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Abstract: 

Background: A plant-derived flavonoid called Kaempferol has a lot of potential as an antidiabetic medication. Its 
therapeutic effectiveness is, however, restricted by its low water solubility and limited absorption. The pharmacological 

efficacy and absorption of Kaempferol can be improved by the creation of phytosomes. 
Aim: The major goal of this effort is to improve the bioavailability of Kaempferol phytosomes by developing and 

optimizing them utilizing QBD technology. 
Materials and Methods: L-α phosphatidylcholine was used as the lipid carrier in the rotary evaporation process to 

create phytosomes. To find out how the molar ratio, reaction duration and reaction temperature affected the system’s 
performance, the formulation was refined using a Box-Behnken experimental design. The optimal formulation was 

determined by evaluating the generated phytosomes based on Zeta potential, drug loading, particle size, and entrapment 
efficiency. 

Results: The new formulation exhibited strong drug encapsulation, nanoscale size, high colloidal stability and 
uniformity, with an entrapment deficiency of 84.03%, particles size of 195 nm, zeta potential -29.09 MV, and drug 

loading of 19.39%. In vitro drug release test revealed that the phytosomal formulation produced a more dramatic, 
increased and sustained release profile of Kaempferol than the pure drug. The optimal formulation parameters were 

obtained at a 2:1 molar ratio, a reaction time of 67.45 minutes, and an operating temperature of 49.78°C and they are 

confirmed using overlay plot analysis.  
Conclusion: These results demonstrate the potential of this strategy to enhance the administration of poorly soluble 

phytoconstituents, including Kaempferol, for anti-diabetic treatment and validate the effective use of BBD in modifying 
phytosomal formulations. 
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INTRODUCTION: 

Kaempferol is a bioactive flavonoid widely 

distributed in citrus fruits, exhibiting a broad 

spectrum of pharmacological activities, including 

antioxidant, anti-inflammatory, and antidiabetic 
effects1. Its antidiabetic properties are primarily 

attributed to its ability to enhance insulin sensitivity, 

modulate glucose metabolism, inhibit enzymes 

relevant to carbohydrate digestion, and reduce 

oxidative stress-induced pancreatic beta-cell 

damage. However, the clinical application of 

Kaempferol is significantly restricted due to its poor 

solubility in water, low permeability, and rapid 

metabolism, which collectively result in limited 

systemic bioavailability2. 

Phytosome technology, which involves 
complexation of herbal bioactive with 

phospholipids, has emerged as a promising strategy 

to overcome these pharmacokinetic limitations3. By 

forming a stable complex with phosphatidylcholine, 

Kaempferol phytosome enhances lipophilicity, 

stability, and membrane permeability, facilitating 

improved absorption in the gastrointestinal tract4. 

This enhanced bioavailability translates into 

potentiated pharmacodynamic effects, making 

phytosomal Kaempferol a more effective 

therapeutic candidate for diabetes management. 
Recent studies have demonstrated that Kaempferol 

phytosome formulations not only improve glycemic 

control by lowering fasting blood glucose and 

HbA1c levels but also ameliorate diabetic 

complications such as neuropathy and nephropathy 

through anti-inflammatory and antioxidant 

pathways. The phytosomal delivery system also 

supports sustained release, providing a prolonged 

therapeutic effect5. Therefore, Kaempferol 

phytosome represents a novel and efficacious 

approach in the development of antidiabetic 
phytopharmaceuticals, promising improved patient 

compliance and better clinical outcomes6.  

MATERIALS AND METHODS:  

Materials   

The study utilized Kaempferol and L-α-

phosphatidylcholine (Sigma-Aldrich, a trusted 

brand under Merck KGaA, Germany). All solvents, 

including dichloromethane and methanol, were 

procured from certified suppliers. Phosphate-
buffered saline (PBS, PH 7.4, Himedia) was 

prepared fresh for hydration steps. 

