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Abstract:

In this study, we aimed to develop Dasatinib/hesperidin-loaded-SLNs for chronic myeloid leukaemia
(CML).Dasatinib/ hesperidin loaded-SLNs were synthesized using a high-shear homogenizer and
optimized by central composite design (CCD). The optimized SLNs had particle size, PDI, and average
entrapment efficiency of 162.3 nm, 0.12, and 93% respectively. Therefore, by enhancing the total
amount ofCompritolas well as sonication time the polydispersity was increased. Poloxamer 188
content had a significant influence in decreasing the polydispersity index and the entrapment
efficiency (EE) of the SLN was found to be 93%. Through TEM, SEM, FTIR, DSC, and HPLC analysis,
SLNs were characterized, and their anticancer efficiency was assessed in both in vitro and in vitro cell
viability tests (MTT).SLNs containing dasatinib and hesperidin have a round and spherical shape with
a diameter of 200 nm, which is shown in figure 2. DSC and FTIR tests showed compatibility between

the drugs and excipients. The drug release from optimized SLN formulation was under observation
for 48 hrs. Approximately, it was observed that 30% of the drug release was done in the first 4 h and
remaining 76% of the founded to be released in the last of 48 h, performing a sustained drug release
pattern of the drug. According to the IC50 values determined by an independent study, Dasatinib,
Hesperidin, and SLN were 33.97 ug/ml, 5158 pg/ml, and 4.03 pg/ml, respectively. A comparison of
SLN and free drugs revealed that SLN was more effective at cytotoxicity. In this study, Dasatinib and
hesperidin-loaded SLNs for chronic myeloid leukaemia (CML) against HL60 human leukemia cell lines
were prepared using a novel formulation approach free of toxic excipients.

Keywords: chronic myeloid leukaemia (CML), dasatinib, Hesperidin, Oral bioavailability, SLN, HL60
human leukemia cell lines.
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Introduction hematopoietic system as well as lower
The myeloproliferative neoplasm (MPN) production of healthy hematopoietic cells.
referred to as chronic myeloid leukemia (CML) These mutations cause the cells to proliferate
andfounded to have an incidence of 1-2 cases or  accumulate by  preventing cell
per 1,00, 000 individuals(1)(2). It s differentiation. In the United States, around
characterized by mutations to the 50% of CML patients are asymptomatic and
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are generally detected through a routine
medical evaluation or medical tests(3). Three
phases of CML can be distinguished: the
accelerated phase (AP), the chronic phase
(CP), and the blast phase (BP). Most patients
(90-95%) manifest with chronic myeloid
leukemia  chronic  phase  (CML-CP)(4).
Advances in targeted therapies via using
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 in
comparison to conventional cytotoxic
chemotherapy(5)(6). As a result, prognostic
stratification and treatment options have
been improved. Thus, novel targeted
therapies for chronic myeloid leukemia (CML)
have received major attention in recent
years(7)(8)(9).

Dasatinib is a second-generation Tyrosine
Kinase inhibitor (TKI) that is taken orally and
has antiproliferative activity against chronic
myeloid leukemia (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)(12)(13).0n  other  hand,
drawbacks ofdasatinib are reportedsuch 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 result
inoral 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 prevent several chronic
diseases and cancer too, resulting in
consuming flavonoid-rich supplements as
food to treat cancer(16). There is an urgent
need for novel effective therapeutics and
treatment strategies due to the continuously
increasing global prevalence of
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malignancies(17). A safe natural compound
such as Hesperidin, which shows strong
anticancer properties, may open up nhew
possibilities in cancer treatment. 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). As a result, researchers are
focusing on overcoming this problem by
developing appropriate delivery systems for
hesperidin.

