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a b s t r a c t 

Euglena gracilis (EG) is a unicellular freshwater alga known for its high 𝛽-1,3-glucan (BG) content 

with well-known biological properties and immune response. The high molecular weight structure 

of BG traditionally poses a challenge in terms of its size and absorption. Therefore, the aim of this 

study was to develop a novel drug delivery mechanism of BG and EG to nanophytosomes (NPs) by 

converting the heavy molecular weight of BG and EG into lipid phosphatidylcholine (PC), which 

plays an important role in improving their bioavailability and entrapment in captivity. The BG 

and EG NPs were developed by the solvent evaporation method while varying time and tempera- 

ture to optimize their drug delivery ability. The size of BG-PC and EG-PC obtained by the Dynamic 

Light Scattering (DLS) method was 134.62 and 158.38 nm, respectively. Chemical (Fourier Trans- 

form Infra-Red) and structural (X-Ray Diffraction) characterization of NPs improved the binding 

capacity and the amorphous nature of both NPs. The shape of the NPs by Scanning electron mi- 

croscopy (SEM) and Transmission electron microscopy (TEM) revealed their spherical, vesicular 

nature. The encapsulation efficiency of BG-PC and EG-PC was 82 ± 1.62 % and 87 ± 3.22 %, 

respectively, which improves the bioavailability. The developed methodology has thus proven 

effective in synthesizing BG-PC and EG-PC, which may be useful as NP drug delivery carriers. 

Future research could demonstrate the safety and effectiveness of long-term storage conditions 

for medical and pharmaceutical applications. 

• Nanophytosomes are tailored in size, shape and composition to optimize the delivery of phyto- 

chemicals/phytocompounds through nanoscale size and surface modification for better phys- 

iological absorption. 

• Nanophytosomes increase the stability of phytochemicals/phytocompounds and protect them 

from degradation due to heat or chemical reactions, leading to longer shelf life and improved 

therapeutic efficacy. 

• In this method, optimal conditions were created for the formation of 𝛽-1,3-glucan and Euglena 

gracilis extract nanophytosomes for successful development of drug delivery system that can 
effectively deliver bioactive compounds. 

✩ Related research article W. Maryana, H. Rachmawati, D. Mudhakir, Formation of phytosome containing silymarin using thin layer-hydration 

technique aimed for oral delivery, Mater. Today: Proc. 3(2016) 855-866. 10.1016/j.matpr.2016.02.019 
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Specifications table 

Subject area: Materials Science 

More specific subject area: Nanotechnology 

Name of your method: Synthesis of Nanophytosomes 

Name and reference of original method: Maryana, W.; Rachmawati, H.; Mudhakir, D. Formation of Phytosome Containing Silymarin Using Thin 

Layer-Hydration Technique Aimed for Oral Delivery. Materials Today: Proceedings, 3 (2016), 855–866 

10.1016/j.matpr.2016.02.019 

The current method used in this manuscript was modified. 

Resource availability: Standard analytical, laboratory-grade chemicals and equipment were used.Equipment 

a) Rotary evaporator (Buchi – Rotavapour R-210) 

b) Lyophiliser (CHRIST- ALPHA 1-2 LD plus) 

c) Ultrasonicator(Sonics, Germany) 

Chemicals/Reagents 

a) Phosphatidylcholine (PC) – Lipid (Sigma Aldrich) 

b) 𝛽-1,3-glucan (Paramylon) – Pure (Sigma Aldrich) 

c) Euglena gracilis powder extract (CN Lab Nutrition, Asian group) 

d) Dimethylsulfoxide (Sigma Aldrich) 

e) Methanol (Sigma Aldrich) 

f) Chloroform (Sigma Aldrich) 

Method details 

Background 

Nanophytosome (NP) technology is a kind of nanocarrier for drug delivery mechanisms to improve the bioavailability of 

phytochemical-derived nutraceuticals in food and pharmaceutical industries [1] . It is an herb/plant based vesicular delivery sys- 

tem that is more easily absorbed by the biological system than traditional extracts [2] . Traditional herbal medicines used for various

medicinal purposes result in poor bioactivity, lipid solubility and incorrect molecular size, resulting in poor absorption and bioavail-

ability. Therefore, a novel drug delivery system is in high demand compared to conventional herbal medicine, which paved the way

for the emerging field of nanotechnology. As a rapidly evolving class of nanovesicles, NPs have received significant attention for