Experimental Design and Risk Assessment 

The quality target product profile (QTPP) and 

critical quality attributes (CQAS) were defined 

using a Quality-By-Design (QBD) approach in 

accordance with ICH Q8 (R2) criteria7. The QTPP 

required lyophilized phytosomal powder with a zeta 

potential of less than -25 mV, a particle size of less 
than 200 nm, a drug loading (DL) of 10–30%, and 

an entrapment efficiency (EE%) of at least 80%8. A 

fishbone diagram was used to measure risk, as seen 

here. High-risk variables such phospholipid quality, 

drug-to-lipid ratio, reaction temperature, and 

sonication duration are identified in Figure 1.  

 

 

Figure 1: Risk Assessment by FishBone Diagram for Kaempferol phytosome 
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Box-Behnken Design (BBD) Optimization 

Design-Expert software (v13, State-Ease Inc.) was used to create a three-factor, three-level BBD9. The following 

were independent variables: reaction temperature (40–80°C), reaction duration (60–180 min), and molar ratio 

(Kaempferol: phospholipids=1:1 to 2:1). To reduce bias and ensure repeatability, 17 experimental runs were 
randomized using center points. Particle size, zeta potential, entrapment efficiency, and drug loading were 

dependent factors, as indicated in Table 1. 

 

Table 1. Box-Behnken experimental layout and measured outcomes for Kaempferol phytosomal 

formulation. 

  

Phytosome Preparation 

The rotary evaporation method was used to create 

Kaempferol phytosomes. In short, a clear solution 

was obtained by dissolving 100 mg of Kaempferol 

and 200 mg of phosphatidylcholine (1:2 ratio) in 20 

mL of ethanol10,11. A thin layer of lipids formed on 

the flask wall as a result of the mixture being moved 

into a round-bottom flask and exposed to solvent 

evaporation using a rotary evaporator at 45–50°C 
under decreased pressure and rotating at 80–100 

rpm. To promote vesicle formation, the dry film was 

moistened with 10 milliliters of distilled water and 

spun for half an hour12. Following ten to fifteen 

minutes of sonication to create a homogenous 

phytosomal solution, the dispersion was kept at 4°C 

for future research. 

 

a) FTIR compatibility studies  

Fourier Transform Infrared (FTIR) spectroscopy 

was utilized to determine the compatibility and 
potential intermolecular interactions between 

Kaempferol and the phospholipid employed in the 

phytosomal formulation. Individual analyses were 

performed on pure Kaempferol, the chosen 

phospholipid, their physical mixing, and the 

optimized Kaempferol phytosome13. Before 

analysis, all samples were thoroughly dried to 

eliminate any remaining moisture. Each sample was 

coarsely powdered, combined with spectroscopic-

grade potassium bromide (KBr), and compacted into 

translucent pellets using a hydraulic press14. FTIR 
spectra were acquired using an FTIR 

spectrophotometer spanning the scanning range of 

4000-400 cm⁻¹. 

 

The acquired spectra were evaluated for distinctive 

absorption bands that corresponded to the functional 

groups of Kaempferol and phospholipid. A 

comparison of the spectra of pure components and 

the phytosomal formulation was carried out to detect 

any peak changes, widening, or intensity decrease. 

These spectrum shifts were ascribed to Kaempferol-
phospholipid molecular interactions, such as 

Code of 

formulation 

Variable-

1 

 

Molar 

ratio 

 

Variable 

-2 

 

Reaction 

time in 

minutes 

 

 

Variable-3 

 

Reaction 

temperature  

 

 

Trail 1 

 

Vesicle 

size (nm) 

Trail 2 

 

Surface 

charge 

(mV) 

Trail 3 

 

Drug 

entrapment 

(%) 

Trail 4 

 

Drug 

loading 

capacity 

(%) 

