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ABSTRACT

Objective: The study aims to formulate and optimize daidzein-conjugated folic acid solid lipid nanoparticles (DZN-FA SLNs) to improve bioavailability
and target site specificity for the treatment of colon cancer, a significant global health concern associated with high morbidity and mortality.

Methods: DZN-FA SLNs were prepared using the microemulsion method. They were prepared and optimized using design expert software. Physicochemical
characterization like differential light scattering (DLS), Fourier transformed infrared spectroscopy (FTIR), scanning electron microscope (SEM), In vitro drug
release and In vitro cell line studies and accelerated stability studies were carried out in the optimized batch formulation.

Results: The results indicated that particle size for optimized DZN-FA SLNs was in the range of 212 to 620 nm, zeta potential of-20 mV, drug
entrapment efficiency of 72%. In vitro drug release for the prepared formulation showed 53% over 48 h.

Conclusion: The optimized DZN-FA SLNs could aid in a better formulation targeting colon cancer cells, thereby reducing systemic effects. The
optimized DZN-FA SLNs have demonstrated excellent inhibitory properties on Caco-2 cells, with an ICso value of 10 pg/ml, offering a promising

innovation in cancer treatment by providing targeted and effective therapy for colon cancer while minimizing the impact on normal cells.
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INTRODUCTION

Colon cancer is a lethal malignancy with confined treatment strategies.
In 2020, colon cancer accounted for 1.93 million new cases and
9,40,000 deaths worldwide, making it the third most common cancer
and second leading cause of cancer-related mortality globally [1].
Although chemotherapy is widely used in the treatment, various
reports show that it causes systemic toxicity, lack of specificity and
bioavailability, which limits its treatment, attacking both healthy cells
and cancer cells and causing systemic toxicity to the patients [2].
Conventional cancer therapy typically involves non-specific anti-
neoplastic agents that affect both cancerous and healthy cells. To
enhance drug delivery to cancer cells while minimizing toxicity to
adjacent normal cells, improved targeting moieties and the
development of drug resistance over time are required. This approach
aims to reduce systemic toxicity and mitigate undesirable side effects.
Hence, there is a pressing need for novel strategic approaches to
enhance drug delivery and target cancer cells more effectively [3].

Daidzein, a natural flavonoid, has received significant attention due
to its potential anticarcinogenic and antiproliferative effects and
possible role in many signal transduction pathways [4, 5]. A possible
mechanism involves inhibitory effects on tyrosine kinases and DNA
topoisomerases, induction of apoptosis, and modulation of signal
transduction pathways like PI3K/Akt and Wnt/B-catenin [6].
Daidzein, a poorly water-soluble drug, presents a challenge in drug
transport to the systemic circulation and the site of action, resulting
in limited pharmacological effects and poor bioavailability [7]. This
is a significant concern for formulation scientists. Solid lipid
nanoparticles (SLNs) will be developed to overcome these issues as
they are biodegradable, offer low toxicity, low dosage requirement,
overcome first-pass metabolism, enhance orally administered drug
reaching into the systemic circulation, and exhibit sustained drug
release at periodic intervals [8]. Active targeting of anticancer agents
leverages specific interactions between receptors present
abundantly on the surface of tumor cells and ligands attached to the

polymer backbone [9]. This approach capitalises on the enhanced
permeability and retention (EPR) effect and significantly improves
the therapeutic index by facilitating receptor-mediated tumor-cell
uptake [10, 11]. Many studies have indicated folate receptor
overexpression in colon cancer cells, but its expression is limited to
the apical surface of epithelial cells in normal tissues [12]. Hence,
folate-conjugated nanoparticles will be prepared so that on reaching
their targeting site, they bind to its receptors and enhance drug
accumulation at cancerous tissues thereby, receptor-mediated
endocytosis occurs [13, 14].

This study aims to optimize prepared SLNs using statistically
experimental design methodology using Box-Behnken design using a
three-factor two-level design employing independent variables such
as solid lipid ratio, surfactant concentration and homogenization
speed on dependent variables: particle size and entrapment
efficiency to study the effect of formulation components on
responses and exploring quadratic response surface plots and study
their physicochemical characterisation properties [15, 16].

