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ABSTRACT 

Objective: The study aims to find a suitable method of developing silk fibroin-based anastrozole nanoparticles and formulate in situ injectables by 
loading the optimized nanoparticle formulation for the sustained release treatment of breast cancer. 

Methods: The nanoparticles were formulated utilizing two different methods, solvent change and precipitation approach using silk fibroin. 
Prepared nanoparticles characterized in terms of size, zeta potential, polydispersity, and entrapment efficiency. The chosen optimized formulation 
(SF-ANS-NPs-1) was subsequently analyzed for compatibility investigations by Fourier-transform infrared spectroscopy (FT-IR), thermal analysis, 
surface morphology, x-ray diffraction, transmission electron spectroscopy, cumulative drug release, and stability studies as per ICH guidelines. 
Followed by formulating and evaluating in situ injectable gel using pluronic F-127. 

Results: A particle size of 181.70±1.3 nm was reported by the optimized SF-ANS-NPs-1 formulation. FT-IR and thermal studies confirmed the 
compatibility of the drug with the polymers, and x-ray diffraction studies indicated crystalline nature. Surface morphology analysis indicated nano-
size particle formation. A cumulative drug release (%CDR) of 94.15% was noted at the 168th hour. The results of the stability studies were indicated 
to be consistent over 90 d. In situ gel formulation showed desired spreadability, sol-gel transition temperature (37±0.5 ℃), viscosity (9.37±1.2 
mPa·s), desired acidic pH, and a sustained release for 21 d (98.11%) with three months accelerated stability.  

Conclusion: The results suggested that the combination of anastrozole with silk fibroin in the form of nanoparticles and in situ gelling systems 
could be an undoubtedly effective delivery method for prolonging breast cancer therapy. 
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INTRODUCTION 

Breast cancer in women is a significant global health consequence. In 
both industrialised and developing nations, it is the most prevalent 
kind of cancer in women. In 2018, breast cancer accounted for 
25.4% of all cancer cases worldwide [1]. Recent research has 
revealed that estrogens significantly contribute to the growth of 
both normal and neoplastic breast epithelium. Epidemiological 
studies have just lately verified their long-held theories about their 
potential significance as breast carcinogens. Almost 74% of breast 
cancers (BC) are classified as estrogen receptor (ER) positive, 
according to cancer research. More than twenty oral antineoplastics 
have received approval in the US, and many more are in development. 
Tamoxifen adjuvant therapy was one of the first long-term oncologic 
treatments for hormone receptor-positive breast cancer. It lowers 
long-term breast cancer mortality by one-third to one-half when taken 
for a prolonged period [2–4]. The more recent aromatase inhibitors 
anastrozole (ANS), letrozole, and exemestane cut cancer recurrence by 
an extra 50% but must be taken for at least five to ten years [5]. Sadly, 
many breast cancer patients prescribed long-term oral medicines find 
it challenging to comply with them [6, 7]. 

A novel formulation that can deliver a prolonged medication release to 
the targeted location can be designed to circumvent these obstacles. 

Numerous research has been dedicated to developing sustained and 
regulated drug delivery systems over the past 30 y. Over the past 
few years, in situ polymeric delivery system development has drawn 
much interest. By taking into account the research findings, 
nanoparticle (NP) based in situ gelling was considered for the 
formulation. In recent decades, nanocarriers have been crucial in a 
number of cancer therapies as compared to free pharmaceuticals [8]. 
This system has several benefits, including ease of administration, 
decreased frequency of administration, improved patient comfort and 
compliance, delivery of an accurate dose, and the ability to extend the 

residence time of the drug in contact with the mucosa. These issues 
are typically associated with semisolid dosage forms [9, 10]. 

A naturally occurring protein from the Bombyx mori silkworm is 
called as silk fibroin (SF). The glands of arthropods like silkworms, 
spiders, scorpions, mites, and bees typically contain protein 
polymers called silks. Afterward, these arthropods spin these protein 
polymers into threads as they go through their metamorphosis [11, 
12]. SF was first used as a biomaterial hundreds of years ago when it 
was used as sutures to cure wounds. SF-based biomaterials have been 
discovered to be helpful for a range of applications, including 
medication administration, because of their outstanding performance 
[13]. Hence the present study was planned to find out an appropriate 
method to formulate biodegradable SF-based ANS NPs and 
incorporate them to prepare in situ injectables as a prolong-release 
drug delivery system for the treatment of breast cancer. 