Solid lipid nanoparticles (SLNs) are composed
of essential solid lipid core holding a
monolayer surfactant shell. In comparison,
SLNs were founded to be a safer option in
contrast with othernanosystems(21). They
tend to overcome some major pitfalls such as
poor stability &lower loadingcapacity
generally encountered with liposomes, &very
possible biotoxicity as well as residualorganic
solvent accompanying with  polymeric
nanoparticle (22). Because of its lipidic
components, SLNfound to solubilize highly-
lipophilic drugs, and have the benefit to hold
them in a much better stable suspension,
evadingusage of large quantity of surfactants
and helps in enhancing
biopharmaceuticalperformance after various
administration routes.Moreover, SLNs allow
the drugs to be targeted via lymphatic system,
concluding in various aids for instance
protection from hepatic first-pass
metabolism, enhanced drug bioavailability
and reduced hepatotoxicity(23).

In this study, we specifically aimed in
developing stable dasatinib and hesperidin-
loaded SLNsfor chronic myeloid leukemia
(CML) using a high-shear homogenizer
method. To our best knowledge, none of the
previous studies have detailed the usage of
coloaded nanocarriers in this way.In contrast,
dasatinib and hesperidin SLNs were effectively
fabricated and optimized via using central
composite design (CCD) with systemic
characterization for entrapment efficiency
(EE%), zeta potential, particle size, FTIR, SEM,
XRD, TEM, and in vitro drug release.
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Moreover, HPLC method development and
MTT assay were conducted.

Materials and Methods

Materials

The precirol ATO and Compritolwere
purchased from  Gattetosse(Saint-Priest,
France), poloxamer188 was purchased from
CDH(New Delhi, India), Hesperidin was
purchased from Wuhan amino acid
biochemicals (Wuhan, China), and
Dasatinibwas provided by Dr. Reddy’s
Laboratory Ltd (Hyderabad, India). Other
materials used in this study were of standard
analytical quality (HPLC grade).

Preparation of SLN:

SLN was prepared using the high-shear
homogenizer method. Briefly, 0.2-
1.5%(w/v)Compritol-188 was melted at 50 °C
(oil phase). Then, dasatinib and hesperidin
were added to this oil phase and stirred on a
magnetic stirrer (Remi Instruments Ltd.,
Mumbai, India) at 600 rotation per minute
(rpm) for about 15 mins. Obtained emulsion
was injected into a 100 ml aqueous solution
containing 5 % (w/w) poloxamer 188 while
being homogenized (IKA T 25D, Germany) at
20,000 rpm for 10 min & was sonicated using

a probe sonicator to obtain the desired
nanoscale(24).

Experimental Design for the optimization of
SLN:

Central composite design (CCD) (Design
Expert® software, version 13)was used to
optimize the dasatinib/hesperidin-loaded SLN.
The experimental design for formulation
development is the fundamental factor for
constructing the preliminary screening of the
experiment. For the optimization of the
process, a twenty-run, 3-factor, 3-level central
composite design was utilized to reduce the
number of runs with 3/4 variables. Using
Design-Expert Software 13th, we were able to
examine the quadratic response surface as
well as constricting second-order polynomials.
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 &
interactions of the formulation ingredients
used, as well as permit us to optimize the
formulation.(25) Based on the design, a linear
guadratic model was produced, as shown in
Table 1.

Table :1 CCD independent variables with dependent variables and their actual levels with their

constrains.
FactorsCoded Levels
Independent variable Low (-1) Medium (0) high(+1)
X,= Campritol (%) 0.2 0.85 1.5
X2= Poloxamer (%) 1 3 5
X3=Sonication time (min) 1 5.5 10

Dependent variables

Constraints

Y= Particle Size (nm)

(100-200)

Y,= Polydispersity Index (PDI)

Minimum

Ys= Average Entrapment Efficiency(%) Maximum

Analysis of experimental data using Design
Expert

Analysis of experiment results was carried out
using DesignExpert software (13%™), providing
valuable information, and reinforcing
statistical design's utility. In Table 2, we
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looked at the effects of Compritol, Poloxamer
188, & sonication time on the entrapment
efficiency, particle size and polydispersity
index (PDI)(26).

On the basis of estimated statistical
parameters like adjusted multiple coefficient,
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predicted residual sum of squares andmultiple
correlation coefficient were generated by
Design-Expert Software, polynomial equations
were generated that involveskey effect &
interaction factors. Using, ANOVA provision in
the software, we validated polynomial
equation statistically.