MATERIALS AND METHODS
Materials

Daidzein was purchased from Sigma Aldrich (Mumbai, India), stearic
acid, pluronic F-127, and Tween 80 from Himedia Labs (India). EDC
and NHS were procured from Merck Co. (Darmstadt, Germany), and
folic acid was procured from Sigma-Aldrich (St Louis, MO, USA). All
the reagents and chemicals used in the study were of analytical grade.

Preparation of daidzein solid lipid nanoparticles (SLNs)

A microemulsion technique was employed for the preparation of
daidzein solid lipid nanoparticles. Briefly, the organic phase
containing solid lipid stearic acid (250 mg) was heated at 65 °C in a
water bath. Daidzein drug dissolved in ethanol (10 ml) was added to
the organic phase. The heated aqueous phase containing pluronic F-
127 dissolved in 30 ml distilled water was added to the organic
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phase dropwise, forming W/O emulsion, after which this hot
microemulsion was dispersed in an ice bath and subjected to high
shear homogenizer at 10,000 RPM. Later, the solution was subjected
to probe sonication for 30 min with 28% amplitude, centrifuged and
the resultant supernatant was mixed with 5% mannitol, freeze-dried
and lyophilized [17].

Conjugation of folic acid to solid lipid nanoparticles

A regular procedure involved dissolving 20 mg of folic acid (FA) in 8
ml of 1 PBS buffer at pH 7.4, forming a clear yellow solution. 4 ml of
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an aqueous solution containing 0.0260 g (0.1356 mmol) of EDC and
0.0156 g (0.1355 mmol) of NHS was added to activate the FA
solution. This activated FA solution was subsequently conjugated to
the surface of stearic acid-containing solid lipid nanoparticles. The
mixture underwent 24 h of sonication at room temperature. The
solution was then dialysed using a membrane with a molecular
weight cutoff (MWCO) of 1000 Da in deionised (DI) water for 24 h to
eliminate excess FA. The resulting product was subsequently
subjected to lyophilization, yielding a yellow powder product with
an approximate yield of 40% [18].

OH

=

DZN-FA SLNs

+

HO

Stearic acid

Fig. 1: Schematic illustration of daidzein conjugated folic acid solid lipid nanoparticles

Statistical experimental design

The formulation optimization used Design-Expert software (Design
Expert 13, Stat Ease Inc., Minneapolis, USA). Solid lipid (X1),
surfactant (X2), and homogenization speed (X3) were chosen as
independent variables, with low, medium, and high values assigned
based on their significant influence on critical material attributes
(CMAs), impacting particle size (Y1) and entrapment efficiency (Y2).
The coded values of independent variables were tabulated in table 1.
This design explores independent variables main effects and
potential interactions on formulation characteristics, aiming to
maximise entrapment efficiency and minimise particle size. Box-
Behnken was selected because it was efficient and required fewer
runs than the central composite design. ANOVA was used for

statistical validation and to generate polynomial equations provided
by design expert software [19-21].

The response generated after inputting variables was fit into various
models like linear, quadratic, cubic and 2FI. Significance was
determined with a P-value below 0.05. Design Expert software
generated 3D response plots through a comprehensive grid search
across the experimental region. Experimental values were
quantitatively compared to the predicted values obtained from these
response plots. Data was analyzed using Design Expert software
version 13.0 to get polynomial equations, and model evaluation
involved assessing statistical coefficients and R? values. 3D surface
plots were employed to visualize the relationships between
variables and responses.

Table 1: Variables and their levels for preparation of daidzein conjugated folic acid solid lipid nanoparticles

Variables Level of variables
Independent variables (Uncoded) Coded Coded level Low Medium High
Solid lipid (mg) A -1 250 500 750
Surfactant (%) B 0 1 1.5 2
Homogenization speed (RPM) C 1 5000 7000 10000
Dependent factors Constraints

Particle size(nm) (Y1) Minimum

Entrapment efficiency (%) (Yz) Maximum

Analysis of particle size, zeta potential and polydispersity index

All samples were diluted in a 1:10 ratio with millipore water and
filtered through a 0.45 pum membrane filter to get optimal counts.
Particle size, zeta potential and PDI were measured using an Anton
Paar Litesizer 500(Malvern instrument, UK) at a scattering angle of 90
°C. The diluted dispersion was placed in a polystyrene cuvette with a
path length of 10 mm and allowed to equilibrate for 120 seconds [22].

