Dizhen Dizhi Journal ( ISSN:0253-4967)

Title:

Development and Evaluation of Curcumin Phytosomes Using Sunflower
Lecithin via Rotary Evaporation: A Strategy to Enhance Bioavailability.

KHOPADE NIKHIL MARUTI", KAKASAHEB J. KORE?, SUCHETA DILIP
BHISE’, MADHURI S KESKAR? & RAJKUMAR V. SHETE’

'Rajgad Dnyanpeeth’s College of Pharmacy Bhor, Savitribai Phule Pune
University,Pune, Maharashtra,

’Department of pharmaceutics.Rajgad Dnyanpeeth’s College of Pharmacy
Bhor,Pune

SDepartment of Pharmacology. Rajgad Dnyanpeeth’s College of Pharmacy,
Bhor, Pune 412206. India.

Abstract

Curcumin, a bioactive polyphenol with demonstrated antioxidant, anti-
inflammatory, and anticancer properties, faces significant clinical limitations
due to poor aqueous solubility (<1 pg/mL) and low oral bioavailability (<1%).
This study developed curcumin phytosomes using sunflower lecithin and the
rotary evaporation method to address these challenges. The optimized
formulation (curcumin:lecithin molar ratio 1:5) exhibited a high entrapment
efficiency (84.69 £ 0.51%), yield (88.12 £ 2.5%), and particle size (356.48 £ 3.7
nm) with a zeta potential of -45.22 mV, indicating colloidal stability. In vitro
release studies demonstrated sustained drug release (90.1% over 12 hours),
following the Korsmeyer-Peppas model. Stability tests under refrigerated
conditions (4°C) retained >83% drug content for 3 months. These results
validate rotary evaporation as a scalable method for producing sunflower
lecithin-based phytosomes, offering a promising solution to enhance curcumin’s
therapeutic potential.

Keywords: Curcumin, phytosomes, sunflower lecithin, rotary evaporation,
bioavailability.

1. Introduction

Curcumin, the principal curcuminoid in turmeric (Curcuma longa), has garnered
attention for its broad-spectrum pharmacological activities, including
anticancer, anti-inflammatory, and neuroprotective effects. Despite its
therapeutic promise, curcumin’s clinical utility is hindered by poor solubility,
rapid metabolism, and low bioavailability. Conventional formulations often fail

Volume 17, Issue 10, October/2025 106



Dizhen Dizhi Journal ( ISSN:0253-4967)

to achieve therapeutic plasma concentrations, necessitating advanced delivery
systems.(1-3)

Phytosomes, phospholipid-based nanocarriers, improve the bioavailability of
hydrophobic compounds by forming lipid-compatible complexes. While soy
lecithin is traditionally used, sunflower lecithin offers advantages such as
allergen-free composition, higher phosphatidylcholine content (>70%), and
oxidative stability. This study employs rotary evaporation-a solvent-free,
scalable technique-to develop curcumin phytosomes, addressing gaps in
existing methodologies.(3-5)

2. Materials and Methods
2.1 Materials

Curcumin (>95% purity, Sahydri Natural & phytochemist , India) and sunflower
lecithin (phosphatidylcholine content >70%, Intare direct trading company
Naturals, India ) were used as the primary components. Ethanol (HPLC grade,
Merck, Germany) and dichloromethane (analytical grade, Fisher Scientific,
India) served as solvents for dissolving the drug and lipid. Phosphate buffer
saline (PBS, pH 6.8) was prepared using sodium phosphate dibasic (NazHPO4)
and potassium phosphate monobasic (KH2PO.) (Sigma-Aldrich, India ).
Ultrapure water (Milli-Q Advantage A10, Millipore, India) was used for
hydration and dilution.(6)

2.2 Preparation of Curcumin Phytosomes

The phytosomes were prepared using a rotary evaporation method adapted from
with modifications for sunflower lecithin. Curcumin and sunflower lecithin
were weighed in molar ratios ranging from 1:1 to 1:5 and dissolved in a 3:1
(v/v) ethanol-dichloromethane solvent system. The mixture was stirred
magnetically at 500 rpm and 40°C for 30 minutes to ensure complete