MATERIALS AND METHODS 

Materials 

Anastrozole was received from Cipla Ltd. in Bangalore as a gift 
sample. A sample of silk fibroin was received as a gift from Sericare, 
a unit of Bangalore's Healthline Pvt. Ltd. D-mannitol and ethanol 
were purchased from Chang-shu Hongsheng and Loba Chemie Pvt 
Ltd in Mumbai, India (Fine Chemical Co. Ltd). Pluronic®F-127 was 
obtained from Sigma-Aldrich (Bangalore) and used as received. For 
the entire study, analytical-grade chemicals were used without 
further purification. 

Methods 

Solvent precipitation method 

The mixture included an appropriate 6:4 (v/v) ratio of SF solution to 
ethanol. For instance, 6 ml of 0.05% (w/v) SF solution was mixed 
with 4 ml of ethanol or 4 ml of 0.1 mg/ml SF-ethanol in 15-mL falcon 
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tubes. To serve as a stabilizing agent, D-mannitol was added. The 
mixture was briefly vortexed, flash-frozen in liquid nitrogen, and 
then left to thaw at room temperature. After thawing, the obtained 
samples were centrifuged for 5 min at 14,000 rpm. The pellet was 
collected and cleaned with ethanol, and the supernatant was 
removed in order to crystallize the SF and remove any free 
medicines. After further centrifugation at 14,000 rpm for 5 min, the 
supernatant was collected. The residual particle was resuspended in 
double-distilled water and centrifuged twice at 14000 rpm to 
eliminate any remaining ethanol. The nanoparticles were 
resuspended in 1 ml of 7.4 pH phosphate buffer solution (PBS) and 
used for additional investigation [14]. 

Solvent change method 

Using a sample pipette at room temperature, SF solution containing 
5.0% by weight was quickly added to at least 70% (v/v) of the final 
mixed volume of the water-miscible organic solvent acetone. The SF-
NPs were water-insoluble and dissipated slowly due to NP 
accumulation in the mixture of water and organic solvent. The 
mixture was repeatedly centrifuged at 12,000 rpm to separate the 
SF-NPs residues from the solvent, and then these particles were 
collected and purified. The nanoparticle residues in water dispersed 
uniformly in water or PBS media after being subjected to a 
supersonic treatment for 1 to 5 min. The obtained liquid or 
lyophilized SF-NPs were used in additional experiments [15]. 

Analysis of particle size, zeta potential, polydispersity index 
(PDI), and entrapment efficiency (EE) 

The average particle size, zeta potential, and PDI were determined 
using the Zeta-sizer (Nano ZS, Malvern Instruments, UK) and the 
dynamic light scattering (DLS) technique. The total charge that a 
particle picks up in a certain medium is known as its zeta potential. 
This method included passing a voltage across two electrodes 
located at both ends of a cell bearing the nanoparticles. Milli-Q water 
was used to dilute samples from the prepared suspensions before 
they were put in measurement cells for analysis [16]. EE was 
assessed using the indirect method. In this method, the formulated 
SF-ANS-NPs-1 was centrifuged at 12,000 rpm for a period of 15 min. 
Using a UV/visible spectrophotometer with a maximum wavelength 
of 262 nm, the amount of ANS that was not trapped in the 
precipitate was calculated. To reduce handling errors, the entire 
analysis was conducted three times [17, 18]. 

 

Fourier transform infrared spectroscopy analysis (FT-IR) 

ANS's compatibility with the excipients used in the formulation of 
NPs were assessed using FT-IR spectrophotometer (Shimadzu, 
Japan). Optimal SF-ANS-NPs-1 spectra were obtained in the 4000-
400 cm-1 region, along with spectra of pure ANS, SF, and physical 
combinations of the formulation [19]. 