Drug entrapment efficiency

The percentage entrapment efficiency (%EE) of the optimized
Daidzein conjugated folic acid nanoparticles (DZN-FA SLNs) was
determined using the ultracentrifugation method. A 10 ml SLN

dispersion was centrifuged at 15,000 rpm for 30 min at room
temperature using equipment from Remi Instruments Pvt. Ltd, India.
% EE was calculated as the difference between the total drug used in
SLN preparation and the drug found in the supernatant, measured at
Amax 248 nm using a Shimadzu 1800 UV-spectrophotometer [23].

DZN (total drug)—DZN (free drug)
DZN (total drug)

x 100

% Entrapment efficiency =

FTIR spectroscopy analysis

Infrared spectra of pure drug and combination with excipients (solid
lipid, surfactant) and conjugation (EDC and folic acid) were assessed
to find out possible interactions in optimized formulation with the
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Perkin Elmer instrument (Perkin Elmer, USA). Powder samples were
scanned over a range of 700-4000 cm-1.

SEM analysis of prepared SLNs

The prepared solid lipid nanoparticle samples were examined for
the morphological studies (size and shape) using a high-resolution
scanning electron microscope (ZEISS SIGMA VP Scanning Electron
Microscope) at 30 kV. To prepare the samples for observation, they
were affixed to mounts using double-sided adhesive tapes and
coated with a layer of gold-palladium alloy (150-200 A °). The SEM
was operated at a 30 KV acceleration voltage, with a working
distance between 12-14 mm. The samples were observed at a
magnification between 350x and 1500x [24].

In vitro drug release

DZN-FA SLN drug release was done using a dialysis bag (MWCO 12-
14kDa) method in pH 7.4 PBS. The dialysis bag retained SLNs, allowing
free drugs to dissolve in the media. Before the experiment started, the
dialysis bag was soaked in double distilled water for 24 h. Ten
millilitres of DZN-FA SLNs were placed in the bag and then sealed at
one end. The bag was immersed in the beaker with 50 ml of fluid on
a magnetic stirrer at 37 °C (100 rpm). Drug samples (1 ml) were
withdrawn at various time points (0.5, 1, 2, 3, 4, 8, 24, 48 h), and
fresh dialysis medium was added to uphold sink conditions, and
then the filtrate was analyzed using a UV spectrophotometer at a
wavelength of 248 nm [25].

In vitro cell viability assay-MTT assay

Caco-2 cells were cultured in RPMI-1640 with 10% FBS, 1%
penicillin-streptomycin, and 2g/l sodium bicarbonate at 37 °C in a
humidified atmosphere. The cytotoxicity of DZN-FA SLNs was
evaluated using MTT assay. Briefly, cells were seeded at a density of
5x103cells/well in a 96-well plate and were treated with different
concentrations (0, 10, 20, 30, 40, 50pg/ml) of DZN, DZN-SLNs and
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DZN-FA SLNs (dissolved in 0.5% DMSO0) and blank. After treatment,
medium was removed and 50 pl of 5 mg/ml MTT in PBS was added.
Following 4h incubation at 37 °C, formazan crystals were dissolved
in DMSO, and absorbance was measured at 570 nm using a
spectrophotometric microplate reader (ELx 800, Biotek, CA).

Stability studies

To assess the stability and physicochemical properties of the
formulation, the optimized DZN-FA SLNs underwent a stability study
in triplicate. They were stored at three conditions: 4+2 °C, 252
°C/60+5% relative humidity (RH) and 40+2 °C/75+5% RH in a
stability chamber (Remi Instruments Ltd). Parameters like particle
size, zeta potential, PDI, % EE and % drug release were quantified at
1, 3 and 6 mo intervals.

RESULTS AND DISCUSSION

Enormous research has been carried out to develop SLNs using
various techniques. In this study, we employed the process of
microemulsion followed by high shear homogenization and probe
sonication for preparing SLNs in a simple, reliable and economical
way. The microemulsions are formed when heated to a temperature
higher than the melting point of lipid, thus allowing to combine with
aliquid that is solid at room temperature.

