
INTRODUCTION
The myeloproliferative neoplasm (MPN) is referred to 
as chronic myeloid leukemia (CML) and found to have 
an incidence of1,2 cases per 1,00000 individuals.1,2 It is 
characterized by mutations to the hematopoietic system as 
well as lower production of healthy hematopoietic cells. These 
mutations cause the cells to proliferate or accumulate by 
preventing cell differentiation. About 50% of CML patients 
in the US are asymptomatic, and they are often diagnosed 
by normal medical examinations or testing.3 Three phases 
of CML can be distinguished: the accelerated phase (AP), 

the chronic phase (CP), and the blast phase (BP).4 Advances 
in targeted therapies via selective protein kinase inhibitors 
have shown a significant impact on the treatment of various 
human malignancies, in which these agents prompt major 
clinical responses with significantly fewer adverse effects than 
conventional cytotoxic chemotherapy.5,6 As a result, prognostic 
stratification and treatment options have been improved. Thus, 
novel targeted therapies for CML have recently received major 
attention.7-9 A broad range of applications in the biomedical 
area have been made possible by the capacity to generate 
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nanoparticles that are in the same size range as proteins. These 
particles may stimulate, react with, and impact target cells and 
tissues to assure the intended physiological reactions while 
reducing unwanted outcomes.4,6 

Dasatinib is a second-generation tyrosine kinase inhibitor 
(TKI) that is taken orally and has antiproliferative activity 
against CML.10 In the case of resistance to imatinib, it can 
also be used as an alternative to imatinib therapy. The action 
of dasatinib is 325 times more efficient than that of imatinib 
against unmutated BCR-ABL, and it has antagonistic effects 
against most imatinib-resistant mutants of BCR-ABL, and 
survival of cancer cells and reducing vascular permeability.11-13 
On the other hand, drawbacks of dasatinib are reported 
such as pH-dependent solubility (205 g/mL at pH 4.27 
and < 1 g/mL at pH 6.98), poor absorption, and significant 
first-pass effect, which results in oral bioavailability of only 
14–34%.14,15 Furthermore, particular individuals may be at 
risk of experiencing therapeutically relevant toxicity due to the 
increased of dasatinib dose.13 Hence, new nanoformulations 
of dasatinib are required for improved oral bioavailability.

Studies have shown that consuming flavonoid-rich diets 
prevents several chronic diseases and cancer, resulting in 
consuming flavonoid-rich supplements to treat cancer.16 Due to 
the steadily rising global frequency of malignancies, there is an 
urgent need for innovative, effective medicines and treatment 
techniques.17 Hesperidin, a nontoxic natural substance 
that exhibits potent anticancer activities, may provide new 
therapeutic options for cancer patients. In multiple preclinical 
studies, it has been demonstrated that it protects against 
malignant transformation and progression.18,19 Hesperidin 
can alter tumor cell survival, division, and death mechanisms. 
Nevertheless, hesperidin does not have wide clinical use due to 
its decreased solubility in water.20 Researchers are focusing on 
overcoming this problem by developing appropriate delivery 
systems for hesperidin. 

A monolayer surfactant shell surrounds an important solid 
lipid core in solid lipid nanoparticles (SLNs). In comparison, 
SLNs were found to be a safer option than other nanosystems.21 
They often avoid significant difficulties, such as liposomes’ 
poor durability, decreased loading capacity, potentially 
high biotoxicity, and residual organic solvent when using 
polymeric nanoparticles.22 It has been demonstrated that 
SLN’s lipidic components can solubilize highly lipophilic 
pharmaceuticals, which has the benefit of keeping SLNs in 
a more stable solution, without need for significant much 
surfactants and enhancing biopharmaceutical performance 
following various administration methods. Furthermore, SLNs 
make the drugs targeted to the lymphatic system, which has 
a variety of advantages such as protection from hepatic first-
pass metabolism, enhanced drug bioavailability, and reduced 
hepatotoxicity.23

With the use of a high-shear homogenizer, we especially 
planned to create stable dasatinib and hesperidin-loaded SLNs 
for CML in this work. As far as we know, no earlier studies 
have discussed using co-loaded nanocarriers in this way. 