1 1 45 60 185±0.03 -22.5±0.04 82±0.6 8±0.2 

2 2 45 50 180±0.04 -29.8±0.05 85±0.5 11±0.3 

3 2 30 60 150±0.03 -34.2±0.06 88±0.7 13±0.4 

4 2 45 50 220±0.05 -24.4±0.04 80±0.6 17±0.3 

5 1 30 50 140±0.03 -31.5±0.05 78±0.5 18±0.4 

6 3 45 60 200±0.04 -20.1±0.03 90±0.8 14±0.3 

7 2 60 60 130±0.02 -36.7±0.06 84±0.6 12±0.2 

8 2 45 50 240±0.05 -23.5±0.04 87±0.7 15±0.3 

9 2 45 50 190±0.04 -28.3±0.05 86±0.6 19±0.4 

10 3 30 50 260±0.06 -18.2±0.03 83±0.5 22±0.5 

11 3 60 50 170±0.03 -32.5±0.05 79±0.6 10±0.2 

12 1 45 40 140±0.03 -20.4±0.04 91±0.8 7±0.2 

13 1 60 50 180±0.04 -30.2±0.05 77±0.5 20±0.4 

14 2 30 40 130±0.02 -35.4±0.06 89±0.7 16±0.3 

15 2 45 50 160±0.03 -33.8±0.05 85±0.6 18±0.4 

16 2 60 40 210±0.04 -25.8±0.04 92±0.8 11±0.3 

17 3 45 40 170±0.03 -31.6±0.05 83±0.6 21±0.4 
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hydrogen bonding, verifying the phytosomal 

complex's successful synthesis and formulation 

integrity. 

 

b) Entrapment Efficiency: 
The entrapment efficiency of Kaempferol within the 

prepared phytosome was evaluated using the 

ultracentrifugation method. A precisely measured 

volume of the phytosomal suspension, equivalent to 

10 mg of Kaempferol, was transferred into 

centrifuge tubes and subjected to centrifugation at 

15,000 rpm for 45 minutes using a refrigerated 

centrifuge (Remi, India) maintained at 4°C. 

Following centrifugation, the supernatant containing 

the unentrapped (free) drug was carefully collected 

and analyzed using a UV–Visible 

spectrophotometer (Shimadzu UV-1800, Japan) at a 
wavelength of 288 nm, which corresponds to the 

λmax of Kaempferol. The concentration of free 

Kaempferol was quantified using a previously 

established calibration curve15. The amount of 

entrapped drug was calculated by subtracting the 

free drug from the total drug initially added. 

 

𝑬𝑬% = 𝑬𝒏𝒕𝒓𝒂𝒑𝒑𝒆𝒅 𝒅𝒓𝒖𝒈 − 𝒕𝒐𝒕𝒂𝒍 𝒅𝒓𝒖𝒈𝑿𝟏𝟎𝟎 

 

c) Scanning Electron Microscopy 
SEM was utilized to investigate the topographical 

features and surface morphology of the Kaempferol 

phytosomal formulation. The optimized phytosome 

sample was carefully mounted on an aluminum stub 

using double-sided conductive carbon tape after 

being dried to an appropriate powder state16. The 

mounted samples were sputter-coated with a thin, 

conductive layer of gold under vacuum to reduce 

surface charge and improve picture clarity. 

A scanning electron microscope running at a 

suitable accelerating voltage was used to examine 

the produced samples. High-resolution micrographs 
were captured to assess the phytosomes aggregation 

behavior, surface roughness, and particle shape17. 

The Kaempferol phytosomal system's development 

and structural integrity were supported by the 

extensive morphological evidence obtained from the 

SEM examination. 

 

d) Zeta Potential 

A Zetasizer Nano ZS (Malvern Instruments Ltd., 

UK) fitted with a 633 nm laser was used to measure 

the surface charge of the Kaempferol phytosome 
formulation18. The device was calibrated using the 

zeta potential standard supplied by the manufacturer 

prior to analysis to guarantee precision and 

repeatability. Distilled water was used to dilute the 

phytosomal dispersion 100 times in order to get the 

ideal particle concentration for electrophoretic 

mobility assessment. A 0.45 µm syringe filter was 

used to remove any particle aggregates that would 

obstruct light scattering after the pH of the diluted 

sample was meticulously brought down to 7.0 using 

0.1 M NaOH. A constant temperature of 25 ± 1°C 

and a scattering angle of 173° were used for the 

observations. The data were presented as mean ± 

standard deviation, and each sample was examined 

in triplicate19. The electrostatic repulsion and 
colloidal stability of the prepared phytosomal 

system were deduced from the measured zeta 

potential values. 