Optimization of SLNs by box-behnken design

13 runs were generated using Box-Behnken design in Design Expert
software. These runs involved different independent variables and
responses at various levels (low, medium, high), focusing on
optimizing solid lipid nanoparticles key variables with a goal of
small particle size and high entrapment efficiency. Linear and 2FI
models were found to best-fit models for the dependent variables.
The results of the 13 experimental runs for the DZN-FA SLNs,
regression analysis summary for responses, and ANOVA for the
response models (R1, R2) are enlisted in tables 2-5.

Table 2: Observed responses of 13 run experimental designs according to box-behnken design

Factor 1 Factor 2 Factor 3 Response 1(Y1) Response 2 (Y2)
Run A:solid lipid(%w/w) B: Surfactant C: Homogenization Particle Entrapment
concentration (%) speed(rpm) size(nm) efficiency (%)
1 0.5 1.25 9000 212+0.88 57.92+1.45
2 2 1.25 3000 596+1.32 53.45+1.43
3 0.5 0.5 6000 455+0.44 48.82+0.88
4 0.5 2 6000 308+1.64 61.27£0.21
5 2 2 6000 444+0.81 68.42+1.56
6 1.25 0.5 9000 408+1.45 51.99+0.53
7 0.5 1.25 3000 480+1.53 48.92+1.42
8 2 1.25 9000 388+0.86 65.91£1.85
9 1.25 2 9000 256+0.32 71.66+0.32
10 1.25 0.5 3000 620+2.11 45.88+0.78
11 1.25 2 3000 486+1.32 56.44+0.11
12 2 0.5 6000 579+1.55 51.66+£1.43
13 1.25 1.25 6000 433+0.63 55.43+£1.77

Values are in mean+SD, n=3

Effect on particle size

The formulation was run for 13 runs. Particle size ranged from 212
to 620 nm for various factor levels. The independent factors
affecting particle size were solid lipid ratio (% w/w), surfactant
concentration (%) and homogenization speed (rpm) (p<0.001, table
3 and fig. 2). In a polynomial equation, a positive sign indicates a
synergistic relationship, where the variables interact positively to
have a greater combined effect. On the other hand, a negative sign
indicates an antagonistic relationship, where variables interact
negatively, resulting in a combined effect that is less than the sum of
individual effects. The best-fitting model was found to be a linear
model. The effect of particle size can be equated using the following
quadratic equation:

Particle size (Y1) =+435.77+69A+71B-114.75C+3A+15AC-4.50BC . Eq.1

The model F value of 90.19, with a significance level (P<0.0001),
confirmed its significance. In this case, model terms A and B were
significant model terms. Positive coefficients of B and C indicated a
synergistic effect on particle size, while negative coefficients of C and
BC indicated an antagonistic effect on particle size. The predicted R2
of 0.9638 aligns reasonably well with adjusted R2? of 0.9781,
indicating model suitability for prediction of particle size. The 3-
dimensional response surface plots showed the impact of different
formulation variables on particle size (Y1). The average particle size
ranged between 212 to 620 nm, which determined comprehensive
effects as an increase in solid lipid ratio and surfactant ratio
increased particle size, while the increase in surfactant
concentration and homogenization speed caused a reduction in
particle size. The effect of particle size on various factors has been
illustrated in fig. 2.
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Fig. 2: 3D response plots showing the effect of independent variables on particle size

Effect on entrapment efficiency

According to results obtained from experiments performed on 13
runs, entrapment efficiency varied from 45-71%. It was mainly
influenced based on independent variables (P<0.0001). The
polynomial equation (Eq 2) shows that all the independent variables
have positive impacts on entrapment efficiency, which can be
depicted below.

EE(Y2) =+56.75+2.81A+7.43B+5.35C+1.08AB+0.8650AC+2.28BC. Eq.2

The model F value of 135.82 revealed that the model was
statistically significant (P<0.0001). Model terms A, B, C, AB, AC, and
BC were significant in this case. The positive effect was shown on all
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the coefficient variables, indicating a synergistic effect. The best-
fitting model for entrapment efficiency was the 2FI model. The
predicted R? of 0.9692 is in reasonable agreement with the adjusted
R2 of 0.9854, confirming the models suitability for predicting
entrapment efficiency. Additionally, 3D response surface plots
visually illustrate how various formulation variables impact
entrapment efficiency (Y2). The entrapment efficiency ranged
between 45-71%, which determined positive impact effects as an
increase in solid lipid ratio and surfactant ratio increased
entrapment efficiency. At the same time, an increase in surfactant
concentration and homogenization speed also caused an increase in
entrapment efficiency. The effect of entrapment efficiency on various
factors has been illustrated in fig. 3.