Determination of in vitro release 

The SF-ANS-NPs-1 was dissolved in 1.0 ml of PBS (pH = 7.4), 
equivalent to 1 mg, and sealed cellulose dialysis tubing (Carolina, 
Burlington, NC, USA) with a cut-off of 12,000–14,000 Da was used. 
After that, 19.0 ml of release media was added to a screw-cap 
container containing dialysis tubing, which was then stored in a 
water bath shaker (GFL 1083; GFL, Burgwedel, Germany) set to 
medium speed and 37 °C. Aliquots of 2.0 ml were taken out and 
immediately replaced with the same volume of the fresh-release 
medium at various intervals. Using a UV-1900, the levels of 
medication emitted were measured at the peak of 262 nm 
(Shimadzu, Japan). The results presented are, in practice, the mean 
and standard deviation of triplicates (Mean SD) using the prescribed 
methodology [20, 21]. 

Release kinetics study 

Mathematical equations such as Higuchi's diffusion equation (Q = 
Kt1/2), Korsmeyer-Peppas equation (Mt/M = Kt n), and zero-order 
(percent release vs. t) and first-order kinetics (log percent release 
vs. t) were used to model the drug release from the optimized SF-
ANS-NPs-1 formulation. In the equation, Mt/M is the fraction of the 

drug released at time t, k is the kinetic constant, and n is the 
diffusional exponent [22, 23]. 

Differential scanning calorimetry studies (DSC) 

Using the DSC-60 equipment, differential scanning calorimetry was 
used to examine the phase behavior of drug-loaded particles. The 
instrument was made up of a thermal analyzer (TA 60), a flow 
controller (FCL 60), a calorimeter (DSC 60), and operational 
software (TA 60) from the Kyoto, Japan-based Shimadzu firm. Pure 
drug and SF-ANS-NPs-1 samples weighing 2–10 mg each were put in 
aluminum pans and crimped before being heated under nitrogen 
flow at a rate of 5 °C/min from 25 °C to 250 °C. As a benchmark, a 
pan made of aluminum having the same amount of indium was 
employed. Both pure drugs and nanoparticles had their heat flow 
assessed as a function of temperature [24]. 

Powder X-ray diffraction analysis (PXRD) 

By using a Bruker (Advance D8) powder diffractometer, PXRD analysis 
was performed (Karlsruhe, Germany). The samples to be analyzed 
were spread out on an amorphous silica hold, a low background 
sample holder, and fixed to this sample stage in a goniometer. The 
geometry of the instrument is set to B-B. To 40 mV and 40 mA, 
respectively, the voltage and current are adjusted. Data extraction was 
done after copper radiation was used to acquire scans from 2 to 50° 
with a step size of 0.03°, and a count time of 0.5 s at 25 °C [24]. 

Field emission scanning electron microscopy (FESEM) 

The surface structure of the optimized SF-ANS-NPs-1 was evaluated 
using a field emission scanning electron microscope (FESEM, Carl 
Zeiss Sigma-03-81, Oxford Instruments, EDS). Overnight, a droplet of 
nanoparticle solution was applied to a copper layer, fitted over the 
tip of the sample, and allowed to dry. Each sample was coated with 
platinum before investigation [25, 26]. 

High-resolution transmission electron microscopy (HR-TEM) 

Using transmission electron microscopy, the morphology of 
nanoparticles was studied. To visualize NPs, a (JEM-2100 electron 
microscope; JEOL, Tokyo, Japan) was used. The SF-ANS-NPs-
1 formation was analyzed using the negative staining TEM technique. 
A 50 μl sample of the nanoparticle formulation was collected and 
coated in parafilm. Samples were dried on the carbon-coated grid and 
stained negatively with a phospho-tungstic acid aqueous solution. The 
sample was investigated under a microscope at 10 to 100 k fold 
expansion after drying at a 100 kV accelerating voltage [21].  

Stability study of SF-ANS-NPs-1 

The optimized SF-ANS NPs-1 were put in 5 ml sample vials and 
subjected to accelerated stability testing as per ICH 
recommendations. The bottles were kept at 5 °C in the refrigerator 
for three months and at 25 °C and 75±5% RH for an accelerated 
time. At predetermined time intervals and frequencies, the physical 
aspect, size, zeta potential, particle distribution, and percentage of 
EE of nanoparticles were analyzed [27]. 