dissolution. The homogeneous solution was transferred to a rotary evaporator
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(Buchi Rotavapor R-300, Switzerland) and evaporated under reduced pressure
(200 mbar) at 60°C with a rotation speed of 100 rpm for 20-30 minutes,
forming a thin lipid-drug film on the flask walls. (7) The film was hydrated with
10 mL of PBS (pH 6.8) at 60°C for 1 hour to facilitate vesicle formation. The
resultant dispersion was probe-sonicated (Sonics Vibra-Cell VCX 750, USA) at
60% amplitude for 5 cycles (30 seconds pulse-on, 10 seconds pulse-off) to
reduce particle size and improve homogeneity. Unentrapped curcumin was
removed via centrifugation (Eppendorf Centrifuge 5804R, Germany) at 10,000
rpm and 4°C for 30 minutes. The supernatant containing phytosomes was
collected and stored at 4°C in amber glass vials to prevent light-induced

degradation.
2.3 Optimization Using Experimental Design

A Central Composite Design (CCD) was employed to optimize the formulation
parameters, as described by Gnananath et al. (2017). Three independent
variables were selected: drug-to-lecithin molar ratio (1:1-1:5), evaporation
temperature (50-70°C), and sonication time (5—15 minutes). The dependent
variables included entrapment efficiency (EE%), particle size, and zeta
potential. Design-Expert® software (Version 12, Stat-Ease Inc., USA) generated
20 experimental runs, and triplicate batches of the optimized formulation were
prepared to validate the model. Statistical analysis via ANOVA (p < 0.05)

identified significant factors affecting the responses(9).

Table 1: Composition of Curcumin Phytosome Formulations

Formulation | Curcumin | Sunflower | Drug:Lecithin | Solvent | Hydration

Code (mg) Lecithin Molar Ratio Volume | Volume
(mg) (mL) (mL)
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F1 100 100 1:1 20 10
F2 100 200 1:2 20 10
F3 100 300 1:3 20 10
F4 100 400 1:4 20 10
F5 100 500 1:5 20 10

2.4 Characterization of Phytosomes
Percentage Yield

The percentage yield was calculated using the formula:

L - —r

Yield (%) o Weight of phytosomes % 100.

~ Initial weight of (curcumin + lecithin)

Drug Content Determination:

The drug content of the phytosomal formulation was quantified using a
Shimadzu UV-1800 UV-Vis spectrophotometer, with measurements taken at
425 nm, which corresponds to the maximum absorbance (Amax) of curcumin.
To ensure accurate quantification, a calibration curve was constructed using
standard curcumin solutions in the concentration range of 0.5 to 10 ug/mL. The
calibration curve demonstrated excellent linearity, with a correlation coefficient
(R2R"2R2) of 0.9993, indicating reliable measurement across the tested range.
For analysis, an appropriate amount of the phytosomal sample was dissolved or
diluted in a suitable solvent, and the absorbance was measured. The drug

content was then calculated by interpolating the absorbance values against the
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calibration curve, typically expressed as a percentage of the total formulation

weight.(10)
Entrapment Efficiency Assessment:

Entrapment efficiency was evaluated by separating the unentrapped (free) drug
from the phytosomal dispersion. This was achieved by centrifuging the
dispersion at 10,000 rpm for 30 minutes, which allowed the phytosomes to
sediment while the free drug remained in the supernatant. The supernatant was
carefully collected and analyzed for free curcumin content using the same UV-
Vis spectrophotometric method at 425 nm. The entrapment efficiency was then

calculated using the formula:

EE (%) _ Total drug — Free drug % 100.

Total drug

Particle Size Analysis :

The hydrodynamic diameter and size distribution of nanoparticles were
measured using dynamic light scattering (DLS) on a Malvern Zetasizer Nano
7590. Samples were diluted 1:50 in phosphate-buffered saline (PBS) to ensure
optimal scattering intensity and avoid multiple scattering effects. The instrument
detects Brownian motion via a 633 nm laser, with scattered light analyzed at 90°
to calculate the diffusion coefficient, which is converted to particle size (0.3
nm-5 pm range) using the Stokes-Einstein equation. Three consecutive
measurements per sample ensured reproducibility, with results expressed as the

z-average diameter (intensity-weighted mean).(11)
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Polydispersity Index (PDI)

PDI, quantifying size distribution homogeneity, was derived from the
autocorrelation function’s second-order cumulant analysis during DLS
measurements. Values <0.1 indicate monodisperse populations, while >0.3
suggest broad size distributions. The instrument’s “Quality Factor” feature

validated measurement accuracy by assessing signal-to-noise ratios.(12)