Entrapment efficiency

A solid lipid

€ homogenization speed

Fig. 3: 3D response plots showing the effect of independent variables on entrapment efficiency

Variable interaction and point prediction

The degree of variation from independent variables and their
responses were evaluated by perturbation plots, which indicate that
an increase in solid lipid and surfactant causes an increase in

particle size. In contrast, the increase in homogenization speed and
solid lipid ratio causes a decrease in particle size (fig. 2). Similarly,
an increase in solid lipid ratio caused an increase in entrapment
efficiency. An increase in homogenization speed and surfactant ratio
caused an increase in entrapment efficiency (fig. 3). The software
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point prediction was employed to optimize both particle size and
entrapment efficiency. The formulations best-fit the criteria were
selected and optimized to achieve minimal particle size and
maximum entrapment efficiency. The low % prediction error values
validated the obtained polynomial equations and demonstrated the
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applicability of response surface methodology (RSM). Therefore,
optimizing software has given values for solid lipid as 1%(w/w),
surfactant concentration as 1(%), and 5500 rpm. Estimated particle
size and entrapment efficiency for optimal SLN preparation were
260 nm and 75%, respectively.

Perturbation

75—

Entrapment efficiency

a5

T T T T

1.000 0500 0.000 0500 1000

Deviation from Reference Point (Coded Units)

4(b)

Fig. 4: (a) perturbation plots on particle size, (b) Perturbation plots on entrapment efficiency

Table 3: Analysis of variance for the

response particle size (R1)

Source Sum of squares df Mean square F-value p-value
Model 1.85E+05 6 30795.58 90.19 <0.0001 significant
A-solid lipid 38088 1 38088 111.54 <0.0001
B-surfactant conc 40328 1 40328 118.1 <0.0001
C-homogenization speed 1.05E+05 1 1.05E+05 308.49 <0.0001
AB 36 1 36 0.1054 0.7564
AC 900 1 900 2.64 0.1556
BC 81 1 81 0.2372 0.6435
Residual 2048.81 6 341.47
Cor total 1.868E+05 12

Table 4: Analysis of variance for the response entrapment efficiency (R2)
Source Sum of squares df Mean square F-value p-value
Model 762.23 6 127.04 135.82 <0.0001 significant
A-solid lipid 63.34 1 63.34 67.72 0.0002
B-surfactant conc. 441.64 1 441.64 472.17 <0.0001
C-homogenization speed 228.87 1 228.87 244.69 <0.0001
AB 4.64 1 4.64 4.97 0.0674
AC 2.99 1 2.99 3.2 0.1239
BC 20.75 1 20.75 22.18 0.0033
Residual 5.61 6 0.9353
Cor Total 767.85 12

Table 5: Summary of the results of regression analysis of responses

Model R? Adjusted R? Predicted R? Adequate precision  SD % CV Remark
Response (Y1)
2FI 0.0001 0.9781 0.9389 28.0241 18.48 4.24
Linear 0.9836 0.9781 0.9638 36.2869 18.46 4.24 Suggested
Quadratic 0.9985 0.9941 0.8533 48.0955 9.57 2.2
Response (Y2)
2FI 0.9927 0.9854 0.9692 36.0126 0.9671 1.7 Suggested
Linear 0.9557 0.941 0.9046 23.7061 1.94 3.42
Quadratic 0.9988 0.9951 0.8322 52.2731 0.5575 0.9823

Physicochemical characterization of DZN-FA SLNs

The optimized formulations particle size, polydispersity index (PDI),
and zeta potential are illustrated in fig. 4. The average particle size,

PDI and zeta potential were 223 nm, 20.3% and-20 mV. These
results prompted that narrow particle size indicates consistent
nature, uniformity and stability of the formulation and zeta potential
revealed good electrostatic interaction between nanoparticles [26].
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Zeta potential distribution

Rel. frequency [%)]

0

T
-200.0

-100.0

T T 1
00 1000 2000

Zeta potential distribution [mV]

Results

200mV
12mv

197 mv

-1.5553 pm*cm/Vs

Mean zeta potential

+/- Standard deviation
Distribution peak
Electrophoretic mobility

Mean intensity
Filter optical density
Conductivity
Transmittance

476.8 keounts/s
42265

0.045 mS/cm
76.8%

Fig. 6: Zeta potential of optimized DZN-FA SLNs

Determination of drug entrapment efficiency

The entrapment efficiency of optimized DZN-FA SLNs and DZN SLNs
was 72+2 % and 69+3% respectively [27].