phytochemical delivery [3] . The compatible molecular structures of NPs are formulated by incorporating the phytoactive compounds 

with phospholipids, especially phosphatidylcholine (PC). The structural composition of PC is similar to the cell membrane compo- 

sition, which is later used as a potential vehicle in NP preparation due to its dual solubility and carrier properties. Some examples

include quercetin phytosomes, which enhance the delivery of doxorubicin, a chemotherapy drug, to cells with increased permeability 

in the MCF-7 breast cancer cell line [4] . Silybin phytosome showed improved bioavailability when administered orally at 2,520 g

daily in three divided doses to prostate cancer patients [5] . Likewise, the curcumin-phytosome complex was used as a complementary

therapy for pancreatic cancer in the phase II study and proved that the active ingredient complex increased effectiveness [6] . Rutin

NPs were developed to treat diabetic patients with high therapeutic efficiency and improve the bioavailability of rutin [7] . There are

so many examples that show its therapeutic effect in several serious diseases. 

Preparative steps play a crucial role in the development of novel drug delivery systems for therapeutic purposes, particularly in

cancer treatment. On the other hand, size, average mean diameter and composition are essential characteristics and are modified

for different applications, leading to numerous NP synthesis methods. Various methods such as solvent evaporation [8 , 9] , thin film

hydration [10] , antisolvent precipitation method [11] , co-solvent and salting out [12] have been used to prepare NPs. 

In the current method, we used Euglena gracilis Z (EG), a unicellular photosynthesizing freshwater alga, which has a reserve of

numerous vitamins and minerals with great industrial, commercial and biological applications [13] . EG consists of 80 % paramy-

lon, an insoluble 𝛽-1,3-glucan (BG) [14] , which is known for various medical applications in humans and improves immunological

functions such as the treatment and prevention of infectious, oncological and viral diseases [15] . Aqueous extracts of EG exhibit

potent antioxidant, pro- and anti-inflammatory innate responses and have been shown to be effective against lung carcinoma through 

apoptosis induction in mice [16 , 17] . Nevertheless, the high molecular weight of BG limits its ability to exert multiple anticancer

mechanisms. Therefore, we described the synthesis of BG and EG-NP preparation in the current method by refluxing them with PC at

a stoichiometric ratio (1:1) using a solvent evaporation method with different duration and temperature standardization. Measure- 

ment methods for nanomaterials are a rapidly growing topic, including effective physical and chemical characterization methods. It 

defines the type of connection through entrapment mechanisms and impurities on the surface of newly prepared NPs, which can be

analyzed and characterized using various techniques. Therefore, in the current method article, we standardized BG and EG NPs by

solvent evaporation technique and validated them for size and stability of NPs by dynamic light scattering (DLS), stability of NPs

by zeta potential, chemical nature by Fourier transform infrared (FTIR), structure by X-ray diffraction (XRD), surface modification 

by scanning electron microscopy (SEM), and internal structure encapsulation by high-resolution transmission electron microscopy 

(HRTEM) techniques and encapsulation efficiency by means of UV-visible spectrophotometer. The aim of the study was to break

down the high molecular weight of BG into smaller strands and incorporate them into PC to improve their encapsulation efficiency.
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Fig. 1. A pictographic representation of the steps involved in synthesis of BG-PC nanophytosomes. 

Table 1 

Different heating temperatures and times for 𝛽-1,3-glucan nanophy- 

tosome (BG-PC) synthesis. 

Temperature BG heating (BG-PC1) BG-PC heating (BG-PC2) 

37 °C 4 h 4 h 

60 °C 3 h 3 h 

95 °C 2 h 2 h 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Similarly, EG extract was also further developed into NP to ensure better bioavailability and stability. Given the potential advantages

of BG and EG, the improved formulation of BG-PC and EG-PC may open new avenues in drug delivery systems. 

Novelty of the study 

NPs are novel lipid vesicles designed to improve the delivery of herbal extracts. The novelty here is the application of NPs to

encapsulate 𝛽-1,3-glucan (BG) and Euglena gracilis (EG) extract, potentially improving its bioavailability and efficacy of these natural 

ingredients. This is particularly relevant as traditional drug delivery systems may not be as efficient at delivering natural ingredients,

insoluble large molecules such as the complex triple helix structure of BG. The study focuses on BG and EG extracts because BG

has a complex triple helical structure that limits its bioavailability of poor solubility and BG is one of the vital components of EG.