MATERIALS AND METHODS
The precirol ATO and Compritol were purchased from 
Gattetosse (Saint-Priest, France), Poloxamer 188 was purchased 
from CDH (New Delhi, India), hesperidin was purchased 
from Wuhan amino acid biochemicals (Wuhan, China), and 
Dasatinib was procured from Dr. Reddy’s Laboratory Ltd 
(Hyderabad, India). Analytical quality (HPLC grade) materials 
were employed for the study.
Preparation of SLN
SLN was prepared using the high-shear homogenizer method. 
Briefly, 0.2 to 1.5% (w/v) Compritol-188 was melted at 50°C 
(oil phase). The oil phase was mixed with dasatinib and 
hesperidin for about 15 minutes while agitated at 600 rpm using 
a magnetic stirrer. The obtained emulsion was injected into 
a 100 mL aqueous solution containing 5% (w/w) poloxamer 
188 while being homogenized (IKA T 25D, Germany) for 
10 minutes duration at 20k rpm followed by sonication using a 
probe sonicator to obtain the desired nanoscale.10,24-27

Design of Experiment for the Optimization of SLN
The Design Expert® program, version 13 was utilized to 
improve the dasatinib/hesperidin-loaded SLN by central 
composite design (CCD). 

The experimental design for formulation development 
is the fundamental factor for constructing the preliminary 
screening of the experiment. To decrease the number of runs 
with 3/4 variables, a twenty-run, 3-factor, 3-level ‘CCD’ 
was used for process optimization. The quadratic response 
surface as well as constricting second-order polynomials, were 
examined using software. Using the replicated center point and 
a set of midpoints of the edge of a multi-dimensional cube, this 
well-defined region of interest. This allowed us to assess main 
effects and interactions of the formulation ingredients used and 
permit us to optimize the formulation.28 Based on the design, 
a linear quadratic model was produced, as shown in Table 1. 
Experimental Data Analysis Using Design Expert® 
Experiment results were analyzed using Design Expert 
software (13th), providing valuable information, and reinforcing 
statistical design’s utility. Table 2 shows the effects of compritol, 

Table :1 CCD variables- actual levels and constraints.

Factors Coded Levels

Independent variable Low (-1 ) Medium (0) high(+1)

X1= Campritol (%) 0.2 0.85 1.5
X2= Poloxamer (%) 1 3 5

X3= Time in minutes for 
Sonication

1 5.5 10

Dependent variables Constraints
Y1= Size of Particle(nm)  (100–200)
Y2= Polydispersity Index 
(PDI)

Minimum

Y3= Average Efficiency 
of Entrapment (%)

Maximum
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Poloxamer 188, and sonication duration on the polydispersity 
index (PDI), particle size, and entrapment efficiency.29

By using Design-Expert Software’s estimated statistical 
parameters, such as the modified multiple coefficient, 
anticipated residual sum of squares, and multiple correlation 
coefficient, polynomial equations, including important cause-
and-effect variables, were created. Using, ANOVA provision in 
the software, we validated the polynomial equation statistically.
Physical Characterization of SLN
Suitable dilutions of nanodispersion were performed with water 
for zeta potential, size determination, and PDI measurement 
at 25 ± 1°C using Nano ZS.30

Morphology Studies

Transmission electron microscopy (TEM)
The optimized SLN was diluted 10 times with Milli Q water 
before placing a drop of sample of SLN solution onto the 
cu-grid and allowed to dry at room temperature. It was then 
stained with 1% phosphotungstic acid for better visibility, 
and the TEM photomicrographs were taken with the ((TEM) 
(Tecnai G2 S-twin, FEI, Netherland) instrument.31