FTIR spectroscopy measurements

The spectral pattern of the prepared DZN-FA SLNs was confirmed
through FTIR analysis. The recorded spectra are shown in fig. 3. The
spectrum of daidzein reveals several absorption peaks attributed to
its primary functional groups. Broad Peaks observed at 3158 cm!
attributed to presence of the amide (NH:z) group and peaks at 1629
cm?l, 1387 cm1,1278 cm, and 1237 cm'shows the presence of
amide stretch, O-H stretch, C-O stretch. Similarly, stearic acid shows
peaks at 2955 cm'?, 2915 cm, 2848 cm?, 1697 cmL, and 1430 cm-
lattributed to presence of C-H stretch, primary amide stretch,
secondary amide stretch, C=0 stretch and O-H stretch. EDC exhibits
characteristic peaks at 2916 cm', 1695 cm!, and 1471 cm,
depicting the presence of O-H stretch, C=0 stretch, and C-H stretch.
The peaks for folic acid were observed at 2915 cm! and 1694 cm'%
confirming the presence of O-H stretch C=0 stretch. DZN SLNs
showed peaks at 2955 cml, 2915 cm?, 2347 cml, 1694 cm-
1confirming the presence of N-H stretch, O-H stretch, carboxyl group
and C=0 (aldehyde) group (fig. 7(ii)). The prepared DZN-FA SLNs
formulation showed the peaks at 3506 cm, 2914 cm?, 1711 cm,
1470.97 cmt, 1248.07 cmattributed to the presence of NH2 stretch,
primary amide, O-H stretch, C-H stretch, C-N stretch (fig. 7(i)). These
findings suggest that DZN-FA SLNs are molecularly dispersed with
the lipids in SLNs [28].

SEM of prepared DZN SLNs and DZN-FA SLNs

SEM analysis of the daidzein SLNs and folic acid-conjugated daidzein
SLNs revealed their shape and surface morphology. The SEM results

indicated a spherical shape and a smooth surface for the
formulation. The nanoparticles exhibited a spherical shape for DZN
SLNs and DZN-FA SLNs, with a size ranging approximately between
200-300 nm. This observation correlates with the particle size
obtained from the Anton Paar Litesizer instrument.

In vitro drug release

Fig. 5 illustrates in vitro drug release profiles of daidzein release
from DZN-FA SLNs, DZN SLNs and DZN suspension. DZN initially
displayed a burst release of 50%, while DZN-FA SLNs and DZN SLNs
exhibited sustained release patterns, reaching 30% at 12 h and 80%
at 72 h. This sustained release pattern was due to stearic acid
diffusing property through the lipoidal membrane. The initial burst
release of up to 30% from SLNs was attributed to the drug being
entrapped in the outer stratum or adsorbed on the surface. In vitro
drug release of various formulations was conducted using different
kinetic models, including zero order, first order, Higuchi,
Korsmeyer-Peppas and Hixson-Crowell. Both formulations best fit
the Higuchi model, indicated by the highest linearity (R? = 0.987)
confirmed by comparing obtained regression coefficient values for
various kinetic models. The release follows non-Fickian diffusion,
involving diffusion and dissolution of the DZN-FA SLNs matrix [29].

In vitro cell viability assay-MTT assay

MTT assay assessed anti-proliferative effects on DZN, DZN SLNs and
DZN-FA SLNs in colon cancer (Caco-2) cell lines. The data analysis of
the cytotoxicity assay revealed that the DZN-FA SLNs ICso value was
around 10 pg/ml, whereas DZN SLNs and DZN were 30 and 40
pug/ml. The results showed that DZN-FA SLNs exhibited better
cytotoxic activity when compared with DZN SLNs and DZN. Thus, the
conjugation to folic acid has effectively delivered the drug onto
cancer cells through folate receptor-mediated endocytosis.

325



S.S. Ahmed et al.

