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ABSTRACT

Objective: The main goal was to avoid all the problems associated with usual breast cancer treatment by using 6-thioguanine as a nanostructure
lipid carrier (TG-NLCS). This was accomplished by administering an effective and targeted dose of 6-thioguanine (TG) to the tumour site using a
long-lasting and biodegradable delivery system.

Methods: A combination of heat homogenization and ultrasonication was used to implement the emulsification process. To obtain the optimal
formulation, the prepared formulations were first assessed for particle size, Polydispersity Index (PDI), zeta potential, entrapment efficiency, and
drug loading capacity. Additionally, a range of physicochemical characterization techniques were employed, including dissolution studies, melting
point determination, Fourier-Transform Infrared (FTIR) spectroscopy, and Field Emission Scanning Electron Microscopy (FESEM), as well as
cytotoxicity assessment of TG-NLCs in MCF-7 breast cancer cells.

Results: The selected formula, TG03, showed a zeta potential of-13.5+0.27 mV and a particle size of 149+0.55 nm. This was further examined using
a FESEM. In the in vitro drug release study, the formula demonstrated better-controlled drug release for 48 h in comparison to other formulations.
In addition, the significant anti-proliferation activity of TG-NLCs against the MCF-7 breast cancer cell line.

Conclusion: Nanostructured lipid carriers (NLCs) are one type of multifunctional nanoparticle that includes many combinations of lipids and

medicines for various delivery routes.
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INTRODUCTION

Nanotechnology-based drug delivery systems are now being utilised
as effective approaches not only to improve therapeutic efficacy but
also to reduce the adverse reactions of cancer chemotherapy [1].

Chemotherapy is a fundamental form of treatment for cancer
patients. The major challenge in breast cancer chemotherapy has
been the deleterious impact of anticancer medications on healthy
cells and the resistance of some patients to respond to treatment [2].

Thioguanine (also known as 6-thioguanine and tioguanine) is a
purine antagonist and an anticancer medication that operates by
affecting DNA and RNA. It is quite beneficial in children with acute
leukaemia, choriocarcinoma, and solid malignancies. It destroys cells
with extraordinarily fast growth kinetics without differentiating
between normal and abnormal cells.

Thioguanine (TG) is a pale yellow, crystallised powder that is
essentially insoluble in water, alcohol, and chloroform but dissolves
in dilute alkali hydroxide solutions. It has a molecular weight of
167.2 g/mol and a molecular formula of CsHsNsS. The TG chemical
structure [3] is shown in fig. 1.

Notwithstanding its use in cancer chemotherapy, the purine
derivative has been linked to several adverse effects [4]. People who
have a hereditary impairment in the thiopurine S-methyltransferase
enzyme are at increased risk of adverse effects [5].

There are many approaches for decreasing or avoiding treatment side
effects. Loading TG into NLCs is one effective method for overcoming
the adverse reactions of this anticancer medication [6]. NLCs are now
recognised as a promising candidate in the treatment of cancer,

suggesting that they provide a versatile base for the delivery of
medicines [7].
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Fig. 1: Displays the chemical structure of thioguanine [8]

MATERIALS AND METHODS

The procurement of TG was conducted through the acquisition of
Hangzhou Hyper Chemicals Limited. Miglyol®812 was procured
from Merck and IOl Oleo (Germany), whereas Cetyl Palmitate (CP),
Poloxamer 188 (P188), Lecithin from Soybean, Vitamin E
Polyethylene Glycol Succinate, Tween®80, and Compritol® 888 ATO
were obtained from HyperChem®, Zhejiang, China. The MCF-7 cell
line, derived from human breast cancer cells, was obtained from the
National Cell Bank of Iran, located at the Pasteur Institute of Iran in
Tehran.

Method
The melting point of drug

The melting point of the drug powder was determined using an
electrical melting point instrument and the capillary tube
technique, as specified by the USP. A 10 cm long and 1.2 mm
internal diameter capillary tube was dipped in the drug powder,
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closed from one end, and put inside the melting point device,
where the temperature was gradually raised. The temperature at
which the medication powder changed from solid to fluid was
measured at the melting point [9].

Determination of maximum absorbance of drug

To ascertain the maximal absorbance (@max) of the medicine, to
make a solution, 10 mg of the medication was dissolved in one
millilitre of dimethyl sulfoxide (DMSO). Within the region of 200-
400 nm using UV-Vis spectroscopy, the ultraviolet spectra of one mg
per ml solution in DMSO were studied to determine what elements
were present [10].