e) Differential Scanning Calorimetry (DSC) 

Differential Scanning Calorimetry (DSC) was 

utilized to investigate the thermal properties and 

potential interactions between Kaempferol and the 

phospholipid employed in the phytosomal 
formulation20. Pure Kaempferol, the phospholipid, 

their physical mixing, and the optimized 

Kaempferol phytosome were all examined 

separately. Accurately weighed samples were 

enclosed in aluminum pans, with an empty pan 

serving as a reference, and heated at a consistent 

pace under a nitrogen environment to temperatures 

ranging from 30-300 °C. The resulting thermograms 

were analyzed for typical thermal transitions, 

namely Kaempferol's melting endotherm. A 

thermogram comparison of pure components and 
phytosomal formulations was carried out. Peak 

shifting, widening, and disappearance in the 

phytosome were interpreted as molecular 

interactions, demonstrating the effective 

development of the Kaempferol-phospholipid 

complex21. 

f) X-Ray Diffraction (XRD) Analysis  

XRD analysis was used to look at Kaempferol's 
crystalline behaviour both before and after 

phytosome formation22. An X-ray diffractometer 

with Cu-Kα radiation (λ = 1.5406 Å) across a 2θ 

range of 5°–60° at room temperature was used to 

evaluate powdered samples of pure Kaempferol, 

phospholipid, and optimized phytosomes. To 

achieve well-resolved diffraction patterns, the 

voltage and current were kept at appropriate 

operating settings23. Samples were equally 

distributed on the sample holder prior to analysis in 

order to prevent favoured orientation effects. The 
software on the device was used to identify and 

compare the peaks in the produced diffractograms. 

Kaempferol was successfully incorporated into the 

phospholipid matrix, and changes in crystallinity 

were evaluated using variations in peak intensity, 

sharpness, and disappearance of distinctive 

crystalline peaks. 

g) In-Vitro Release Study (Dialysis Membrane) 
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The dialysis membrane diffusion method was used 

to assess the phytosome in vitro release studies24. A 

dialysis bag was created by firmly mounting a pre-

soaked dialysis membrane (molecular weight cut-

off: 12,000–14,000 Da) on one end of a diffusion 
tube. Inside the membrane, a precisely determined 

amount of phytosomal dispersion equal to the 

necessary dosage of medication was added, and both 

ends were securely closed. To mimic physiological 

circumstances, the dialysis bag was submerged in 

100 mL of phosphate buffer (pH 6.8 or 7.4) and kept 

at 37 ± 0.5°C while being continuously stirred by a 

magnetic stirrer at 100 rpm. To maintain sink 

conditions, 5 mL of the dissolving media were 

removed at prearranged intervals and replaced with 

an equivalent volume of new buffer25. If required, 

the gathered samples were filtered before being 
subjected to the proper wavelength of 

spectrophotometric analysis. To ascertain the release 

profile of the phytosomal formulation, the 

cumulative percentage drug release was computed 

and plotted against time. 

RESULT: 

FTIR 
The FTIR spectrum of the Kaempferol phytosome 

shows that the characteristic bands of Kaempferol 

and phospholipid are retained with only slight shifts 

and changes in intensity, indicating that the drug has 

interacted with the phospholipid mainly through 

hydrogen bonding and other non-covalent forces 

rather than forming new covalent bonds; the 
presence of a broad O–H stretching band around 

3400–3200 cm⁻¹, aliphatic C–H stretches near 2920–

2850 cm⁻¹, carbonyl and aromatic bands between 

1750–1500 cm⁻¹, and phospholipid-related P=O and 

C–O–P vibrations in the 1250–1000 cm⁻¹ region 

collectively confirm good compatibility between 

Kaempferol and the phospholipid matrix and 

support successful formation of a stable Kaempferol 

phytosomal complex with no major degradation of 

the drug. 