By breaking down the triple helix into single strands and incorporating them into PC, an NP-vesicular system is developed for drug

delivery mechanisms in biological systems with various time and temperatures. The unique aspect lies in harnessing the potential

of EG, a freshwater alga rich in BG (Paramylon) for biomedical applications. Previous research studies have focused less on the

application of BG and EG in drug delivery systems for cancer treatment. Therefore, our study focuses on the development of potential

BG and EG NPs for advanced drug carriers and shall have broader applications in pharmaceutical and biotechnological fields. 

Methodology for synthesis of nanophytosomes 

Synthesis of 𝛽-1,3-glucan derived nanophytosomes 

Materials required 

Phosphatidylcholine (PC): 6 mg/mL in chloroform 

𝛽-1,3-glucan (BG): 4 mg/mL in DMSO 

1. Standardization of 𝜷-1,3-glucan nanophytosomes 

A 6 mg/mL stock solution of PC was prepared in chloroform and a 4 mg/mL stock solution of BG was dissolved in DMSO. The

𝛽-1,3-glucan nanophytosome (BG-PC) was developed in a ratio of 3:2 based on the weight of PC and BG. The triple helical

nature of BG can be broken down into single strands by heating in a strong base like NaOH or solvents such as DMSO. Heating

plays an important role in unwinding the triple helix into single strands, which helps in the preparation of nanomaterials to

reduce the size of the molecule [18] . Therefore, two heating methods were used to resolve the triple helical nature of BG. 

(A) BG-PC1 mixture preparation 

The BG was heated for different durations and temperatures: 37 °C for 4 h, 60 °C for 3 h, and 95 °C for 2 h ( Fig. 1 , Table 1 ). After

heating, the BG was added to PC in an Erlenmeyer flask (BG-PC1) in a volume ratio of 1:1 and stirred overnight. 
3 
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(B) BG-PC2 mixture preparation 

The other method involved adding BG to PC at 1:1 ratio without heating BG, and the prepared BG-PC2 mixture was subjected

to heating with different duration and temperature, 37 °C for 4 h, 60 °C for 3 h and 95 °C for 2 h. The different heating

temperatures affect the concentration of the nanomaterial in mass to density and viscosity ratio, which mainly affects the size

of the nanoparticles [19] . These two different heating methods explain how the dissolution of BG occurs and how it enhances

the hydrogen bonding interaction with phospholipid (PC) to improve bioavailability. The pH was determined after heating the 

BG and BG-PC mixtures and was 7.0 for both heating methods. After stirring overnight, the solvent was evaporated using a

nitrogen gas purge to ensure that any residual solvent remaining in the NP preparation was removed [20] . 

The BG-PCs obtained at different temperatures and times were analyzed by DLS for the size of the different BG-PCs obtained. Size

was used as an initial parameter for standardization of NP synthesis. 

2. Synthesis of BG-PC by Solvent evaporation method 

Procedure 

I. 6 mg/mL of PC stock solution was dissolved in chloroform. 

II. 4 mg/mL of BG was dissolved in DMSO and heated at 60 °C for 3 h. 

III. Both BG and PC were added to an Erlenmeyer flask in a ratio of given 1:1 for magnetic stirring at 350 rpm and synthesized

overnight. 

IV. The prepared mixture was transferred to a 50 mL tube for ultrasonication. 

V. Ultrasonication was carried out for 5 min at 40 % amplitude and a pulse of 5 sec carried out under heat-free conditions by

placing in ice. 

VI. BG-PC mixtures were concentrated for 3 h in a rotary evaporator at controlled temperatures and times. First, the mixture was

concentrated at 60 °C for 1 h and then at 45 °C for 2 h [19] . 

VII. The concentrated BG-PC mixture was stored at -80 °C for 4 h and lyophilized at a pressure of 40 mbar at -40 °C for 8 h to

obtain BG-PC in powder form. The powdered BG-PC was stored at 4 °C for future experiments. 

3. Synthesis of Euglena gracilis derived nanophytosomes 

Materials required 

Phosphatidylcholine (PC): 1 mg/mL chloroform 

Euglena gracilis extract (EG): 1 mg/mL methanol 

The EG extract includes BG, wax esters, lipids and other vitamins and minerals, with the amount of BG in Euglena accounting

for 40–60 % of the total weight. The Euglena NP (EG-PC) mixture was prepared in a 1:1 ratio. The EG extract was processed by

centrifugation to remove residual contents of the extract. 