Scanning electron microscopy (SEM)
The optimized sample solut ion was used for SEM 
photomicrographs and captured at 10Kv.32

Physiochemical Characterization

Fourier transform infrared spectrophotometric analysis
To investigate the drug-polymer interactions, an appropriate 
number of samples were analyzed, and the %transmittance 
was recorded using the FTIR (FTIR, Nicolet iS5) instrument 
in a scanned range of 400 to 4000 cm-1.33

Differential scanning calorimetry (DSC) analysis
Five milligrams (5 mg) of drug sample were accurately weighed 
& put in the hermetically sealed aluminum (Al) DSC pan. 
Further, the pan was sealed using hydraulic press. The sample 
was scanned within the temp. range of 40 to 400°C with given 
(10°C/min) heating rate. This study was executed using the 
DSC, model DSC6 instrument.
HPLC analysis
The hesperidin and dasatinib concentrations were determined 
using RP-HPLC with the zorbax eclipse xdb C-8 column with 
1.0 mL/min flow rate at 30°C. The mobile phase was a mixture 
of methanol and phosphate buffer (2.75 g potassium dihydrogen 
phosphate KH2PO4 in 1000 mL milli-Q water) (48:52) & the 
pH was adjusted to 4.5. After 15 minutes, the 10 µL sample 
was injected and scanned at 280 and 323 nm.34,35

Preparation of standard 
1000 ppm solution was prepared with DMSO. For further 
dilution methanol was used. Vortexed and sonicated for 10 
minutes each, filtered.
Preparation of sample
Added 1-mL of DMSO to 500 mg of sample in a 2 mL 
Eppendorf tube. As previously mentioned, vortex, sonicate, 

and centrifuge for 10 minutes at 14000 rpm. Next, add 
another 1-mL of DMSO to 1-mL of the supernatant layer. 
The same procedures were used for centrifuging, sonicating, 
and vortexing. injected the filtered upper layer into the HPLC 
after taking it.36

Encapsulation efficiency
In 1-mL of DMSO was added to 500 mg of the sample in a 2 mL 
eppendorf tube. Centrifuge the sample solution for 10 minutes 
followed by a vortex and sonication. Then took the supernatant 
layer of about 1-mL and added 1-mL of H2O. Followed the 
same for vortexing, sonication, and centrifuging. Took the 
upper layer, filter it, and injected it onto HPLC for analysis.
In-vitro drug release
After 24 hours of production under sink circumstances, the in- 
vitro drug release was evaluated as per the method discussed by 
Mühlen et al. (1998) and evaluated by HPLC after the various 
time intervals of 0, 0.25, 0.5, 1, 2, 4, 6, 8, and 12 hours.37

MTT assay
In order to examine the cytotoxic capability of dasatinib and 
hesperidin-loaded solid lipid nanoparticles, cell viability assay 
utilizing the HL60 human leukemia cell line was performed. 
A 96-well flat-bottom microtiter plate with 1104 cells per well 
was seeded with cells and cultured for 36 hours to allow the 
cells to proliferate and adhere.38 Afterward, dasatinib and 
hesperidin-loaded solid lipid nanoparticles were added at 
different concentrations (50 μg to 0.1 μg/mL) and incubated 
for 36 hours. Fresh media was added after 36 hours, and then 
for an additional 4 hours, the cells were incubated at 37°C 
with 20 μL of “3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide” (MTT) (5 mg/mL in PBS). Additionally, 
DMSO, used to dissolve the Formazan crystals produced by 
the mitochondrial reduction of MTT. The computation was 
done by monitoring the absorbance at 540 nm using micro-
plate reader (Mark-Bio-Rad), results were calculated using 
following equation.39

RESULT AND DISCUSSION

Preparation of SLN by CCD Approach
In 20 experimental runs, 3 levels of central composite design 
were employed to build the polynomial models for optimization 
of formulation as mentioned in Table 2.40-43