Zeta Potential Determination

Surface charge was analyzed via electrophoretic light scattering (ELS) on the
same instrument. Diluted samples were loaded into disposable folded capillary
cells, and an electric field (4.8-23 V/cm) induced particle migration. The
Zetasizer’s M3-PALS technology measured electrophoretic mobility by phase
analysis of scattered light,(13) minimizing electroosmotic interference. Zeta

potential ({) was calculated using the Smoluchowski approximation:

B
(; =
E
where
u = mobility,

1M = Vviscosity,

¢ = dispersant permittivity .
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Fourier-Transform Infrared (FTIR) Spectroscopy

The FTIR analysis was conducted using a PerkinElmer Spectrum Two
spectrometer equipped with a diamond attenuated total reflectance (ATR)
accessory. Samples were scanned in the mid-infrared region (400-4000 cm™) at
a resolution of 4 cm™, with 128 scans averaged per measurement to enhance
signal-to-noise ratio. To avoid interference from crystallized medium
components, samples were resuspended in phosphate-buffered saline (PBS)
before analysis. Spectra were processed by subtracting PBS-specific bands (e.g.,
1084 cm™) and normalizing to the Amide I band (1650 cm™) to evaluate

protein-to-lipid ratios. Key absorption bands included:

o Lipids: Ester C=0O stretching at 1738 cm™, acyl chain vibrations at
2930/2852 cm™.

o Proteins: Amide I (C=0O stretching) at 1649 cm™ and Amide II (N-H
bending) at 1455 cm™.

o Nucleic acids: Phosphodiester backbone vibrations in the 900—1300 cm™

region].

Differential Scanning Calorimetry (DSC)

Thermal analysis was performed using a Mettler Toledo DSC 3+ system.
Samples (2-5 mg) were sealed in aluminum pans and heated from 25°C to
300°C at 10°C/min under a nitrogen purge (50 mL/min). The instrument’s FRS
6+ sensor provided a temperature accuracy of 0.2 K and detected enthalpy
changes related to phase transitions (e.g., melting, crystallization) and chemical
reactions. The nitrogen atmosphere prevented oxidative degradation during

heating. Data analysis focused on identifying shifts in glass transition
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temperatures (7v) and curing behavior, with heat flow values normalized to

sample mass for quantitative comparisons.(13)
2.5 In Vitro Drug Release Study

Drug release kinetics were evaluated using a dialysis bag method (MWCO 12
kDa, Sigma-Aldrich). Phytosomes equivalent to 10 mg curcumin were placed in
the bag, immersed in 200 mL PBS (pH 6.8, 1% Tween 80) at 37°C + 0.5°C, and
agitated at 100 rpm (Julabo SW22, Germany). Aliquots (2 mL) were withdrawn
at 0.5, 1, 2, 4, 6, 8, 12 hours, replaced with fresh buffer, and analyzed
spectrophotometrically. Release data were fitted to zero-order, first-order,

Higuchi, and Korsmeyer-Peppas models.
2.6 Stability Studies

Optimized phytosomes were stored under three conditions: refrigeration (4°C),
room temperature (25°C £ 2°C), and accelerated conditions (40°C + 2°C/75%
RH) for 3 months. Samples were analyzed monthly for changes in particle size,

PDI, EE%, and drug content.(14)
2.7 Statistical Analysis

Data were expressed as mean = SD (n=3). ANOVA and Tukey’s post-hoc test
(GraphPad Prism 9.0, USA) compared differences (p < 0.05).
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3. Results
3.1 Optimization of Phytosome Formulation

The Central Composite Design (CCD) identified the drug-to-lecithin molar
ratio and sonication time as critical factors influencing entrapment efficiency
(EE%) and particle size. As shown in Table 2, increasing the lecithin ratio from
1:1 to 1:5 improved EE% from 61.23% to 84.69%, while particle size decreased
from 399.71 nm to 356.48 nm. The optimized formulation (F5) achieved the
highest yield (88.12%) and drug content (84.69%) at a 1:5 molar ratio,
consistent with findings by Gnananath et al. (2017), who reported enhanced
drug loading with excess phospholipids.