Preparation of in situ gel formulation with pluronic F-127 

Thermo-responsive in situ gel was prepared according to the cold 
method. Pluronic F-127 (18% w/v) is weighed out and added 
gradually (over the course of 2 or 3 min) to 20 ml of cold water (5–
10 °C) in a 100 ml beaker with a magnetic stirring bead, ensuring 
gentle mixing. This enables each flake to become hydrated on the 
surface and increases the rate of solution, whereas rapid addition of 
all the pluronic F-127 to the water results in the formation of a large 
ball requiring many hours to dissolve. The container was placed in 
an ice bath for about 4 hr and mixed slowly until the pluronic F-127 
had completely dissolved. When the solution is complete and the 
formulation warms, the in situ injectable gel is formulated [28]. 

Evaluation studies of in situ gel 

Appearance and clarity 

For pharmaceutical solutions that are administered parenterally, the 
visual appearance of the formulation in terms of clarity is crucial. 
Particulate matter can cause tissue discomfort or potentially be 
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toxic, in addition to having an impact on patient compliance. Both 
formulations were visually examined for clarity in a bright 
environment with a black-and-white background [29]. 

Sol-gel transition temperature 

The sol-gel transition temperature is the point at which, when 
maintained in a sample tube at a particular temperature and then 
heated at a specific pace, the phase change of the sol meniscus first 
becomes apparent. Gel should not move when the tube is bent, 
which is an indication that gel has developed. The gel-forming 
solution was transferred to a tiny, clear beaker, which was then 
positioned in a temperature-controlled water bath. The beaker was 
filled with a magnetic bead and a thermometer, and the solution was 
heated progressively while continuously stirring at 30 rpm. The 
temperature on the thermometer submerged in the solution was 
identified as the gelation temperature when the magnetic bar 
stopped moving due to gelation [30].  

Rheological behavior studies 

The viscosity of SF-ANS-NPs-1 loaded in situ injectable was 
measured using Brookfield viscometer (model DV-II+Pro), 
Engineering Laboratories, Middleboro, MA 02346) 20 ml of SF-ANS-
NPs loaded in situ injectable was taken into a beaker. The spindle 
nos. F 96 at 10, 50 in 10, 50, and 100 rpm at 24-25 ℃. The spindles 
were immersed in the test fluid. Viscosity values were recorded [31]. 

Determination of pH 

A digital pH meter was used to measure the pH level of the 
optimized gel formulation (LMPH-10, LABMAN). After 5 min of 
immersion, the pH meter probe was removed, and readings were 
collected. An average of three samples were used to take the 
readings [32]. 

Syringiability study 

The ability of the prepared formulation to flow easily through a 
syringe of the 21-gauge needle was assessed. Briefly, 1 ml of the cold 
SF-ANS-NPs-1 incorporated in situ injectable gel formulation (4 ℃) 
and at room temperature (25 ℃) was filled in a 21-gauge needle 
syringe, and the capacity to flow under standard handling pressure 
was evaluated [33]. 

In vitro drug release study for in situ gel 

Franz diffusion apparatus and PBS (pH=7.4) as a dissolution media 
were used to conduct release investigations of SF-ANS-NPs-1 

incorporated in situ gel. The pre-hydrated membrane was mounted 
between the matched receptor and doner compartment 2 ml of gel 
was taken into the doner compartment. All openings, including the 
doner top and receptor arm, were occluded with parafilm to prevent 
evaporation. The rotational speed was held constant at 200–250 
rpm while the temperature was kept at 37±0.5 °C. The samples (1-2 
ml) were withdrawn using a glass syringe at various time intervals 
and analyzed spectrophotometrically at 262 nm. A fresh medium of 
the same volume was reintroduced into the receptor. The reported 
results are triplicate averages and are presented as Mean SD [34]. 

Kinetics of drug release of in situ gel 

To determine the kinetics of drug release, the dissolution profile of 
SF-ANS-NPs-1 loaded in situ gel was fitted to kinetic models 
including zero order, first order, Higuchi, Korsmeyer, and peppas. 
The process of drug release from the formulation is shown by the 
diffusion exponent n. The n value is employed to comprehend 
various release processes, leading to values for a slab of n<0.5 for 
the fickian diffusion mechanism and 0. 5<n<1.0 for non-fiction 
transport [35]. 