Physical Characterization of SLN

Effect of the variable on particle size (Y1)
As per the experiment results, particle size ranged from 145 
to 265 as shown in Table 2. The amount of compritol had an 
effect on the size. Following mentioned equation can elaborate 
effect of factor levels on particle size:
Pa r t i c l e  S i z e  ( Y1)  +179.74 .6 0 =  19.11A+5.75 B -
1.47C+22.68AB+3.00AC+0.377BC-8.21A2 -7.41B2 -14.84C2 

The primary effects of Y1 through Y3 reflect the average 
outcome of changing one variable at a time from one level to 
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another. The positive coefficients indicate that size is positively 
impacted. In contrast, negative coefficients before independent 
variables signify an unfavorable impact on size. Investigating 
these mentioned coefficients in the above 2nd order polynomial 
mode is shown in Figure 1(i) graph.

Moreover, model F-value for full quadratic particle size of 
nanoparticles was 20.69, indicating the linear response surface 
and quadratic model was significant as mentioned in Table 
3. By analyzing responses surfaces predicted particle size as 
shown in Figure 1 (a) that an increase in Poloxamer 188 leads 
to a decrease in particle size.44

Effect of the variable on poly dispersity index (Y2)
As per the obtained results from the experiments, the particle 
size value varies from PDI 0.125 to 0.934 as mentioned in Table 
2. The small value of PDI was highly desirable to have even 
size distribution in the dispersion media. PDI was influenced by 
the amount of compritol and sonication time. Below mentioned 
equation shows the relationship between the above mention 
factors & PDI.
Poly Dispersity Index (Y2) +0.3575= -0.0822A-0.1693B-
0.0040C+0.1524AB+0.0894AC+0.0004BC-0.0581A2 
+0.3830B2 -0.1594C2 

The “Model F-value” of 14.00 implies the model is 
significant as mentioned in Table 3. A “Model F-value” this 

larger could only happen owing to noise with a 0.05% chance. 
Figure 1 (ii) showed the influence of different variables on 
PDI. The polydispersity increased as compritol and sonication 
duration were increased. The presence of poloxamer 188 
significantly lowered the PDI.
Effect on encapsulation efficiency (Y3)
Encapsulation efficiency (EE) will demonstrate the preparative 
efficiency of compritol formulation. For EE, p-values of 
X1 (Compritol), X2 (Poloxamer 188), and X3 (Sonication 
time) were all < 0.0001, signifying that these variables had 
noteworthy differences in the EE response as mentioned in 
Table 3. Encapsulation efficiency might get reduced with higher 
compritol concentration & lesser quantity of Cholesterol + 
Stearic acid. The following equation shows the relationship 
between the above-mentioned factors and encapsulation 
efficiency.40

Encapsulation Efficiency (Y3) +88.2= 3.18A-3.60B+5.61C-
5.25AB-7.00AC+1.25BC-3.80A2 -10.57B2 -5.49C2 

The model was vital, as indicated by the “Model F-value” 

Table: 2 Composition of 3 factors, 3 levels CCD for the formulation 
development

Run
A: Solid 
Lipid
%(w/w)

B: Surf
actant
%(w/w)

C:Soni
cation 
Time(min)