3.2 Physicochemical Characterization
Particle Size

The optimized phytosomal formulation (F5) displayed a mean particle size of
356.48 + 3.7 nm with a polydispersity index (PDI) of 0.21 £+ 0.03, indicating a
relatively narrow and uniform particle size distribution. A low PDI value such
as this suggests that the formulation process produced phytosomes with
consistent and homogenous sizes, minimizing the risk of aggregation and
improving the overall quality of the suspension. Furthermore, the sub-400 nm
particle size is particularly advantageous, as previous studies have demonstrated
that nanoscale phytosomes in this size range tend to exhibit enhanced

bioavailability, likely due to their improved absorption and tissue penetration .
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Table 2: Particle Size of Curcumin Phytosome Formulations

Formulation Code Particle Size (nm)
F1 399.71

F2 385.25

F3 379.64

F4 363.83

F5 356.48

Zeta Potential

The zeta potential measurement for the optimized phytosomes (F5) was
determined to be -45.22 mV, indicating a strong negative surface charge. This
negative charge is primarily attributed to the presence of phosphate groups in
sunflower lecithin, which is a common component of phytosomal formulations.
The high magnitude of the zeta potential is a positive indicator of colloidal
stability, as it promotes electrostatic repulsion between particles, thereby
reducing the likelihood of aggregation and sedimentation . Generally, a zeta
potential value exceeding +30 mV is considered sufficient to ensure the long-
term stability of colloidal systems, and the value obtained for F5 suggests that

the formulation is well-suited for pharmaceutical applications.

Table 3 : Zeta Potential of Curcumin Phytosome Formulations

Formulation Code Zeta Potential (mV)
F1 -54.42
F2 -52.31
F3 -49.87
F4 -47.13
F5 -45.22
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Percentage Yield

The percentage yield reflects the efficiency of the phytosome preparation
process, calculated as the ratio of the practical yield to the theoretical yield. For
F1, the yield was 55.12 £+ 2.1%, indicating moderate recovery, likely due to
losses during steps like solvent evaporation or filtration. As the formulation
improved to F4 (78.90 £ 1.9%), the higher yield suggests optimized conditions,
such as better drug-phospholipid interactions or reduced processing losses. A
yield above 70% (as seen in F3 and F4) is generally considered acceptable for

nanocarrier systems.

Table 4 : Percentage Yield of Curcumin Phytosome Formulations

Formulation Code % Yield (Mean = SD)
F1 55.12+2.1

F2 62.34+1.8

F3 70.45+2.3

F4 7890+ 1.9

F5 88.12+£2.5

Drug Content

Drug content represents the proportion of curcumin successfully incorporated
into the phytosomes. F1 showed 68.23 + 1.5% drug content, which increased
progressively to 80.56 £ 1.9% in F4. This improvement indicates enhanced
compatibility between curcumin and the lipid matrix in later formulations.
Higher drug content ensures adequate therapeutic dosing and reduces the need
for larger administration volumes. The measurement was likely performed via

UV-Vis spectrophotometry using a pre-validated calibration curve.
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Table S : Drug Content of Curcumin Phytosome Formulations

Formulation Code Drug Content (%)
F1 68.23 £1.5
F2 70.12 £ 1.7
F3 7534 +2.1
F4 80.56 £ 1.9
F5 84.69 + 2.0

Entrapment Efficiency (EE)

Entrapment efficiency quantifies the percentage of curcumin encapsulated
within the phytosomes versus free drug. F1 achieved 61.23 + 0.12% EE, while
F4 reached 79.61 £ 0.41%, demonstrating improved drug-lipid binding. Higher
EE values (as in F4) minimize drug leakage, enhance stability, and ensure
sustained release. The method involved centrifuging the dispersion to separate

unentrapped drug, followed by supernatant analysis.

Table 6 : Entrapment Efficiency (EE) of Curcumin Phytosome

Formulations

Formulation Code Entrapment Efficiency (%)
F1 61.23+0.12

F2 67.45+0.23

F3 72.56 +£0.31

F4 79.61 £ 0.41

F5 84.69 +0.51
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FTIR Analysis

The FTIR spectra of the optimized phytosomal formulation (F5) revealed the
absence of characteristic curcumin peaks, such as the broad -OH stretching band
at 3510 cm™!, which is typically observed in pure curcumin. This disappearance
of drug-specific peaks indicates successful and complete entrapment of
curcumin within the lipid bilayer of the phytosomes (Supplementary Figure S1).
Additionally, the spectra showed dominant peaks corresponding to phospholipid
components (e.g., C=0 ester stretching at ~1738 cm™ and P=O vibrations at
~1240 cm™), confirming that the drug’s functional groups were masked by

interactions with the lipid matrix.
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DSC Analysis