Accelerated stability study of in situ gel 

The in situ gel composition was put in a glass bottle with a cap to 
close it. It had a secure seal. The stability study was conducted 
following ICH guidelines, at 25±2 °C/75±5% RH for room 
temperature and 4 °C±2 °C for 90 d. Periodically (30, 60, and 90 d), 
samples were taken out and examined for visual quality, pH, 
viscosity, and sol-gel transition [36]. 

RESULTS AND DISCUSSION 

Particle size, zeta potential, PDI, and EE analysis 

characterize the particles. The size analysis of both batches of 
nanoparticles was conducted in triplicate. Whereas SF-ANS-NPs-2 
was discovered to be larger than 400 nm, SF-ANS-NPs-1 was 
discovered to be present in the size range below 200 nm. Similarly, 
the PDI showed a distribution that was relatively uniform, ranging 
from 0.10±01 to 0.80±06 for both formulation batches. Zeta 
potential measurements for the ANS-NPs were 27±2.14 and-1.88±3 
(table 1). The medication was effectively trapped, according to 
entrapment studies, showing that they are effectively neutral in 
charge and can be distributed in a physiological pH media. This 
investigation has led to the development of a successful method for 
formulating and optimizing the suitable injectable size of SF-ANS-
NPs-1 [37]. 

 

 

Fig. 1: FT-IR spectrums of (A) pure ANS, (B) silk fibroin, (C) SF-ANS-NPs-1 



A. Nasrine et al. 
Int J App Pharm, Vol 15, Issue 3, 2023, 113-122 

116 

Table 1: Particle size, zeta potential, PDI, and % EE of formulated nanoparticles with solvent precipitation (Method 1, SF-ANS-NPs-1) and 
solvent change method (Method 2, SF-ANS-NPs-2) 

Method Formulation code Particle size (nm) Zeta potential (mV) PDI EE (%) 
Solvent precipitation SF-ANS-NPs-1 181.70±1.3 27.09±2.14 0.10±01 89±2.21 
Solvent change SF-ANS-NPs-2 421.60±2.0 -1.88±3.41 0.70±06 78±1.91 

mean±SD (n = 3) 

 

FT-IR analysis 

Fig. 1 depicts the FT-IR spectra of pure ANS, the polymers utilized in the 
formulation, and the optimized formulation SF-ANS-NPs-1. The spectral 
analysis revealed that the peaks of the chosen optimal formulation and 
the pure medication did not differ noticeably. As a result, no particular 

interaction between the medication and the formulation's polymers was 
seen. Substantial O=C=O, C-O, Medium C-H, and Weak C-N stretch 
absorption peaks were seen in the infrared ANS spectra at 2363.90, 
1138.39, 3102.35, and 2236.78, correspondingly. There are no 
interactions between ANS and the investigated excipients because the 
identical bands are present in SF-ANS-NPs-1 [38]. 

 

Table 2: FT-IR characteristic peaks of pure ANS, SF, and SF-ANS-NPs-1 

Sample compounds O=C=O (cm-1) C-O (cm-1) C-H (cm-1) C≡N (cm-1) N-O (cm-1) 
ANS 2363.90 1138.39 3102.35 2236.78 - 
SF 2366.76 1114.10 3078.07 - 1586.88 
SF-ANS-NPs-1 2358 1084 3310 - - 

 

In vitro drug release of SF-ANS-NP-1 

According to the results presented, the use of nanoscale drug 
formulations has been found to improve the release profile of the 
drug in investigations, as evidenced by the optimized SF-ANS-NPs-1, 
which showed more than 94.15% drug release in 168 h displayed in 

fig. 2. A burst release phase follows a continuous release phase on 
the initial day. Diffusion of the aqueous dissolution medium into the 
matrix, followed by drug diffusion into the dissolution media 
through the pores, enables the drug to dissolve. The retention period 
of ANS release was significantly improved by using the appropriate 
concentration of SF [39, 40]. 