Procedure 

Process of Euglena extract 

i. 20 mL methanol was used to dissolve 100 mg of Euglena extract powder. 

ii. The extract was centrifuged at 11,000 rpm for 30 min at 40 °C and the supernatant was collected. 

iii. 20 mL of fresh methanol was added to the pellet, stirred well and centrifuged as mentioned in step 2. 

iv. The second lot supernatant was found to be pale and the two supernatants were mixed and used for the synthesis of EG

nanophytosomes. 

Euglena gracilis Nanophytosome (EG-PC) synthesis 

i. 1 mg/mL PC stock solution was dissolved in chloroform. 

ii. EG extract and PC solution were added to the Erlenmeyer flask in a 1:1 ratio and stirred magnetically at 350 rpm overnight. 

iii. The EG-PC mixture was sonicated in a 50 mL tube for 5 min at 40 % amplitude and a 5 sec pulse in a beaker kept on ice. 

iv. The EG-PC mixture was concentrated in a rotary evaporator at 60 °C for 1 h, stored at -80 °C for 4 h, and lyophilized at a

pressure of 40 mbar at -40 °C for 3 h to produce EG-PC in powder form. The powdered EG-PC was stored at 4 °C for future

experiments ( Fig. 2 ). 

4. Characterisation of Nanophytosomes methodology 

(a) Dynamic Light scattering (DLS) and Zeta potential 

The size of the NPs synthesized was measured by DLS on a Malvern NanoS (Malvern Instruments Ltd., UK) with light scattering

at an angle of 173° at 25 °C. Zeta potential light scattering measurements were assessed on Beckman Coulter Delsa TM Nano, to

determine the charge on the NPs, indicating stability. The NP mixture of BG-PC and EG-PC was diluted with water at a ratio of

1:10 as per the measurement requirements and was sonicated for 30 min. The NPs were filtered and the measurements were

perfomed thrice. 
4 
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Fig. 2. A pictographic representation of the steps involved in synthesis of EG-PC nanophytosomes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) Fourier Transform Infra-red (FTIR) 

FTIR was performed on the prepared NPs to determine the chemical groups. BG, EG, BG-NPs and EG-NPs were examined for the

interaction of BG and EG with the PC compound. To determine the spectra of the compounds, the samples were mixed with

potassium bromide (KBr) powder (1:1) in a mortar and pestle. The 4000–400 cm 

− 1 transmission spectral scan was used to

characterize the NP of BG and EG. 

(c) X-Ray Diffraction (XRD) 

The structural ion characterization of BG, EG, BG-NPs, and EG-NPs were carried out using an X-ray diffractometer (Bruker D8

Focus, Germany). The pattern was recorded using an X-ray machine equipped with a Cu-K 𝛼 radiation source. The experiment 

was carried out at room temperature according to the Braggs-Brentano geometry with a scattering range m(2 𝜃) of ranging

from 5 o to 80 o at a scanning rate of 0.02 o / min. The peaks were analyzed using origin Pro software. 

(d) Scanning electron microscopy (SEM) 

The surface characterization of BG, EG, BG-NPs, and EG-NPs were visualized on SEM (VEGA3 TESCAN) at an accelerating voltage

of 20 kV with magnifications ranging from 100 nm- 10 μm. PC and BG were added to the grid in powder form, while a

dilute suspension of EG, BG-PC and EG-PC was also added. After loading, the grids were air-dried. All samples underwent

plasma sputtering (0.1 to 0.05 mbar) before viewing. The BG-PC and EG-PC NPs were analyzed using a FE-SEM (JEOL) at an

accelerating voltage of 20kV and a magnification of 80,000X at a scale of 100 nm. 

(e) High-ResolutionTransmission electron microscopy (HRTEM) 

The NPs BG-PC and EG-PC were characterized using HRTEM (FEI Tecnai G2). The suspension of freshly produced NPs was diluted

in ethanol at a ratio of 1:5 and sonicated for five min before the samples were tested. Before testing, the samples were laid

out on a carbon-coated copper grid. The samples were then visualized in HRTEM at various magnifications in the range of

50–200 nm. 

5. Encapsulation efficiency % 

The amount of drug encapsulated/entrapped in the vesicle is indicated by the percent drug encapsulation. The encapsulated active

ingredient (in the carrier) and the free active ingredient are separated as a first step in testing encapsulation effectiveness.