Physical Characterization of SLN

Particle size, Polydispersity Index, and Zeta
potential

Suitable dilutions of nanodispersion were
performed with water for zeta potential, size
determination, as well as PDI measurement at
25+1°C by using Nano 2S (Malvern
Instruments Ltd., Worcestershire, UK)(27).
Morphology studies

Transmission Electron Microscopy (TEM)

The optimized SLN was diluted 10 times with
Milli Q water before placing a drop of the
sample solution onto the cu-grid and allowing
it to dry at room temperature. The prepared
sample was stained with 1% phosphotungstic
acid for better visibility, and the TEM
photomicrographs were taken with the ((TEM)
(Tecnai G2  S-twin, FEl, Netherland)
instrument(28).

Scanning Electron Microscopy (SEM)

Took an appropriate amount of optimized
sample solution and placed a drop on a
carbon-coated Cu-grid using a gold sputter
module in a high vacuum evaporator. SEM
photomicrographs were taken at an exciting
voltage of 10Kv using the (SEM) (EVO LS 10
Zeiss, Carl Zeiss INC., Germany)(29).
Physiochemical characterization
Fourier Transform
Spectrophotometric (FTIR) 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 400-4000
cm™(30).

Differential scanning calorimetry (DSC)
analysis

Five milligrams(5mg) 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 40-400°C with given (10°C/min) heating

Infrared
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rate. This study was executed using the
Differential scanning calorimeter (DSC), model
DSC6 instrument.

HPLC analysis

The RP-HPLC was used for the quantification
of hesperidin and dasatinib by using the
zorbax eclipse xdb c-8 (250 x 4. 6 mm, 5um
particle size) or equivalent with given (1.0
ml/min) flow rate with a column oven
temperature of 30 °C. The mobile phase was
a mixture of methanol and phosphate buffer
(2.75 g potassium dihydrogen phosphate
KH2PQO4 in 1000 ml milli-Q water) (48:52) & the
pH was adjusted to 4.5. After 15 minutes, the
10ul samplewas injected and scanned at 280
nm and 323 nm(31).

Preparation of standard: 1000 ppm was
achieved by taking the 10mg in a 10 mL
standard flask, with the remaining volume
being made up with DMSO. For further
dilution use methanol. Vortex the sample for
10 mins and then sonicate for 10 mins. Filter
and inject the samples onto HPLC

Preparation of sample: Added 1 mL of DMSO
to 500 mg of sample in a 2 mL Eppendorf
tube. Vortex, sonicate, and centrifuge for 10
minutes at 14000 rpm as previously
mentioned. 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.
Encapsulation Efficiency

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 further
added 1 mL of H20. Followed the same for
vortexing, sonication, and centrifuging. Took
the upper layer, filter it, and inject it onto
HPLC for analysis.

Invitro Drug release

Invitro drug release of the optimized
formulation was evaluated for 24 h of
preparation under the sink conditions. Briefly,
add the optimized SLN dispersion to the
dialysis bag and sealed both ends, placed the
bag in the beaker containing the Phosphate
buffer (pH 6.8) on the magnetic stirrer at a
controlled temperature of 37 £ 0.5°C with 100
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rom of speed. After the different time
intervals, 0, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 24hrs,
samples were withdrawn and analyzed by
HPLC(32).

In vitro cell viability assay (MTT assay)

Cell viability testing was done using MTT on
the HL60 Human leukemia cell line to observe
the cytotoxic potential of dasatinib and
hesperidin-loaded solid lipid nanoparticles.
Briefly, cells were seeded in a 96-well flat-
bottom microtiter plate at a density (p) of
1104 cells/well & incubated for 36 h to grow
& attach(33). Afterward, dasatinib and
hesperidin-loaded solid lipid nanoparticles

were added at different concentrations (50 pg
to 0.1 pg/ml) and incubated for 36 h. After 36
h, medium was superseded with fresh
medium  &furthermore, the cells were
incubated with 20 pl of MTT (5 mg/ml in PBS)
for 4 h at 37°C. Moreover, Formazan crystals
were dissolved in Dimethyl sulfoxide (DMSO),
which was further produced via mitochondrial
reduction of MTT (150 L/well) & was
computed by reading the absorbance at 540
nm on the Mark microplate reader (Bio-Rad)
below equation was used for the
calculation(34)