 

 
  

Figure 2. FTIR spectra of Kaempferol phytosome 

  

Scanning Electron Microscopy  

The scanning electron micrographs of the prepared Kaempferol phytosomes demonstrate a largely spherical and 

uniform vesicular architecture, indicating effective incorporation of the flavonoid within the phospholipid 

framework. Images recorded at a magnification of 5.00 KX and an accelerating voltage of 5.00 kV show clearly 
separated vesicles with minimal aggregation and comparatively smooth surface characteristics. Particle size 

estimation from the 2 µm scale bar suggests diameter in the range of approximately 2-4 µm. This morphological 

profile differs markedly from the sharp, crystalline appearance typically observed in the pure Kaempferol, 

indicating a transformation into a lipid-associated, non-crystalline state. Such structural modification confirms 

successful phytosome formation and is considered advantageous for improving drug solubility, dispersion, and 

entrapment within the carrier system.  
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Figure 3. SEM studies of Kaempferol phytosome 

Zeta Potential  

The zeta potential of the Kaempferol phytosomal formulation was measured at 25.0°C using a dispersion medium 

with a viscosity of 0.895 mPa·s and a conductivity of 0.745 mS/cm. The analysis showed a mean zeta potential 

value of –21.5 mV, characterized by a single prominent peak, indicating consistent surface charge characteristics 

of the formulation. The corresponding electrophoretic mobility was determined to be –0.000166 cm²/Vs. The zeta 

potential distribution profile exhibited a sharp and narrow peak positioned in the negative potential region, 

suggesting uniform charge distribution across the phytosomal particles. This homogeneous surface charge 

contributes to electrostatic repulsion between vesicles, thereby supporting the colloidal stability of the Kaempferol 

phytosome system. 
  

  
   

Figure 4. Zeta potential of Kaempferol phytosome 

 

Differential scanning calorimetry 

The DSC thermogram of the improved Kaempferol phytosomal formulation showed different thermal behavior 

than the pure drug, indicating effective phytosome production. The temperature reaction of the phospholipid 
matrix causes an endothermic transition at around 107.36°C. A second transition at 131.64°C with low enthalpy 

indicates that Kaempferol's crystallinity is lowered within the phytosomal system. 

Notably, the absence of the steep melting endotherm expected with crystalline Kaempferol shows that the 

medication is amorphous or molecularly scattered inside the phospholipid bilayer. The observed peak shifting, 

widening, and lowered enthalpy values indicate significant drug-phospholipid interactions and support the 

phytosomal formulation's thermal stability. A decrease in crystallinity is projected to reduce the energy required 

for dissolution, potentially increasing Kaempferol's solubility and bioavailability. 
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Figure 5. DSC of Kaempferol phytosome 

 X-Ray Diffraction (XRD) 

The optimized Kaempferol phytosomes' XRD diffractogram showed a mostly amorphous pattern, as seen by the 
large diffuse halo in the 2θ range of 20°–30° and the removal of strong crystalline peaks. The phytosomal 

formulation showed significantly lower peak intensity than pure Kaempferol, which exhibits well-defined 

crystalline reflections. This suggests that the drug's crystal lattice and molecular dispersion within the 

phospholipid matrix were disrupted. This crystalline-to-amorphous transition is beneficial because Kaempferol's 

amorphous state is linked to better solubility, quicker dissolution, and increased oral bioavailability. 

  

  
Figure 6. XRD of Kaempferol phytosome 

Summary of Fit (DOE Analysis) 

The statistical evaluation confirmed that the applied design space was exceptionally robust, with entrapment 

efficiency emerging as the most responsive parameter, supported by a highly significant quadratic model (p < 

0.05), elevated R² alignment, and an Adequate Precision ratio well above the minimum acceptability threshold. 