The synthesized NPs prepared were measured spectrophotometrically before and after centrifugation. The centrifugation of 

NPs, BG-PC and EG-PC were done at 11,000 rpm at 4 °C for 60 min. The supernatant containing free drug was measured

spectrophotometrically at A290 nm. The percentage Encapsulation efficiency (%EE) was calculated using the formula 

% Encapsulation efficiency 

( % EE ) 
= 

W Added drug − W Free drug 

W Added drug 

× 100 

W Added drug is the amount of drug added during the preparation of NPs 

W Free drug is the free drug obtained in the supernatant after centrifugation. 

Method validation 

1. (A) Particle size analysis of NPs by DLS 

The size of the material is crucial for all prepared nanomaterials to enable the transport of the drugs to the desired target. The

presence of PC in the NP helps to maintain structural stability and drug release in the correct ratio. The molecular weight of BG
5 
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Fig. 3. Shows the size distribution of BG and EG-derived NPs. Fig. 3 a), b) and c) represents only the heating of BG at 37 °C for 4 h; 60 °C for 3 h; 

90 °C for 2 h of the prepared BG-PC NP. Fig. 3 d), e) and f) represents heating the prepared BG-PC NP at 37 °C for 4 h; 60 °C for 3 h; 90 °C for 2 h 

without heating BG. Fig. 3 g) represents EG-PC NP without heating. 

Table 2 

Distribution of sizes of the prepared NPs at different temperatures. 

37 0 C 60 0 C 95 0 C 

BG-PC1 234 nm 134.62 nm 190.96 nm 

BG-PC2 386.69 nm 186.3 nm 301.71 nm 

No heating 

EG-PC 158.38 nm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

is about 500 kDa with a triple helical structure. To break them into individual strands, it was dissolved in DMSO and heated

to different temperatures, making them fully soluble. Heating BG at different temperatures was performed to break down the 

triple helix structure into individual strands and preserve its active biological property [17] . The release of individual strands

facilitates the synthesis of NP and helps in the efficient entrapment of the drug into PC. From Fig. 3 a), the size of BG-PC1

where the BG was heated at 37 °C for 4 h was 234 nm, 3b) 60 °C for 3 h was 134.62 nm, 3c) 95 °C for 2 h, was 190.96 nm. This

results in a broad size distribution in Fig. 3 b) with an average size of less than 150 nm, which makes it optimal to carry out

further experiments. From Fig. 3 d), the size of BG-PC2 in which the prepared NP was heated at 37 °C for 4 h was 386.69 nm,

in Fig. 3 e) the size was heated at 60 °C for 3 h and was 186.3 nm, and in Fig. 3 f) was heated at 95 °C for 2 h, 301.71 nm

( Table 2 ). Thus, the optimal size of BG-PC was achieved at 60 °C for 3 h. It was notable that heating the NP mixture to high

temperatures was not helpful in fabricating interactive active sites of PC. However, the BG heated to different temperatures 

shows an optimal size range with proven interactive active sites. 

Fig. 3 g) represents the EG-PC NP complex with the size 158.38 nm. EG was not heated because the essential component of EG is

BG. Based on several studies on NP extracts, a standard temperature of 60 °C was used for the solvent evaporation technique

and therefore no heating was used for EG-PC synthesis for initial standardization. 

(B) Stability of NPs by Zeta Potential 

The zeta potential is an essential factor for the stability of colloidal dispersions . The charge of the NPs greater than ± 30 mV

determines the stability of NPs in the phospholipid formulation [21] . From the DLS results, the obtained BG-PC and EG-PC

NPs obtained were analyzed for zeta potential. The zeta potential of the prepared NPs BG-PC was 8.28 mV ( Fig. 4 a) and for

EG-PC it was -30.38 mV ( Fig. 4 b). The values obtained show the colloidal stability of the prepared NPs. The BG structure

has OH groups at the terminal group, which are likely to carry a negative charge when interacting with solvents. It is likely

that PC carries both positively charged (choline) and negatively charged (phosphate and carbonyl) groups. Thus, when BG 

interacts with PC, the positive charge is preserved on the surface of BG-PC. The case of EG, which is composed of BG and a
6 
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Fig. 4. Represents zeta potential of prepared NPs a) BG-PC b) EG-PC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mixture of wax esters, lipids and other components, produces a negative charge on the EG-PC surface when interacting with

PC, describing the different interaction abilities of both NPs. 