DSC thermograms of the optimized formulation demonstrated a notable shift in
curcumin’s melting endotherm. Pure curcumin exhibited a sharp melting peak at
183°C, whereas the phytosomal formulation showed a depressed and broadened
peak at 176°C. This downward shift in melting temperature, coupled with
reduced enthalpy, suggests that curcumin exists in an amorphous state within
the phytosomes. The disruption of curcumin’s crystalline structure and its

molecular dispersion within the phospholipid matrix further validate successful

encapsulation and enhanced physical stability of the formulation.
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3.3 In Vitro Drug Release

The optimized phytosomes (F5) exhibited sustained release, with 90.1%
curcumin released over 24 hours (Table 3). The release profile followed the
Korsmeyer-Peppas model (R* =0.991), with an exponent (n = 0.45) indicating
diffusion-controlled release. Comparatively, free curcumin showed <20%
release in 24 hours due to poor aqueous solubility. Similar sustained release

patterns were observed for silymarin phytosomes (Maiti et al., 2007).

Table 7 : In Vitro Drug Release Profile of Curcumin Phytosomes (F1-F5)

Time (hr) F1(%) |F2(%) |F3(%) |F4(%) |F5(%)
0 0 0 0 0 0

1 12.85 10.52 20.84 16.92 11.96
2 25.93 22.83 30.68 28.46 24.69
3 34.41 31.92 39.27 37.28 33.24
4 43.79 40.75 48.63 46.69 42.86
5 56.36 54.42 61.91 59.37 55.47
6 60.21 58.64 65.79 63.46 59.83
8 64.49 62.17 69.46 67.83 63.79
10 75.72 72.33 81.37 79.48 74.51
12 86.74 85.21 89.01 87.92 86.28
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Figure 7 : In-vitro dissolution profile of Curcumin phytosomes

formulations (F1-F5)
Morphology

SEM imaging revealed spherical, non-aggregated vesicles with smooth surfaces
, confirming successful phytosome formation. Similar morphologies were

reported for phytosomes using sunflower lecithin

Figure 8 :SEM image of the optimized Cur-loaded phytosomes formulation
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3.4 Stability Studies

After 3 months, phytosomes stored at 4°C retained >83% drug content and
showed negligible changes in particle size (Table 4). In contrast, samples under
accelerated conditions (40°C/75% RH) exhibited a 5.2% reduction in EE%,
likely due to lipid oxidation. These results highlight the necessity of refrigerated

storage for long-term stability, as noted in studies on resveratrol phytosomes .

Table 8 : Stability Study of Optimized Curcumin Phytosome (F5)

Storage Condition 0 Month | 1 Month | 2 Months | 3 Months
Particle Size (nm) 356.48 |357.12 |358.04 359.10
Entrapment Efficiency (%) | 84.69 84.12 83.65 83.21
Drug Content (%) 84.69 84.10 83.60 83.15
Conclusion

In summary, this research successfully developed and optimized curcumin
phytosomes using sunflower lecithin via the rotary evaporation method to
address the longstanding challenges of curcumin’s poor aqueous solubility and
low oral bioavailability. The optimized formulation, prepared at a curcumin-to-
lecithin molar ratio of 1:5, demonstrated high entrapment efficiency (84.69%),
substantial yield (88.12%), and a desirable nanoscale particle size (356.48 nm)
with a stable zeta potential (-45.22 mV), confirming the formation of stable,
uniform phytosomal vesicles. In vitro drug release studies revealed a sustained
release profile, with over 90% of curcumin released within 24 hours, fitting the
Korsmeyer-Peppas kinetic model and indicating diffusion-controlled release.
FTIR and DSC analyses confirmed the successful incorporation of curcumin
into the lipid matrix, while SEM imaging showed well-defined, spherical
vesicles. Stability studies further demonstrated that the phytosome formulation
retained drug content and physicochemical integrity over three months under
refrigerated conditions, with only minor losses observed under accelerated
storage. Collectively, these findings validate rotary evaporation as an effective,
scalable technique for phytosome production and highlight sunflower lecithin as
a safe, efficient alternative to soy lecithin. The resulting phytosome system
holds significant promise for enhancing the therapeutic potential of curcumin,
paving the way for improved oral delivery and clinical efficacy in future
pharmaceutical and nutraceutical applications.
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