage of DOTAP 

liposomes into draining lymph nodes and, prolonged their lymph node retention following SC 

administration. Additionally, applying 5 mol% of MDPEG2000-DSPE into DOTAP liposomes 

enhanced their lymph node retention and uptake to a lesser extent.  

PEG also prolonged the blood circulation of DOTAP liposomes and increased their splenic 

accumulation. Thus, 2.5 mol% of MPEG2000-DSPE was selected for the preparation of the Gen-

SPC-DOTAP complex relative to DOTAP mol %. Then, Gen-SPC-DOTAP-MPEG2000-DSPE was 

dispersed after solvent evaporation in 0.1% HA to prepare pegylated Gen-hyaluophytosomes. 

 

3.2. Characterization of surface-modified Gen phytosomes 

Physicochemical characterization of targeted Gen phytosomes encompassed the assessment of Gen 

content, PS, ZP, and PDI as depicted in Table (1).  

PS for G-HA showed a significantly lower (P<0.05) value (144.2 nm ± 1.266) compared to G-PHA 

(220.3 nm ±2.516). This may be attributed to the presence of a layer of a PEG surrounding the 

phytosomal vesicle leading to an increase in its particle size compared to G-HA as presented in 

Table (1). The presence of HA in G-HA and G-PHA provided a negative charge for the whole 

dispersion system with no significant difference between them (P>0.05). 
 

3.3. Transmission electron microscope  

As shown in figure (2), TEM of Gen-phytosomes (2A), reveals a well-formed discrete vesicle with 

a well-identified phospholipid bilayer in different magnification powers.  
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G-HA shows a black disposition with a bright background on the surface of the spherical vesicles 

in figure (2B). Black disposition can be related to the presence of HA on the surface which turns in 

black because of staining with uranyl acetate. This finding is by Li et al. (51)who showed also using 

the uranyl acetate stain for HA. The cracks observed on the vesicle's surface shown in figure (2B) 

might be due to the drying step during the sample preparation processor or may be referred to as 

incomplete surface coverage with HA. Figure (2C) shows a TEM microscopic photograph for G-

PHA, where a black spherical vesicle is appeared owing to the presence of HA as shown in figure 

(2C) with a white layer surrounding it. This might be attributed to the presence of PEG chain 

protrusion through the HA layer surrounding the phospholipid bilayer. These PEG chains may 

appear to form a hydrophilic sheath cover HA coating layer. It is observed the thickness of the 

bilayer for G-PHA reached 30.1 nm because of the presence of HA and PEG layer surrounding 

phytosome vesicles. PS measurements on TEM images are recorded microscopically using TEM 

and found to be 100 nm, 200 nm, and 100 nm for Gen phytosome, G-HA, and G-PHA, respectively. 

These findings differ from PS measurements by (Malvern®, USA) due to differences in 

measurement techniques.  

 

3.4. In-vitro drug release  

Release data of Gen suspension was excluded from the results as the measurements were below the 

limit of quantification of Gen. As shown in figure (3), the initial release (0.5 – 4 hours) for Gen 

solution is significantly higher (P < 0.05) than other Gen formulations. The release pattern for G-

HA and G-PHA is significantly lower (P < 0.05) than the Gen solution and Gen phytosome. This 

might be attributed to the presence of HA (0.1%) in the Gen hyaluophytosome dispersions. HA 

hinders the release of solubilized complexed Gen through the dialysis membrane. Additionally, 

there is a non-significant difference (P >0.05) between G-HA and G-PHA. G-HA showed slightly 

better release through the dialysis membrane than G-PHA. This may be attributed to the relatively 

larger particle size of pegylated phytosomes compared to G-HA phytosomes.   

 

3.5. In-vivo bioavailability study 

The assay linearity of Gen calculated by measuring the peak area ratio of analyte to PP between the 

concentration range (0.11 to 24.96 µg/ml) showed high linearity with a mean r2 ≥ 0.992. The 

weighted slope and intercept were found to be y = 0.2245x + 0.123. The validation data showed the 

assay to be sensitive, accurate and precise with the intraday RSD% less than 9.88%. Whereas the 

intraday RSD% less than 3.55%.   Figure (4) and table (2) show the bioavailability of Gen aglycone 

in blood and other pharmacokinetic data after SC injection of Gen suspension, Gen-phytosome, G-

HA, and G-PHA.  

 

Gen formulations (Gen phytosome, G-HA, G-PHA) show a statistically significant increase (P 

<0.05) in (AUC0-t) value over Gen suspension indicating an enhancement of in-vivo bioavailability 

for Gen formulations over Gen suspension. This may be attributed to Gen retention at the site of 

injection resulting in low plasma exposure where the net surface charge is neutral allowing the 
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formulations to be trapped at the site of injection rather than systemically absorbed as illustrated 

previously by Patel et al(52). 