2. Fourier Transform Infra-red (FTIR) 

The FTIR spectrum analysis was performed for PC, BG, BG-PC, EG, and EG-PC, as shown in Fig. 5 . The PC shows characteristic

peaks at 3381.2 cm 

− 1 (O-H band stretching), 2925.1 cm 

− 1 (choline group) and 1234.5 cm 

− 1 (phosphate head groups) [22] ,

which are also found in NP- Structures of BG-PC were observed and EG-PC with changes in peak intensity, making them the

characteristic feature of NP. The –OH stretching vibration is one of the essential areas for molecular interaction. The broader

O-H peaks were observed in BG (3432.7 cm 

− 1 ), representing the acidic group (-COO), while the similar peak was narrow in

BG-PC, showing the O-H bonding interaction of BG with PC. This is possibly due to the high molecular weight of BG, which

is released into individual strands upon heating and becomes more available for interaction with PC. At the same time, no

difference in O–H bond stretch was observed in EG (3401.5 cm 

− 1 ) and EG-PC (3387.6 cm 

− 1 ). 

The presence of the sugar group shows the characteristic feature of BG as it acts as a polysaccharide. The sugar ring group (C-O-C)

in BG was found at a broader peak of 1056.6 cm 

− 1 , and the peak at 888.8 cm 

− 1 shows the absorption peak of -glycosidic bond.

A similar peak with sharp intensity was observed in BG-PC at 1077.7 cm 

− 1 , and the absence of -glycosidic bond absorption in

BG-PC contributed to further characteristic peaks at 1461.2 and 1375.5 cm 

− 1 , which attributed to the stretching vibration of

–COO, C–C, and the symmetric stretching of C–H. A similar broader set of sugar groups was also found in EG at 1053.1 cm 

− 1 ,

confirming the presence of BGs in EG. Meanwhile, the similar intense peak in EG-PC at 1069.6 cm 

− 1 indicates the structural

change of EG upon interaction with PC. The C-H stretching bands of the alkanes CH 3 and CH 2 lies between 3000 and 2800 cm 

− 1 .

The band in PC (2925.1 cm 

− 1 ) was clearly visible in BG-PC and EG-PC, while it was absent in BG and EG and had less intense

peaks, indicating the interaction of the C-H bond in PC with BG and EC points out. The phosphate group (1234.5 cm 

-1 ) present

in the polar head of PC was also found in BG-PC (1233.9 cm 

− 1 ) and EG-PC (1234.9 cm 

− 1 ) with lower intensity, indicating the

interaction of the Phosphate bond with the explains surrounding molecules [23] . Thus, the peak variation observed at different

wavelengths in BG-PC and EG-PC shows the characteristic feature of NP formation. The formation and change of additional

peaks in BG-PC and EG-PC indicates the H-bonding and electrostatic interaction of BG and EG with PC. 

3. X-ray diffraction (XRD) 

The addition of PC disrupts the crystallinity of BG, whereby a broad amorphous halo is observed between the two positions

20.72 o and 41.04 o . The loss of crystallinity is attributed to the dominance of choline and the other surfactants belonging to

the phospholipid. The choline and surfactants bind easily to the BG (polysaccharide) and carbohydrate structures. Thus, the 

choline, the hydrophobic tail, inhibits the crystallization process, resulting in the amorphous form. Similarly, the XRD patterns 

obtained for EG-PC show the nature of the sample in an amorphous phase. From the diffraction pattern, it can be seen that

the prepared samples retain the characteristic peaks of PC and EG, with the broad amorphous peak at position 2, 19.27 o , and

the small amorphous halo between positions 2, 32.53 o and 42.07 o . Since both PC and EG contain choline, surfactants, which

belong to the phospholipids, form a homogeneous structure. The XRD spectrum correlates significantly with the FTIR analysis 

of the derived NPs compared to non-derived ones. The stacked diffraction patterns of the prepared NPs (BG-PC and EG-PC)

only exhibit an amorphous nature ( Fig. 6 ). 

4. Surface structural analysis by Scanning Electron Microscopy (SEM) 

The surface morphology of NPs was analyzed by SEM. Fig. 7 illustrates the surface morphology of PC, which shows a big clump

molecule aggregated due to its sticky nature; meanwhile, BG shows a distinct rod-like structure, whereas BG-PC forms a

spherical molecule. In the case of EG, the extract shows small, round-like bodies, while EG-PC shows protruding spherical 

vesicles. Field emission SEM (FESEM) analysis was also performed on NPs BG-PC ( Fig. 7 f) and EG-PC ( Fig. 7 g), which shows

the magnified image of NPs at 80,000X magnification with even distribution in spherical shape at the range of 100nm. The
7 
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Fig. 5. Represents FTIR spectra peaks of a) Phosphatidylcholine (PC) – Lipid, b) 𝛽-1,3 glucan (BG)- Polysaccharide, c) 𝛽-1,3 glucan nanophytosome 

(BG-PC), d) Euglena gracilis extract (EG) e) Euglena gracilis extract nanophytosome (EG-PC). 