 

 

Fig. 2: Release profile of pure ANS, optimized SF-ANS-NPs-1 and SF-ANS-NP loaded in situ gel, (mean±SD, n = 3) 

 

 

Fig. 3: Plot of log time vs. log % drug release (Peppa’s model) 
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Table 3: Kinetic data table of SF-ANS-NPs-1  

Formulation code Zero-order First order Korsmeyer peppa’s model Higuchi model Best fit model 
SF-ANS-NPs-1 0.8546 0.8909 0.9651 0.9091 Peppa’s model 

 

Drug release kinetic studies for SF-ANS-NPs-1 

The Korsmeyer Peppa’s model plot of the SF-ANS-NPs-1 was found 
to be linear with the R2 value of 0.9651, respectively (fig. 3 and table 
3. The n-value 0.5<n<1.0 for SF-ANS-NPs-1 suggests the anomalous 
(Non-Fickian) transport mechanism [41]. 

DSC analysis 

Fig. 4 displays the DSC thermograms of ANS, SF, physical mixture, 
and SF-ANS-NPs-1. The endothermic peak for pure anastrozole, 
which corresponds to its melting point at 88.94 °C and further 
supports its crystalline form, was prominent and well-defined. In 

contrast, the physical combination and anastrozole-loaded 
optimized nanoparticles showed no melting endotherm, suggesting 
that anastrozole may be transformed into its amorphous state. 
According to the DSC study results for drug-loaded nanoparticles, 
the strength of endothermic peaks was lessened and distinct, with a 
different melting transition than that seen with the pure drug, 
leading to the production of a new amorphous phase. The SF-ANS-
NPs-1 demonstrated that the drug existed evenly and was 
distributed at the molecular level in a disorganized crystalline 
structure, which led to its improved solubility, in addition to the new 
amorphous state. These findings together show that the drug's 
melting peak is altered as a result of nanoparticle formation [37, 42]. 

 

 

Fig. 4: DSC curves for A. ANS, B. silk fibroin, C. physical mixture, and D. SF-ANS-NPs-1 
 

 

Fig. 5: X-ray diffractograms of (A) ANS, (B) SF, and (C) SF-ANS-NPs-1 
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X-ray diffraction studies 

Pure ANS has well-defined, sharp diffraction peaks in its X-ray 
diffraction pattern. When seen from a 2θ angle, it was discovered 
that the intensity count of 18.56 was in the 20001-intensity count, 
with a 100% relative intensity. The distinctive pattern of amorphous 
silk material, known as a wide peak at 2θ = 20°, was seen in SF. An 
intensity count of 11291.0 with 100% relative intensity at a 2θ angle 
of 20.362 was shown in the X-ray diffraction patterns for SF-ANS-
NPs-1. When compared to the pure drug, the diffractograms in fig. 5 
demonstrate a variety of alterations in peak positions and a 
noticeably different diffraction pattern. As compared to pure drug 
and SF, the relative intensity in 2θ angle value for the nanoparticles 
was found to be different, showing molecular level drug distribution 
in the polymer structure [43]. 

Surface morphology analysis 

The surface morphology of optimized SF-ANS-NPs-1 is depicted in 
fig. 6. Images with great resolution were taken using FE-SEM. Images 
revealed that nanoparticles had uniform size, were dispersed in a 
straight crystalline structure with a smooth surface, and were 
separate particles. The distribution of their sizes was constrained, 
and they were orientated closely together. Using the proper 
sonication intensity throughout the formulation process may be able 
to achieve this. Furthermore, the results of the FE-SEM analysis 
demonstrate that a matrix structure was formed as a consequence of 
the interaction between the polymer and the drug. This finding 
demonstrates that drug molecules were extensively distributed in 
polymeric structures, which can result in the formation of 
nanoparticles [43]. 

 

 

Fig. 6: FE SEM images of SF-ANS-NPs-1 in A. 10.00 K X and B. 1.00 K X magnification 

 

HR-TEM analysis 

The shape and size distribution of the SF-ANS-NPs-1 were observed 
using HR-TEM analysis shown in fig. 7. They were found to be well-
dispersed, spherical, and seen present in distinct particles. The 
particle size of the NPs were also determined using TEM, and the 
results were consistent with those obtained using DLS analysis [44]. 

Stability study for optimized SF-ANS-NPs-1 formulation 

When stored in accordance with ICH guidelines under accelerated 
conditions of 25±2 °C/75±5% RH and at refrigerating conditions (4 
°C±2 °C) for a duration of three months, SF-ANS-NPs-1 did not exhibit 
any physical alterations. Zeta-potential, PDI, and% EE (less than 5%) 

at the predetermined time intervals similarly showed no discernible 
change. Particle size mildly grew larger. Nonetheless, it was 
determined that the overall provided data was within accepted limits 
(table 4). This shows that the optimized SF-ANS-NPs-1 is highly stable 
and effective by nature across a three-month period [45]. 