%Viable CEHS = (Astample - Absb|ank)/(AbS(;ontro|—Absb|ank)* 100%

Result & Discussion
Preparation of SLN by CCD approach
20 experimental runs, 3 levels of central

composite design were employed to buildthe
polynomial models for optimization of
formulation as mentioned in Table 2.(35)

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

Run A: Solid Lipid B: Surfactant C: Sonication Responsel Response 2 Response 3
%(w/w) %(w/w) Time(min) Particle Size PDI %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
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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 15 5 10 265 0.934 68

Physical Characterization of SLN

Effect of the variable on particle size (Y1)

As per the obtained result of the experiments,
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:

Particle Size (Y1) +179.74.60= 19.11A+5.75B-
1.47C+22.68AB+3.00AC+0.377BC-8.21A? -
7.41B% -14.84C

The main effect of Y1, Y, and Ys; represents
average result of altering 1 variable at a time
from its lower level to its higher level. The
positive coefficients show us a favorable
effect on size. Whereas, negative coefficients
before independent variables are indicating
an unfavorable effect on the size.
Investigating these mentioned coefficients in
the above 2"order polynomial mode is shown
in Figure 1(i) graph.

Moreover, modelF-value for full quadratic
particle size of nanoparticles was 20.69,
indicating the linear response surface and
guadratic 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(36).

Effect of the variable on Poly Dispersity Index
(Y2)

As per the obtained results from the
experiments, the particle size value varies
from Poly Dispersity Index (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&
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-
0.0581A% +0.3830B? -0.1594C>

The “Model F-value” of 14.00 implies the
model is significant as mentioned in Table 3.
There was only a 0.05% chance that a “Model
F-value” this larger could occur due to noise.
Figure 1 (ii) showed the influence of different
variables on PDI. On increasing the amount of
Compritol and sonication time the
polydispersity was increased. Poloxamer 188
content had a significant influence in
decreasing the polydispersity index.

The Effect on Encapsulation Efficiency (Ys)
Encapsulation Efficiency willdemonstrate the
preparative efficiency of Compritol
formulation. For EE, p-values of X;
(Compritol), X, (Poloxamer 188), and Xs
(Sonication time) were all < 0.0001, signifying
that  these  variables  hadnoteworthy
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.
Following equation showedthat the
relationship between above mention factors
& Encapsulation Efficiency(35).

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

The “Model F-value” of 8.53 infers the model
wasvital. There was only 0.15% chance that a
“Model F-value” could be this large due to
noise. Figure 1 (iii) showed the influence of
different variables on entrapment efficiency.
On enhancing the quantity of Compritol&
sonication time the entrapment efficiency was
decreased. Surfactant contents did not have a
significant influence in increasing the
entrapment efficiency.

Table 3: ANOVA results for Quadratic model
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Response F-value P-value Mean AdjustedR? PredictedR? Remarks
square

Particle size (Y1) 20.69 <0.0001 2455.77 0.9032 0.6102 Significant
Poly Dispersity 14.00 <0.0001 0.1540 0.8603 0.4838 Significant
Index (Y2)
Encapsulation 22.35 <0.0001 245.87 0.9100 0.5098 Significant
Efficiency (Y3)

s 3D Surface s 30 Surface .,,,;—:.:.,;.;]l'm D

e

(i) particle size

(ii)Poly Dispersity Index

(iii)Encapsulation

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

Particle size and Polydispersity Index.

As shown in Table 2, all formulations ranged

Efficiency

formulation showed particle size in a range of

in particle size from 145 to 265 nm and PDI 1.
from 0.125 to 0.934. This optimized
(A) Results
20
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=

0-t T T
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100
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Zeta Potential (mV): -8.20
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Result quality :

g
g

Total Counts

100000

(B)

Mean (mV)

Peak 1: -8.20
Peak 2: 0.00
Peak 3: 0.00

Zeta Potential Distribution

162.3 nm with PDI of 0.12, as shown in figure

3119

1

Te+04

Apparent Zeta Potential (mV)

Record 2348: SLN 1

Area (%) St Dev (mV)
100.0 6.33
0.0 0.00
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Figure 2: (A) Particle size and (B) zeta potential of the optimized dasatinib-hesperidin SLN.