Preparation of the calibration curve

Calibration curves of TG in DMSO solutions were constructed by
preparing serial dilutions of TG with different concentrations of 5-25
ug/ml from a concentration that is stored as a stock solution of 1000
pug/ml. Samples were analysed spectrophotometrically at the
wavelength of maximum absorbance of TG. The measured
absorbances were recorded and plotted versus the respective
concentrations [11].

Preparation of nanostructured lipid carriers

To prepare NLCs in the same way as before, the emulsification and
solvent evaporation processes were applied [12]. The oily phase
consisted of TG, a mixture of liquid and solid lipids. On the other
hand, the composition of the aqueous phase was a blend of
surfactant and co-surfactant in deionized water [13]. The mixtures
were subsequently introduced into a sonicator bath set at a
temperature of 25 °C and subjected to sonication on five occasions,
each lasting five minutes. The sonication process was carried out
using a probe-type ultrasonicator (Misonix S-4000 Sonicator, USA)
at an amplitude of 50%, with an interval of eight seconds between
each sonication cycle.

This procedure aimed to generate a finely dispersed emulsion. The oil
phase and an aqueous stage were preheated individually to a
temperature of 75 °C before carrying out this procedure.
Subsequently, the oil phase was carefully transferred into the aqueous
phase dropwise. Subsequently, the pH of the formulations was
modified to 7.4 by employing 1N NaOH. The resulting precipitated TG
was eliminated from the solution through filtration using a membrane
filter with a pore size of 0.45 micrometres. At a temperature of four
degrees Celsius, the formulations were kept in containers that were
airtight and shielded from light [14]. In this particular investigation,
the type of sterilisation that was carried out was membrane filtration
sterilisation (the experiment was conducted with a membrane filter
featuring a pore diameter of 0.22 microns) [15].

Analysis of the size distribution of nanoparticles

The particle size, polydispersity index, and zeta potential of TG-NLCs
were determined using a Zetasizer-ZS instrument manufactured by
Malvern Instrument (UK). Subsequently, measurements were taken
for the mean of particle sizes, polydispersity index, and standard
deviations of zeta potential. To prevent the agglomeration of
particles, measurements were conducted repeatedly [16].

Drug entrapment efficiency and drug loading capacity

Indirectly, we were able to compute the entrapment efficiency (%EE)
in addition to the drug loading capacity (%DL) by evaluating the
unbound TG in the NLCs. These percentages correspond to the amount
of TG successfully encapsulated in the NLCs. The concentration of
unbound drug that was not captured was calculated using an
ultrafiltration method. In this experiment, a volume of 5.0 ml of TG-
NLC solution was introduced into the ultra-centrifugal tube (MWCO of
10 kDa).

The tube was then subjected to centrifugation at a speed of 5,000
rpm for 30 min. Ultrafiltration with free drug and unentrapped TG
concentrations was analysed using UV-Vis spectroscopy. The
equations used to determine the %EE and the DL% are as follows:

%EE = “L2E % 100...... (1)
T
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Where the weighted total (WT) refers to the overall weight of the
drug being analysed. The weight-free (Wf) represents the amount of
drug that is discovered in the supernatant after the aqueous
dispersion has undergone ultrafiltration. Lastly, the weight of the
lipid (WL) corresponds to the weight of the lipid used in the
experiment [17].

Fourier-transform infrared spectroscopy

To investigate any potential interactions between TG and other
excipients and to confirm the drug's identification, FTIR
spectroscopy (FTIR-8400S, Shimadzu, Japan) was utilised.
Spectroscopic analysis was conducted on both the isolated drug
compound and various physical mixtures of the drug and lipids.
Every individual sample was accurately measured and processed on
a potassium bromide (KBr) disc [18]. The spectrum was subjected to
scanning with a frequency resolution ranging from 400 to 4000 cm-.

Field emission scanning electron microscope

The FESEM instrument used in this study was the Hitachi S-4160,
manufactured in Japan. It was employed to get topographic and
fundamental data for the selected formula (TG03). The scanning
electron microscope electron gun's field-emission cathode produces
narrower beams at higher and lower electron energies; this leads to
a higher temporal resolution and reduced sample loading and
degradation. In the context of applications that necessitate the
utilisation of the largest feasible aperture [19].