Physical evaluation parameters 

The prepared SF-ANS-NPs-1 loaded in situ gel was translucent to 
clear dispersion and slightly brownish in color, which is because of 
the addition of SF. The haziness observed during preparation was 
due to the precipitation of pluronic F-127. At reduced temperature 
was found to disappear, and the clarity was regained after overnight 
standing [46]. 

 

 

Fig. 7: HR-TEM analysis of SF-ANS-NPs-1 formulation 

 

Sol-gel temperature 

The data for assessing the thermos-responsive in situ gel's gelation 
temperature was found to be 37±0.5 ℃, shown in fig. 8. Gelation at 
temperatures of 35-37 °C is considered to be optimal for the 
development of a thermosensitive in situ gelling solution for 
implantation since temperatures below 30 °C would lead to gelation 

at ambient temperature and problems with manufacture, 
processing, and delivery. On the other side, the formulation would 
remain fluid after administration if the gelation temperature was 
greater than 37 °C. The inclusion of pluronic F-127 solutions raises the 
formulation's gelation temperature, bringing it closer to the 
physiological temperature range. When the concentration in the 
formulation increased, the gelation temperature showed a modest rise.
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Table 4: Particle size, zeta potential, PDI, and % EE of SF-ANS-NPs-1 at 4±2 °C and 25±2 °C/75±5% RH 

At room temperature (25 ℃) At refrigerating conditions (4 ℃) 
Time 
(months) 

Particle size 
(nm) 

Zeta potential 
(mV) 

PDI EE (%) Particle size 
(nm) 

Zeta potential 
(mV) 

PDI EE (%) 

1 185.50±1.4 2.91±2.1 0.57±0.06 86.91±1.5 188.50±2.4 2.11±2.1 0.47±0.06 88.41±2.5 
2 181.11±2.11 3.11±3.2 0.57±0.09 88.82±0.5 181.11±2.11 2.11±3.2 0.47±0.09 87.52±0.9 
3 176.97±1.88 3.78±2.4 0.56±0.11 88.88±0.9 176.97±1.88 3. 78±2.2 0.46±0.11 85.58±1.9 

Results are expressed as mean±SD (n=3) 

 

 

Fig. 8: SF-ANS-NPs-1 loaded in situ gel formulation A. at room temperature and B. after temperature increases (≥37  ℃). C. Noted 
temperature at gelling point and D. inverted beaker after gelation 

 

Rheological behavior studies 

Considering that the refrigerated formulations will only be delivered 
after being brought to room temperature, low dynamic viscosity at 
20 to 25 °C is needed to inject the formulation freely. The SF-ANS-
NPs-1 loaded in situ gel exhibited quite low viscosity of 9.37±1.2 
mPa·s at room temperature, which indicated its suitability as an 
injectable in situ gel formulation [24]. 

pH determination 

During the process of cancer progression, the tumor 
microenvironment causes tumor heterogeneity. Acidic conditions 
and hypoxia are well-known to be significant elements of the tumor 
microenvironment. SF-ANS-NP-1 loaded in situ gel showed an acidic 
pH (table 5) which is an ideal characteristic for anti-tumor 
formulations.

 

Table 5: pH at different temperature conditions 

S. No. Temperature pH of gel* 
1. 4 ℃ 6.8±0.09 
2. 25 ℃ 6.8±0.1 
3. After gelation 6.7±0.09 

*Results are expressed as mean±SD (n=3) 

 

Syringeability study 

The developed SF-ANS-NP loaded in situ gel formulations were 
easily syringeable through a 21-gauge needle at room temperature 
[47]. 

In vitro drug release for SF-ANS-NP-1 loaded in situ gel 

The in-situ gelling formulation could enable a sustained and 
regulated release of the drug, according to the in vitro release profile. 
By the end of the 504th hour (21 D), the in-situ gel showed a total 
drug release of 98.11% (fig. 2). The formulas only released a small 
preliminary blast. Due to the drug's slow diffusion through the 
matrix material, the subsequent stage of the release can be extended. 
The initial burst release can be attributed to the in-situ gelling 

mechanism, which was in sol form at ambient temperature but 
transformed into a gel due to increased heat when the in-situ gel 
formulation was introduced to physiological temperature. However, 
the outcomes undeniably demonstrate that the gels can hold the 
drug for a long time and that early drug release will not happen [20]. 