Scanning  Electron
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Microscopy

(SEM)

Morphology studies
&
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Transmission Electron Microscopy (TEM) were
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utilized for studying morphology of dasatinib
and hesperidin-loaded SLN, showed a round

and spherical shape with 200 nm in diameter

as mentioned in figure 2.

£1,208  18¢n WO18

Figure 3: SEM and TEM analysis

Physiochemical characterization

Fourier Transform Infrared
Spectrophotometric (FTIR) analysis

FTIR spectra of Drugs (dasatinib&hesperidin),
and a mixture of drugs are mentioned in Figure

3, other IR spectra of dasatinib-excipients
mixtures are mentioned in figure 4 and IR
spectra of hesperidin-excipients mixtures are
mention in Figure 5 and the final spectra of SLN
formulation is mention in Figure 6.

Dasatinib 26022022-00
80
=
* AN
100 Hesperidin 26022022
5 &
60
100 Mixture of Dasatinib and Hesperidin
=
# B

4000 3600 3000 2600 2000 1600 1000 600

Wavenumbers (cm-1)

Figure 4: FTIR Spectrum of Dasatinib, Hesperidin, and mixtures
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Figure 5: FTIR Spectrum of Dsatinib and Excipients
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Figure 6: FTIR Spectrum of Hesperidin and Excipients
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Figure 7: FTIR Spectrum of SLN
calorimetry (DSC) The endotherm of Dasatinib, Hesperidin, and
optimized SLN and their typical curve is shown
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in figure 7. The absence of Dasatinib&
Hesperidin peaks in optimized SLN formulation

of Dasatinib and Hesperidin Loaded Nano formulation for Cancer

indicates that the drug was successfully loaded
in the lipid core.

r . S
T T nt¢gral -605.28 mJ :
normalized -60.71 Jg”-1 Sample: Hesporidin , 9.9700 mg
q Onset 237.06 °C
N—
Integral -404.24 mJ
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mwW Onset 285.65 °C
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b X
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Figure 8: DSC Analysis

HPLC analysis

The calibration curve for Dasatinib&
Hesperidin was constructed by plotting the
concentration versus peak area (Fig 8 (a & b)).
The response was a linear function of Dasatinib
concentration (R>) in the range of 25-300
(ug/ml) (Fig 8(a)). The regression equation for
the calibration plot was y= 0.7457x+0.3610,

detected at 323 nm (Table 4 (a)). The
representative linear regression equation for
Hesperidin was y= 0.22x+0.04 (Table 5 (b)) in
the range of 25-300 (ug/ml) (Fig 8). There was
no major difference was observed between
the slopes of calibration plots as mentioned in
the integrated results in Figure 9(37).

Calibration Plot Dasatinib — e

peran Froos T v 1

o, Dasalnb Exiornal

L

k2

Figure 9: Typical HPLC chromatogram of Dasatinib using a UV-visible detector at 323 nm

Table 4: Linear regression data for (a) Dasatinib& (b) Hesperidin calibration curves

Concentration (mg/L)

Dasatinib Peak Area (Y)
24.95 20.294

49.90 37.408

99.80 74.752
199.60 146.665
249.50 187.316
299.40 225.537
Intercept (a) 0.36

Slope (b) 0.75
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IR | 0.99983 \
Concentration (mg/L)

Hesperidin Peak Area (Y)
25.00 5.967

50.00 10.689
100.00 21.723
200.00 42.120
250.00 53.732
300.00 65.778
Intercept (a) 0.04

Slope (b) 0.22

R 0.99957
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Integration Results
No. |Peak Name Retention Time Area Area Relative Area | Asymmetry (EF) | Plates (EF)
min 323 280 %
1 Hesperidine 4123 1.131 5967 546 1.08 6582
2 Dasatinib 13.103 19,602 3364 04 54 1.21 6352
Total: 20.733 9.3 100.00 2.29