 

Under influence of small particle size, negative surface charge, and hydrophilicity; Gen phytosomes 

tend to be absorbed systemically via interstitium lymphatic drainage as shown previously by 

Hawley et al(53). However, G-HA shows a significant (P < 0.05) higher AUC0-t value compared to 

Gen-phytosome. This reflects a significant contribution of free HA in G-HA in improving Gen 

plasma exposure. These results align with those explained by Tiantian et al.  (23) after SC 

administration of docetaxel liposome coated with HA. They postulated that increasing the 

molecular weight of free HA, will result in lymphatic drainage obstruction leading to increase Gen 

exposure in plasma.   

 

 

Interestingly, G-PHA possesses significantly (P<0.05) lower values in AUC0-t, compared to G-HA.  

indicating low Gen plasma exposure although small particle size, negative surface charge, and 

presence of HA in its formulation. This result may be referred to by many assumptions; slow 

drainage from the injection site compared to G-HA because of the high particle size of G-PHA 

injected particles (220.3 nm) compared to G-HA (144.2 nm). Additionally, the particle size of SC 

administrated particles will significantly affect lymphatic uptake for injected particles as illustrated 

previously by Hawley et al.(53).  On the other hand, surface modification with PEG (G-PHA) leads 

to an increase in hydrophilicity of phytosomal vesicles. This results in the migration of vesicles 

through aqueous channels of the interstitium thus increasing its lymphatic uptake(20). Being coated 

with a hydrophilic layer (PEG), hydrophilic G-PHA possesses a low phagocytic response by 

phagocytes in lymphatic circulation leading to prolongation in lymphatic circulation rather than 

captured by opsonin(54).  It is concluded from the discussion that G-PHA shows a low systemic 

circulation to be more prolonged in lymphatic circulation after SC administration.  This will be 

further confirmed from the obtained in-vivo Gen deposition in mammary glands and its efficacy 

from G-HA and G-PHA. 

 

3.6. In-vivo anti-tumor activity 

Anti-tumor activity for Gen against breast cancer was assessed after S.C administration of Gen 

suspension, Gen phytosome, G-HA, and G-PHA. Ehrlich ascites carcinoma (EAC) cell line was 

used previously in different research articles for estrogenic(55) breast cancer induction in balb/C 

female rats (27,56). Being an estrogenic substrate, Gen suspension, Gen phytosome, and surface-

modified Gen phytosomal formulations were assessed in the treatment of estrogenic breast cancer. 

 

3.6.1. Gen disposition in malignant mammary gland 

 

The therapeutic effect of Gen formulations will depend on Gen aglycone accumulation in the 

mammary glands. Results of Gen disposition in mammary glands from the different formulations 

indicated the significant (P<0.05) higher accumulation of Gen from G-HA and G-PHA compared 
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to Gen suspension and Gen phytosomes, figure (5, bars).  In addition, a non-significant difference 

(P >0.05) was observed between G-PHA and G-HA groups in Gen accumulation in breast tissue 

despite the difference in their bioavailability performance.  

 

3.6.2. Percentage of change in tumor size  

 

Figure (5, line) shows the percentage of change in tumor size compared to the control group. A 

significant increase in tumor size in Gen suspension was observed compared to other Gen 

formulations. Additionally, there is a significant increase in tumor size for Gen phytosome group 

compared to surface-modified Gen phytosomal formulations. It can be concluded that the change 

in tumor size is correlated with the amount of Gen accumulated in the mammary gland which proves 

the effectiveness of surface-modified Gen phytosomal formulations in Gen delivery to the tumorous 

organ over un-modified Gen phytosome.  

 

3.6.3. Tumor biomarkers (CA and CA 15.3) 

 

As shown in figure (6), a significant (P < 0.05) increase in CEA and CA was 15.3 percent for Gen 

suspension compared to other Gen formulation groups. Additionally, it is noticed that levels of 

CEA and CA 15.3 for surface-modified Gen phytosomes are significantly (P<0.05) lower than 

surface unmodified Gen phytosome.  

 

From the above-mentioned results, the potential effectiveness of targeted Gen phytosomes for 

breast cancer treatment is related to accumulated Gen amount in the malignant organ. It is reported 

by Klein et al. (57)  that Gen possesses a biphasic effect on cell growth particularly ER+ in-vitro. 

Where Gen can stimulate the growth of breast tumor cells at low concentrations but higher 

concentrations, it inhibits cell proliferation. Also, Yuan et al. (58) findings support these assumptions. 

Thus, it is obvious that surface-modified Gen phytosomes proved their effectiveness to deliver in-

vivo a significant amount of Gen aglycone to the active site of the tumor compared to Gen 

phytosomes and Gen suspension.  