Respo
nse 1
Particle 
Size

Respo
nse 2
PDI

Respo
nse 3
%EE

1 0.85 3 5.5 162.3 0.125 93

2 0.85 3 5.5 162.3 0.125 93

3 1.5 3 5.5 233 0.631 71

4 0.85 5 5.5 162.3 0.125 93

5 0.2 3 5.5 198 0.345 85
6 0.85 3 1 145 0.456 91

7 0.85 1 5.5 152 0.378 92

8 0.85 3 5.5 162.3 0.125 93

9 1.5 5 1 264 0.561 72

10 0.85 3 10 179 0.621 79

11 0.2 1 1 153 0.561 87

12 0.2 5 1 189 0.521 83

13 0.2 5 10 167 0.815 58

14 1.5 1 10 189 0.767 76
15 1.5 1 1 167 0.614 67

16 0.85 3 5.5 189 0.125 93

17 0.2 1 10 156 0.843 88

18 0.85 3 5.5 162.3 0.125 93

19 0.85 3 5.5 162.3 0.125 93

20 1.5 5 10 265 0.934 68

(i) particle size (ii) Poly Dispersity 
Index

(iii) Encapsulation 
Efficiency

Figure:1 Response surface plots of (i) Particle size, (ii) Poly Dispersity 
Index, and (iii) Encapsulation Efficiency

Table 3: Quadratic ANOVA model: results

Response F-va
lue p-value Mean 

square
Adjus
ted R2

Predic
ted R2

Rem
arks

Particle
size (Y1) 20.69 ˂0.0001 2455.77 0.9032 0.6102 Signi

ficant
PolyDis
persity 
Index 
(Y2)

14.00 <0.0001 0.1540 0.8603 0.4838 Signi
ficant

Encapsa
tion Effici
ency (Y3)

22.35 ˂0.0001 245.87 0.9100 0.5098 Signi
ficant

Figure 2: (A) Dasatinib-hesperidin SLN particle size and (B) Zeta 
potential after 
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of 8.53. The likelihood that a “Model F-value” would be this 
high owing to noise was 0.15% at most. Figure 1 shows the 
impact of several variables on the success of trapping (iii). 
The entrapment efficiency was decreased by enhancing the 
quantity of compritol & sonication time. Surfactant contents 
did not have a significant influence in increasing the entrapment 
efficiency.

All formulations had PDI values between 0.125 and 0.934 
with particle sizes varies from 145 to 265 nm (Table 2). Figures 
1 and 2 illustrates the particle size range for this optimized 
formulation, which ranged from 162.3 to 0.12 nm.
Morphology Studies
In order to analyze the morphology of dasatinib and hesperidin-
loaded SLN, scanning electron microscopy (SEM) and 
transmission electron microscopy (TEM) were used. (Figure 3)
Physiochemical Characterization

FTIR analysis 
FTIR spectrum the drugs (dasatinib & hesperidin), and a 
mixture of drugs are shown in Figure 4. Other IR spectra 
of dasatinib-excipients mixtures are shown in Figure 5 and 
IR spectra of hesperidin-excipients mixtures are shown in 
Figure 6 and the final spectra of SLN formulation is shown in 
Figure 7.
Differential scanning calorimetry (DSC) analysis
The endotherm of dasatinib, hesperidin, and optimized SLN 
and their typical curve is shown in Figure 8. The absence of 
dasatinib and hesperidin peaks in optimized SLN formulation 
indicates that the drug was successfully loaded in the lipid core.
HPLC analysis 
The calibration curve for dasatinib and hesperidin was 
constructed by plotting the concentration versus peak area. 

Figure 3: SEM and TEM analysis

Figure 4: FTIR spectrum of dasatinib, hesperidin, and mixtures

Figure 5: FTIR spectrum of dsatinib and excipients

Figure 6: FTIR spectrum of hesperidin and excipients

Figure 7: FTIR spectrum of SLN

Figure 8: DSC analysis

The response was a linear function of dasatinib concentration 
in the range 25 to 300 µg/mL. The calibration plot’s regression 
equations were determined at a detection wavelength of 323 nm 
(Table 4, Figure 9). No major difference was observed between 
the slopes of calibration plots as mentioned in the integrated 
results(Figure 10).45