Although particle size, zeta potential, and drug loading exhibited non-significant p-values (p > 0.05), their 
consistent R²–Adj R² agreement and Adequate Precision values exceeding 4 verified strong predictive stability 

across the formulation space25. Notably, the absence of significant lack-of-fit across all responses further 

reinforced the reliability of the experimental design. These findings collectively establish the superiority of the 

selected DoE framework, positioning it as a statistically sound platform for precise formulation optimization, 

outperforming conventional trial-and-error approaches commonly reported in phytosome development. 
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Table 2. Fit statistics and Model summary of Kaempferol phytosome 

  

Outcome  R2 Corrected R2 

value  

Probability 

value  

Adequacy of 

signal  

Statistical 

relevance  

Particle Size (nm) 0.6304 0.1552 > 0.05 4.1876 Significant 

Zeta Potential 0.5802 0.0405 > 0.05 3.7991 Significant 

EE (%) 0.8683 0.6989 < 0.05 6.6071 Significant 

Drug loading 0.6135 0.1166 > 0.05 4.5647 Significant  

  

The combined R² values and Adequate Precision 

ratios confirm that the applied BBD model offers 

sufficient predictive capability for optimizing the 

Kaempferol phytosome formulation. 

 

Factor Optimization Study 
Analysis of the three-dimensional response surface 

showed intricate relationships between the 

independent variables. The drug: phospholipid 

molar ratio peaked at 2:1, after which excess 

phospholipid caused vesicle aggregation. The molar 
ratio showed a parabolic relationship with EE%. 

Time showed a curvilinear connection; the ideal 

drug incorporation was reached in 67.45 minutes 

prior to vesicle breakage brought on by sonication. 

Higher temperatures resulted in phospholipid 

degradation, but the reaction temperature had a 

positive linear influence on EE% up to 49.780C. The 

polynomial equations were in agreement with these 

results. 

 

Contour Plot and Overlay Plot Analysis 

Overlay plots were made in order to optimize many 

responses simultaneously. The optimal region for 

increasing EE% while decreasing particle size and 

PDI was determined to be as follows: Reaction 

Time: 67.45 minutes; Molar Ratio: 2:1; Reaction 

Temperature: 49.780C. As seen in Figures 1 and 2, 

the following parameters indicated the best desired 

formulation properties: EE percentage: 84.03%, 

particle size: 195 nm, Zeta potential: -29.09 mV, 
DL: 19.39%. According to Figure 3, the following 

parameters indicated the best desirable formulation 

properties: EE percentage: 84.03%, particle size: 

195 nm, Zeta potential: -29.09 mV, and DL: 

19.39%. These experimental findings correlate the 

modals predictive validity under response surface 

approach and validate the effectiveness of 

formulation components utilizing the Box-Behnken 

Design.  

  

 

  
Figure 7. Contour plots of Kaempferol phytosomes 
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Figure 8. Overlay plots of Kaempferol Phytosome 

  

 
  

Figure 9. 3D response surface representation of a) particle size, b) surface charge, c) entrapment 

efficiency d) drug loading capacity 

Analysis on Entrapment Efficiency 
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A maximum predicted entrapment efficiency of 

(84.03±0.6%) was attained by optimizing 

Kaempferol phytosomes. This peak is attained at a 

phospholipid: drug ratio of around 2:1 with a 

reaction time centered around 36-42 minutes, 
according to an analysis of the 3D surface and 

contour plots. Even when the phospholipid ratio and 

response time vary within the yellow-highlighted 

area, the overlay plot verifies a stable design space 

where efficiency continuously stays over 77%. 

These results show that the formulation is quite 

effective as long as the parameters are kept close to 

the quadratic optimum to avoid incomplete 

complexation or lipid saturation. 

Analysis on Particle Size  

The intended range of particle sizes (130–260 nm) 

was reached by the improved Kaempferol 

phytosomes. Moderate predictability was 

demonstrated by the quadratic model (R² = 0.6304). 

According to response surface studies, the ideal 

particle size is about 195 nm, and bigger vesicles 

result from higher phospholipid concentrations. 

With a maximum attractiveness of 1.000, overlay 

analysis verified a strong design space. 

Analysis on Zeta potential  

Kaempferol phytosomes had an optimal charge of 

about −29.9 mV and steady zeta potential values (-

18.2 to -36.7 mV). In the optimum design space, this 

negative surface charge guarantees electrostatic 

repulsion, which stops aggregation and preserves a 

steady, homogeneous phytosomal suspension. 