In G-HA, due to the presence of free HA in the interstitium, this formulation tends to deliver a high 

amount of Gen to the target organs systemically as shown in figure (4). However, G-PHA tends to 

deliver a high amount of Gen via the lymphatic system due to the presence of MPEG2000-DSPE 

which improves interstitium lymphatic drainage following SC administration. These assumptions 

were proved by the presence high Gen amount in the target organ although the difference in 

pharmacokinetic behavior between G-HA and G-PHA.  Hence, surface modified Gen phytosomes 

tend to improve the efficacy of Gen in breast cancer treatment as proved from the obtained 

decreased tumor size (figure 5) and tumor biomarkers (figure 6).  
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Conclusion 

Breast cancer-targeted Gen phytosome is a novel approach to improve cancer efficacy of Gen. SC 

route is reported to be a preferable route of administration for lymphatic drainage improvement and 

is supposed to show better chemotherapeutic action towards breast cancer.  

The current study succeeded in the preparation of two surfaces modified Gen phytosomal 

formulations based on using HA (G-HA) alone or combined with MPEG2000-DSPE [G-PHA].   

G-HA and G-PHA show a promising chemotherapeutic effect against breast cancer because of 

targeting properties owing to the presence of HA. Additionally, the presence of MPEG2000-DSPE 

results in improving interstitium lymphatic drainage and prolongation of therapeutic effects toward 

breast cancer. These findings are supported by lowering tumor size and the other tumor markers 

(CEA and CA 15.3). This opens the room for further studies to evaluate lymphatic targeting of G-

PHA toward metastatic breast cancer after SC administration.   
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Figures legends: 

Figure 1: [A] Infra-red spectra and [B] DSC thermograms, each shows the spectra of Gen, Lipoid 

S-100, Gen-SPC complex, and the physical mixture. 

Figure 2: Transmission electron microscopic photograph of [A] Gen phytosomes, [B] G-HA, [C], 

and [D] G-PHA with 500 folds dilution in distilled water. 

Figure 3: In-vitro drug release from Gen-phytosomal formulations using dialysis bag method and 

phosphate buffer pH 6.8 with 0.1% Tween [w/v] as a receiver medium, Data expressed as mean ± 

SD [n=3]. 

Figure 4: Graphical presentation for Gen aglycone in plasma after SC injection with Gen 

phytosomes, G-HA and G-PHA. 

Figure 5: Graphical presentation for Gen aglycone disposition in the isolated mammary gland and 

percentage change of tumor size at the end of treatment with Gen suspension, Gen phytosomes, 

G-HA, and G-PHA. 

Figure 6: Percentage of change of tumor markers [CEA and CA 15.3] at the end of treatment with 

Gen suspension, Gen phytosomes, G-HA, and G-PHA. 
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Table 1: Results of content, PS, PDI, and ZP of targeted Gen phytosomal formulations, values are 

presented as (mean ± SD, n=3) 

Formula No. Gen content 

(mg %) 

PS (nm) PDI ZP  

Gen-phytosomes 85% 230.5 ± 10.6 0.158 ± 0.054 -25.32 ± 0.568 

G-HA 92% 144.2 ± 1.266 0.182 ± 0.021 -30.92 ± 0.754 

G-PHA 90% 220.3 ± 2.516 0.291 ± 0.011 -32.06 ± 0.305 
 

 

Table 2: Primary and secondary pharmacokinetic parameters for free Gen aglycone detected in 

blood after SC injection of Gen suspension, Gen-phytosome, G-HA, and G-PHA, values 

represented as Mean ± SD (n=5) 

Formula No.  PK P. [unit] Free Gen aglycone 

Mean ± SD 

Gen suspension Cmax                µg/ml 

AUC0-t         µg/ml*h             

Tmax                   hr 

T1/2             hr                 

 0.202 

    0.374 

        1 

    1.141 

 0.016 

     0.085 

      N/A 

     0.225 

Gen phytosome Cmax          µg/ml  

AUC0-t         µg/ml*h 

Tmax                   hr 

T1/2             hr 

0.888 

2.257 

1 

3.287 

0.207 

0.213 

N/A 

0.909 

G-HA Cmax          µg/ml  

AUC0-t         µg/ml*h 

Tmax                   hr 

T1/2             hr 

0.959 

3.563 

0.25 

2.136 

0.054 

0.067 

N/A 

0.345 

G-PHA Cmax          µg/ml  

AUC0-t         µg/ml*h 

Tmax                   hr 

T1/2             hr 

0.505 

2.092 

3 

7.379 

0.012 

0.058 

N/A 

0.938 

 

 

 

 

 

 

 

 

 

 

                  