Drug release kinetic studies for SF-ANS-NPs-1 in situ gel 

The gel formulation was determined to follow first-order model 
kinetics from the release kinetics data, based on the highest 
coefficient of determination value (R2) = 0.9721, which is close to 
unity (fig. 9 and table 6). The n-value of 0.5<n<1.0 for the SF-ANS-
NP-1 incorporated in situ gel, when plotted using the Korsemeyer-
Peppas method, indicates anomalous (non-Fickian) transport and is 
shown as an extended-release mechanism [48]. 
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Fig. 9: Plot of Time vs. log % drug remaining (First order model) 

 

Table 6: Kinetic data of silk fibroin-anastrozole nanoparticle incorporated in situ gel 

Formulation code Zero-order (R2) First order (R2) Korsmeyer peppa’s model (R2) Higuchi model (R2) Best fit model (R2) 
SF-ANS-NP-1 In situ gel 0.8601 0.9721 0.9274 0.9652 First order 

 

Table 7: Visual appearance, pH, viscosity (mPa·s), sol-gel transition temperature, and % CDR of optimized SF-ANS-NP-1 loaded in situ gel 
formulation at 25±2 ℃/60±5% RH and at 4±2 ℃ temperature 

Physical parameters At 25±2 ℃ Temperature At 4±2 ℃ temperature 
30th Day 60th day 90th day 30th Day 60th day 90th day 

Visual appearance Clear and yellowish in color 
pH 6.7±0.09 6.8±0.02 6.7±0.04 6.8±0.08 6.9±0.04 6.8±0.07 
Viscosity mPa·s 10.40±0.16 12.52±0.09 11.57±0.01 09.20±0.36 12.12±0.05 10.67±0.04 
Sol-gel transition temp (℃) 36±0.10 35±0.42 37±0.51 35±0.30 36±0.12 37±0.81 
%CDR at 504th h 97.06±2.06 95.96±1.22 95.09±2.12 96.05±1.04 96.16±2.50 94.14±1.09 

Results are expressed as mean±SD (n=3) 

 

Stability study of SF-ANS-NP-1 loaded in situ gel 

No significant changes in visual appearance, pH, viscosity, sol-gel 
transition, and % CDR were observed during the 3-month stability 
study shown in table 7. Hence the formulation can be found stable 
for at least a period of 3 mo [49]. 

CONCLUSION 

A biodegradable polymer SF was used to successfully develop ANS 
NPs by solvent change and solvent precipitation methods. The ANS 
was well-encapsulated in both formulations, with particles ranging in 
size from 181.70 to 421.60 nm. In situ gel formulation incorporating 
SF-ANS-NPs-1 showed prolonged in vitro drug release and desired 
stability. The current study effort has shown how to translate a 
theoretical concept into a practical application and solve problems 
step-by-step. NPs based on SF would enable more prolonged therapy 
for breast cancer. It can dramatically increase patient compliance, and 
prolong the duration of that therapy will have an effect. However, 
there is a lot that could be done to treat and maybe prevent advanced 
cancer by starting cancer prevention at the earliest practical stage. In 
conclusion, it can be said that instead of using new therapeutic 
molecules, established drugs could be repurposed to develop stable 
and effective dosage forms for long-term BC treatment. 

LIST OF ABBREVIATIONS 

Abbreviation Definition 
BC Breast cancer 
ER. Estrogen receptor 
ANS Anastrozole 
NP Nanoparticle 
SF Silk fibroin 
PDI polydispersity index 
EE. entrapment efficiency 
DLS dynamic light scattering 
FT-IR Fourier-transform infrared spectroscopy 
PBS Phosphate buffer solution 
SD Standard Deviation 

DSC Differential scanning calorimetry 
PXRD Powder X-ray diffraction 
FESEM Field emission scanning electron microscopy 
HR-TEM High-resolution transmission electron microscopy 
CDR Cumulative drug release 
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