Int ] App Pharm, Vol 16, Issue 2, 2024, 320-328

1065
- WW
5
= 50 v AR A |
3158 1629 75 7,
[y
107
-
= ol v Y N
S 6H 2955 936
¥ 1830 1310
41 — 1697
10— 5 2 i ——a e S D
M Af L AW Y
- 'R ?
504 A {an . v
= ! ¢ 1295 25
v e 1695.57
0 2916
1063
W A
= gl q W
B Y ams E 172 1295 1134
2915
o
1065 y —t .
L= v 295030 | M \ i
e 3506 v AL L2 14jo97 1248.07 929.63
bes 2914.12
0 T v T T T T
4000 3500 3000 2500 2000 1500 1000
em-1
110,
105
100 f ‘
95 4. 96.9206T
94.560T
90 \ [ 1. 03.72067
\ || W i o2 3307
A 1783.04cm-1, 89.63%6T |/ || L 97.24%T
os1 ' v poasper |}
A |1s0p.710m'3) sh 51 1. 4 17067
= 80 2055.460m-1| §3.69%T | oatipam 1, 83,3157 o7 poom-1] s4 183t
= | | tae3530n-1]s1.04p67 906.964m-1, 80.010dT | 464.06cm-1, 97.39%T
75 1415.75¢m-1, 78 506" 811.07cm-1, 7hjg2
‘ | 1a71.816m-1, 80.00j6T | | 687.69cfp-1, 76.519%T
1311.30cmi1, si 5% 718.72cml1, 74.45%T
0 ‘ ‘ 107824cm-1f, 74.849%T  601133¢m-1, 83.64%T
‘ 1295.53cm-1, 81.26%T 650.9cm-1, 70.44%T
651 | 726.94cm-1, 77.73%T
| 1205.776m 1, 64.04%T
60 | ‘
2648 20bm 1, 60,8347 |
55
2015 00,56 257 1094 52cmih, 51107
501
4000 3500 3000 2500 2000 1500 1000 500 400
cm-1

EHT= 300KV

wo= 120 mm

SignalA = SE1
Mag=_ 500X

EHT = 3.00kV
WD = 12.0 mm

Signal A= SE1
Mag=_ 250X

100 ym
—

% cumulative

A

drug release

b
Fig. 8: SEM image of (a) DZN-SLNs and (b) DZN-FA SLNs

150
-e- DZN
-= DZN SLNs
1004 -+ DZN-FA SLNs
50
0

8 24 48 72

o -4
N
£~

Hours

Fig. 9: In vitro drug release of DZN from free DZN, DZN SLNs and DZN-FA SLNs by dialysis bag method at pH 7.4. Data shown are mean+SD

(n=3). Error bars were omitted for clear presentation
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Accelerated stability studies

The results depict that prepared SLNs were stable, and there was a slight
increase in particle size, zeta potential and entrapment efficiency during
the 30-day time period at 4+2 °C and 253 °C. The particle size increased

from 220+2 nm to 22543 nm, zeta potential increased from-20+0.2 mV
to-22+0.5 mV, and entrapment efficiency of 73+4% was observed. This
indicates good physical stability against aggregation and higher zeta
potential indicates strong electrostatic interaction between positive and
negative electrons exhibiting good aggregation patterns [30].

Table 6: Stability studies

Storage conditions: 40 °C+2 °C/75%RH*5%RH

Sample sample time point (days) Appearance

Particle size Zeta potential Entrapment efficiency

DZN-FA SLNs 0od white colour

30d white colour

220+2 nm -20£0.2 mV 72%

225+2 nm -22+0.5 mV 73.20%

Data is given in mean+SD, n=3

CONCLUSION

In the current research, novel formulation containing daidzein-
conjugated folic acid solid lipid nanoparticles was developed and
optimized using design expert software. DZN-FA SLNs were
prepared using the microemulsion method, conjugated with folic
acid and optimized for small particle size and high entrapment
efficiency. Spherical images were observed in SEM, and the drug was
molecularly dispersed in FTIR studies. In vitro drug release exhibited
sustained release patterns by prolonging drug pharmacological
activity, improving pharmacokinetics. In vitro cytotoxicity assay
demonstrated that DZN-FA SLNs have shown dose-dependent
cytotoxicity at 10 pg/ml through receptor-mediated endocytosis.
This novel approach is a better option for formulating and targeting
colon cancer.
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