Figure 10: Integrated Results

Invitro Drug release

Releasing pattern of the optimized SLN
formulation and suspension is shown in Figure
9. The results showed that for dasatinib and
hesperidin, 45.5 percent and 31.4 percent of
the drugs were released from the SLN in the
first 4 hours, respectively, while 66.5 percent
and 51.8 percent of the drugs were released
in the concluding 24 hours. Representing
burst release of drugs adsorbed on the
surface of SLNs, followed by sustained drug

eISSN1303-5150

release, confirming that the drugs were
encapsulated in the lipid core. In vitro drug
release profile data was fitted to Higuchi
square root (R? 0.6624), Hixon—Crowell cube
root (R? 0.7642), Korsmeyer—Peppas (R?
0.9909) zero-order (R? 0.6624) and first-order
(R? 0.6624) kinetic models. Kinetic modelingof
drug release of the optimized SLN formulation
was explained thoroughly by the Korsmeyer—
Peppas model (highest R?)(38).

www.neuroguantology.com

3124



NeuroQuantology| | November 2022 | Volume 20 | Issue 19 |Page 3113-3128| doi: 10.48047/nq.2022.20.19.NQ99271
Moinuddin et al/ Development, Characterization, and Preclinical Evaluation of Dasatinib and Hesperidin Loaded Nano formulation for Cancer

100

90

80

70

60

50

40

30

% Cumulative drug release

20

10

0 5 10
Time (hour)

n_I_

—— Dasatinib from Suspension

—— Dasatinib from SLN
Hesperidin from Suspension
Hesperidin from SLN

15 20 25

Fig. 11. In vitro drug release profiles of dasatinib and hesperidin from suspension and
SLNformulations.

In vitro cell viability assay (MTT assay)

As shown in figure 10, free Dasatinib&
Hesperidin and optimized SLN formulation
showed comparable cytotoxicity outcomes
against HL60 Human leukemia cell lines.
According to the IC50 values determined by

100
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40

% Cytotoxicity

0
1 pg/ml 5 pg/ml

10 pg/ml

an independent study, Dasatinib, Hesperidin,
and SLN were 33.97 pg/ml, 5158 pug/ml, and
4.03 pg/ml, respectively. A comparison of SLN
and free drugs revealed that SLN was more
effective at cytotoxicity.

30
20 I
0 I i

— - || .

50 pg/ml 100 pg/ml 1 mg/ml

Concentration/ml

B % Cytotoxicity D

B % Cytotoxicity H

% Cytotoxicity Formulation

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

Conclusion

In this study, we demonstrate that high-shear
homogenizers are effective for preparing SLNs
containing Dasatinib& hesperidin for chronic
myeloid leukemia (CML), which enhanced the
cytotoxicity and stability of Dasatinib and

eISSN1303-5150

hesperidin while reducing the associated toxic
effects. Based on the 20 run experiments, the
optimized formulation demonstrated particle
size in a range of 162.3 nm, with a PDI of 0.12,
with a narrow size distribution. In addition,
they were able to release both Dasatinib and
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Hesperidin in a sustained manner,
demonstrating the fact that the drugs were
encapsulated in the lipid core. There was a
93% entrapment efficiency (EE) for the SLN.
Each of the 3 variables X; (Comprititol), X;
(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%. TEM and SEM analysis of
dasatinib- and hesperidin-loaded SLN revealed
a round and spherical shape with a diameter
of 200 nm and physical compatibility. HL60
cells showed comparable cytotoxicity
againstdasatinib and  hesperidin  when
combined with the optimized SLN
formulation. A study conducted
independently determined the IC50 values for
Dasatinib, Hesperidin, and SLN as 33.97 g/ml,
5158 g/ml, 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&Hesperidin demonstrated higher
sensitivity of cells to the drug entrapped in
SLN than the drug solution. This novel
approach may result in improved prognosis
with an improvement in the life quality of
patients as a result of the development of
sustained release formulations of anticancer
drugs.
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