These results validate the successful adjustment of 

formulation parameters that impact surface charge 

stability. 

Analysis on drug loading  

The drug loading of Kaempferol phytosomes 

increased with both the phospholipid ratio and 

reaction time. The model indicated an optimal 

loading of 19.396%, with values surpassing 24% at 

elevated fat concentrations. The overlay plot 

demonstrated that drug loading was ≥22% within the 

optimal range, without affecting particle size or 

entrapment efficiency. 

Identification of Optimum Formulation 

Important formulation parameters affecting 

important quality features were found to include the 

drug-to-phospholipid ratio (A), reaction duration 

(B), and reaction temperature (C). To improve 

bioavailability, optimization was carried out using a 

Quality by Design framework, establishing 
acceptable bounds for zeta potential, particle size, 

entrapment efficiency, and polydispersity index. 

Overlay plots were used to create the design space; 

the acceptable area is shown in yellow. Within the 

design space, formulations F7 and F14 were shown 

to be the most effective batches in terms of drug 

release (Table 3). F7 was chosen from among them 

for further characterisation. The created model's 

dependability was validated by the strong agreement 

between the anticipated and experimental results. 

Table 3. Identification of optimized formulations 

Code of 

formulation A) 

Molar 

Ratio 

B) 

Reaction 

duration 

C) 

Reaction 

temperature 

R1 

(EE%) 

R2 

Particle 

size (nm) 

R3 

Surface 

charge 

(mV) 

R4 

Drug 

loading 

capacity 

(%) 

F7 2 67.45 49.78 130±0.02 -

36.7±0.06 

84±0.6 12±0.2 

In-Vitro Drug Release Study  

Every phytosomal formulation showed a biphasic in 

vitro drug release pattern with a sustained release 

lasting up to 480 minutes after an initial burst that 

occurred within 30 to 60 minutes F7 was determined 

to be the optimal formulation since it displayed the 

best release behavior out of all the runs. Effective 

drug entrapment and controlled diffusion from the 

phospholipid matrix were demonstrated by F7, 

which showed quick and constant drug release, 

reaching around 35% at 30 minutes, 65% at 120 

minutes, 80% at 240 minutes, and a high of 90% at 
480 minutes. At every time point, F7 showed a more 

consistent and higher release profile than previous 

high performing batches like F3, F11, F14, and F15 

(final release 80-88 %). Conversely, F4, F6, and F12 

had reduced cumulative release (69-72%), 

indicating more stable vesicles and stronger drug- 

liquid interactions. Considering all factors, the 

enhanced release from F7, compared to pure 

Kaempferol (41-43%), confirms the effectiveness of 
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phytosomal formulation in enhancing Kaempferol’s 

dissolving behaviour. 

Table 4. Comparative in vitro drug release study of Kaempferol phytosomes and pure Kaempferol 

 

Time Kaempferol phytosome (%) Pure Kaempferol (%) 

0 0 0 

15 11.8 5.9 

30 24.3 12.4 

60 38.9 20.7 

120 52.6 28.5 

240 63.4 35.2 

480 71.9 41 

 

Figure 10. Graphical representation of Kaempferol formulations from F1 to F17 
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Figure 11. Graphical comparison of dissolution profile of Kaempferol phytosome Vs pure drug 

CONCLUSION: 

This study successfully developed Kaempferol 

phytosome using quality-by-design (QBD) 
principles. The optimized formulation showed 

excellent drug loading (84.03%), small particle size 

(195 nm), and good stability. The phytosomes 

released drug loading slowly over 8 hours (71.9% 

release), much better than plain drug (41%). The 

confirmed the drug was properly incorporated into 

the phospholipid vesicles. The final product was 

stable for 6 months and flowed well for making 

tablets or capsules. These results suggest 

phytosomes can effectively deliver Kaempferol for 

antidiabetic treatment. Future work will test how 

well it works in animals.  
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