Drug Release in-vitro
Releasing pattern of the SLN formulation and the suspension 
is shown in Figure 11. The results showed that for dasatinib 
and hesperidin, 45.5 and 31.4% of the drugs were released from 
the SLN in the first 4 hours, respectively, while 66.5 and 51.8% 
of the drugs were released in the concluding 24 hours. Results 
demonstrated a rapid drug release of substances adsorbed on 
the SLNs’ surface, followed by a ‘sustained release’ of the 
same substances, demonstrating that the substances were 
encapsulated in the ‘lipid core’. In-vitro drug release profile 
data was fitted to Higuchi square root (R2 0.6624), Hixon–
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In-vitro cell viability assay (MTT assay)
As shown in Figure 12, free dasatinib and hesperidin and 
optimized SLN formulation showed comparable cytotoxicity 
outcomes against HL60 human leukemia cell lines. According 
to the IC50 values determined by an independent study, 
dasatinib, hesperidin, and SLN were 33.97, 5158, and 
4.03 µg/mL, respectively. A comparison of SLN and free drugs 
revealed that SLN was more effective at cytotoxicity.

CONCLUSION
In this study, we demonstrate that high-shear homogenizers 
are effective for preparing SLNs containing dasatinib & 
hesperidin for CML, which enhances the cytotoxicity and 
stability of dasatinib and hesperidin while reducing the 
associated toxic effects. The optimized formulation showed a 
narrow size distribution with a PDI of 0.12 and a particle size 
in the range of 162.3 nm based on the 20 run trials. In addition, 
they were able to release both dasatinib and hesperidin 
sustainably, demonstrating that the drugs were encapsulated 
in the lipid core. There was a 93% EE for the SLN. Each of 
the 3 variables X1 (Comprititol), X2 (Poloxamer 188), and 
X3 (Sonication time) had a p-value equivalent to less than 
0.0001, suggesting significant differences in particle size, PDI, 
and EE%. Dasatinib and hesperidin-loaded SLN’s TEM and 
SEM investigation indicated a spherical, round, and physically 
compatible form with a diameter of 200 nm. HL60 cells showed 
comparable cytotoxicity against dasatinib and hesperidin 
when combined with the optimized SLN formulation. A 
study conducted independently determined the IC50 values for 
dwasatinib, hesperidin, and SLN as 33.97, 5158, and 4.03 g/mL, 
respectively. A comparison of SLN and free drugs revealed 
that SLN was more effective at cytotoxicity. Therefore, the 
developed dual-targeted dasatinib and hesperidin demonstrated 
higher sensitivity of cells to the drug entrapped in SLN than the 
drug solution. As a result of the creation of sustained-release 
anticancer medication formulations, this unique method could 
lead to an improved prognosis and an increase in the quality 
of life for patients.
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Figure 9: Typical HPLC chromatogram of dasatinib using a UV-visible 
detector at 323 nm

Figure 10: Integrated results

Figure 11. Release profiles of dasatinib and hesperidin from suspension 
and SLN formulations, in-vitro 

Table 4: Linear regression data for dasatinib and hesperidin calibration 
curves

Conc. of 
dasatinib (mg/L) Peak area (Y)

Conc. of 
hesperidin 
(mg/L)

Peak area (Y)

24.95 20.294 25.00 5.967
49.90 37.408 50.00 10.689
99.80 74.752 100.00 21.723
199.60 146.665 200.00 42.120
249.50 187.316 250.00 53.732
299.40 225.537 300.00 65.778
Intercept (a) 0.36 Intercept (a) 0.04
Slope (b) 0.75 Slope (b) 0.22
R 0.99983 R 0.99957

Equation y= 0.7457x + 
0.3610 Equation y= 0.22x + 

0.04

Figure 12: In-vitro cytotoxicity of Dasatinib & Hesperidin and 
optimized SLN formulation

Crowell cube root (R2 0.7642), Korsmeyer–Peppas (R2 0.9909) 
zero-order (R2 0.6624) and first-order (R2 0.6624) kinetic 
models. The Korsmeyer-Peppas model (highest R2) provided 
a comprehensive explanation for the kinetic modeling of drug 
release from the improved SLN formulation.46
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