 

 

 

 

above analysis shows how the incorporation of PC played an essential role in changing the morphology of both BG-PC and

EG-PC, which signifies the shape and synthesis of NPs. 

5. Inner structural analysis of NPs by HRTEM 

The HRTEM analysis was performed to investigate the internal morphology, shape and size of the obtained NPs. Upon collision,

the PCs exhibit a lumpy texture ( Fig. 8 a). In contrast, BG-PC shows distinct spherical-shaped NPs at 200 and 100 nm ( Fig. 8 b).

Similarly, EG-PC formed several small spherical-shaped NPs at 200 and 100 nm ( Fig. 8 c). It was found that few of them collided
8 
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Fig. 6. Comparison of X-ray diffraction peaks of a) Phosphatidylcholine (PC), b) 𝛽-1,3 glucan (BG), c) Euglena gracilis extract (EG), d) 𝛽-1,3 glucan 

nanophytosome (BG-PC) and e) Euglena gracilis nanophytosome (EG-PC). 

Fig. 7. presents scanning electron microscope (SEM) images of a) phosphatidylcholine (PC) - lipid, b) 𝛽-1,3 glucan (BG) - pure compound, c) 𝛽-1,3 

glucan nanophytosome (BG-PC), d) Euglena gracilis extract (EG), and e) Euglena gracilis nanophytosome (EG-PC) at different scales of 2.5 and 10 m. 

f) and g) represents the enlarged image of BG-PC and EG-PC, respectively, with a magnification of 80,000X and a scale of 100 nm, with uniformly 

distributed spherical NPs with a statistic of n = 3. 

 

 

 

 

with each other, which might be due to wide distribution of NPs and formation of aggregates. Thus, BG-PC was found to have

a more distinct in shape than EG-PC. 

6. Encapsulation efficiency (EE) of NPs 

The encapsulation/entrapment efficiency of NPs depends on drug solubility and bonding interaction of PC, which leads to matrix

formation. The higher EE % is used as a significant parameter to evaluate the success of drug delivery systems. In this study,

BG-PC and EG-PC showed EE % as 82 ± 1.62 % and 87 ± 3.22 % respectively. The EE % of the developed NPs offer higher
9 
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Fig. 8. Presents high resolution transmission electron microscopy (HRTEM) images of a) Phosphatidylcholine (PC) - lipid, b) 𝛽-1,3 glucan nanophy- 

tosome (BG-PC), c) Euglena gracilis nanophytosome (EG-PC) at various scales of 200 and 100 nm with n = 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

encapsulation of both NPs; however, EG-PC showed higher EE % than BG-PC. A higher EE % also showed better bioavailability

of the prepared NPs, which could deliver its potential efficiency when incorporated into biological systems [24] . 

Discussion 

Phytocompounds have come a long way over the years in exhibiting tremendous potential in several diseases. However, there 

are a few constraints which limits their ability to completely explore its biological activity. The use of nanocarrier has been very

essential in addressing these drawbacks by developing different forms of these compounds into a carrier molecule which supports 

their structure, stability, absorption, solubility and bioavailability. One among them is, nanophytosomes which is a lipid carrier 

drug delivery mechanism by embedding the phytoconstituents into the head of the phospholipid such as phosphatidylcholine [25] . 

Standardization plays a significant role in obtaining the optimum size and surface morphology to define drug delivery mechanisms. 

According to recorded case studies, the methodologies used to measure nanoparticles based on their size, shape, chemical composition,

thermal conductivity, etc., have emerged as powerful analytical techniques defining nanomaterials’ nature. The standardization 

will ensure the quality and development of next-generation nanomaterials for applications in several diseases like cancer and gene

therapies [26] . Studies have also reported the efficacy and safety of using lipid-based nanoformulations in developing SARS-CoV-2

vaccines [27 , 28] . 

In the current study, algal extracts of EG and its major component BG was developed into NPs as they have potential health

benefits. The optimization of developing these NPs was performed using solvent evaporation method with varying durations and 

temperatures. From which, 60 °C for 3 h was found to be optimum for BG-PC with size of 134.62 nm, while for EG-PC it was optimum

without heating at the size of 158.38 nm. The achieved size by DLS was the critical initial factor for optimization, as size plays a major

role in developing NPs. The zeta potential activity showed the BG-PC and EG-PC to be 8.28 and -30.38 mV respectively, which was

found to enhance the stability of the obtained NPs. The chemical profile and interactions of BG-PC and EG-PC were compared to that

of PC, BG and EG which exhibited distinct changes in the peak exhibiting various intermolecular interactions. The structural analysis

of NPs by XRD exhibited the change of crystalline BG to amorphous BG-PC and significant peak changes in EG-PC also contributed

to the NP formation. The size and surface chemistry are essential for synthesizing nanomaterials for drug absorption bioavailability,

and the nano-size range is efficient in crossing permeability barriers [29] . The surface morphology analysis by SEM and FE-SEM

revealed changes in the BG-PC and EG-PC structure when compared to the non-derived ones. The FE-SEM showed small, spherical

arranged NPs with even distribution. The TEM analysis helps in understanding the internal environment and drug entrapment to the

PC in developing the matrix [30] . The BG-PC and EG-PC exhibited spherical distinct vesicles at scale of 100 nm. The entrapment

efficiency of the NPs, BG-PC and EG-PC were found to be 82 ± 1.62 and 87 ± 3.22 % respectively which is considered optimum for
10 
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enhancing bioavailability [31] . With all optimization the NPs represent prominent physical and chemical characterizations, however, 

few limitations of the study include analyzing the in vitro drug release profile of NPs which is essential to study the release profile

over time duration which plays pivotal role in biological system. Studies have reported issues with stability of NPs over long term

storage which could affect its efficacy and toxicity [26 , 32] . 

Phytosomes are viewed as highly effective nano-sized carriers for delivering substances, but transitioning from product develop- 

ment to successful commercialization is a complex journey [33] . Despite their numerous benefits, only a few phytosomal products

have made it to the market. Once formulated effectively, one major hurdle in bringing NPs to market is ensuring their safety. For-

tunately, NPs have structurally neutral properties, making their introduction into the human body generally safe without concerns 

about adverse reactions or immunological responses [34] . However, given their small size, it’s essential to assess various factors like

bioaccumulation, biocompatibility, metabolism, and excretion before marketing them [35] . Large-scale production of NPs presents 

another challenge. During scaling up, it’s crucial to maintain the product’s characteristics, especially for pH-sensitive NPs, which 

have low physicochemical stability, posing challenges in industrial production [3] . Phytosome formulations should undergo long- 

term stability testing under various storage conditions to ensure their viability and efficacy over time. Accelerated stability testing

can help predict the shelf life of the product with strict limitations [36] . However, with their increased popularity over the years

due to their biocompatibility, affordability, and safety, which has added to their rapid commercialization and manufacturing process, 

several pharmaceutics industries have also explored the advantages and biocompatibility of these NP formulations. 

Thus, in this study, the BG- and EG- NPs optimization helped in minimizing changes in vesicle size, and aggregation by preserving

the integrity of the encapsulated NPs. The NPs prepared with an integral part of the membrane anchoring the molecules through

chemical bonds to the polar head of the phospholipid will serve as an advanced delivery system to produce desired molecular complex

with improved absorption and bioavailability of phytoconstituents in Euglena gracilis and further research on exploring its biological 

activities can be of potential benefit in several diseases including cancer . 

Conclusion 

In the current study, the solvent evaporation technique was used to investigate the effect of formulation variables of 𝛽-1,3-

glucan and Euglena gracilis extract on the physicochemical properties of the synthesized NPs. Thin-film hydration and lyophilization 

techniques were successfully used to prepare the NPs, and their size and surface properties were systematically optimized. We char-

acterized the optimized NP formulation using nanoscale ISO limits of PDI, enhanced surface charge, amorphous nature, simplified 

structure, and reasonable entrapment efficiency without losing the effective composition. The researchers found that phospholipids 

were essential for improving the absorption, bioavailability and solubility of phytocompounds in NPs with poorly soluble phyto- 

compounds, which was found to be evident from our study. In this work, the relevance of using lipids in the production of NP, a

nano-based medical formulation, was highlighted. Nevertheless, further research is needed to confirm the use of drug delivery in

biological systems with long-term stability of viability and efficacy over time. 
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