A study on cell culture

MCF-7, a human breast cancer cell line was cultured in DMEM
supplemented with 10% FBS (foetal bovine serum) and 1%
penicillin/streptomycin at 37 °C in a humidified atmosphere with 5%
COz. The cells were trypsinized, resuspended in complete media (DMEM
with FBS and antibiotics), and counted at 80% confluence to determine
cell density. A phase-contrast microscope (Olympus CKX41) was used to
evaluate the overall appearance of the cells. Microphotographs were
obtained with objectives 4 and 10, respectively [20].

Cytotoxicity assay

MCF-7 cells were inoculated into a 96-well plate with a cellular
density of 2x10% cells per well. The cell culture medium was
replaced with medicine at concentrations of 0, 0.1, 0.5, 1, 5, 10, 50,
and 100 pg/ml after 24 h of incubation. After 72 h, the supernatants
were subjected to extraction. Subsequently, a volume of 50 ul of
fresh Dulbecco's Modified Eagle Medium (DMEM) was introduced
into each well, along with an additional 50 pl of 5-mg/ml 3-(4,5-
dimethyl thiazolyl)-2,5-diphenyltetrazolium bromide (MTT). The
resulting mixture was then incubated for a duration of 3to 4 h at a
temperature of 37 °C within a controlled environment, including 5%
carbon dioxide (COz) and adequate humidity.

Afterwards, 150 pl of dimethyl sulfoxide (DMSO) was introduced
into each well with agitation for 15 min. The absorbance
measurement was conducted at a wavelength of 570 nm with a
microplate reader (Biotec, Tecan US, Inc.). The viability of the
treatment groups was reported as the percentage of controls, which
was set at 100%. The mean and the standard error of the mean
(SEM) of cell viability for each treatment were determined [21]. The
following formula calculates the cell viability (%):

- _[As _ Ap
Cell viability (%)_[AC Ab]x100 ............. 3)
The variables denoted as "As,” "Ac,” and "Ab" represent the
absorbance values of the experimental wells, control wells, and
blank wells, respectively [22].

ICso determination

The current investigation sought to investigate the cytotoxic impacts
of three distinct concentrations of the substance. (1, 2, and 5 pg/ml)
of both free drugs and manufactured drugs on MCF-7 cells. The
cytotoxicity was assessed using the MTT test. The control cells were
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cultivated concurrently in a standard medium, specifically,
Dulbecco's Modified Eagle Medium (DMEM) supplemented with 1%
antibiotic penicillin/streptomycin, for 72 h. In addition, the
biocompatibility of the drug carrier was evaluated through the
treatment of cells with a polymer devoid of any medication [23].

In vitro drug release study

The in vitro release experiments of NLC took place with the use of a
dialysis bag molecular weight cut-off (MWCO 8000-12000, Viskase
Companies, USA), which was previously submerged in a dissolving
medium for an entire night.

The receptor medium and sink conditions were established using
fifty millilitres of a buffer containing phosphate with a pH of 7.4. In
the dialysis bag, one millilitre of the NLC was put, and the incubator
agitator was used to agitate the dialysis bag at a speed of 1002
revolutions per minute (rpm) while keeping the temperature of the
medium at 37+0.5 °C.

The sample that was withdrawn and the quantity of TG released in
each sample were determined by the use of a UV-Vis spectroscopy set
at a wavelength of 348 nm. A count of the total amount of medication
that was discharged was determined. The values that have been
reported are the averages of three separate replicates [24].

Statistical analysis

The results of the experimental study were presented as the mean of
triplicate modelststandard error of the mean (SEM). These results

Int ] App Pharm, Vol 16, Issue 3,2024,167-175

were analysed using a one-way analysis of variance (ANOVA) to
assess the statistical significance of the changes in applied factors. A
significance level of (P<0.05) was used to determine if the observed
changes were statistically significant, while a significance level of
(P>0.05) indicated non-significance [25].

RESULTS AND DISCUSSION
Drug characterization

The drug melting point was measured by an electrothermal melting
point apparatus according to USP and was 365 °C. This result was
aligned with the reported values [26] that might indicate the purity
of the powder sample used in the study [27].

The drug was scanned in DMSO with UV-Vis spectroscopy at a
concentration of 150 pg/ml at 200-400 nm, with the peak
showing the Amax of 348 nm. The melting point and Amax,
according to USP, confirm the label on the drug sample of
thioguanine [9].

The calibration curve of TG

The thioguanine calibration curve in dimethyl sulfoxide (DMSO)
is shown in fig. 2. The plotting of absorbance against
concentrations resulted in a straight line. The square correlation
coefficients (R2?) were 0.999. This means that the calibration
curve complies with the law of Beer in the range of
concentrations used.

y =0.0303x + 0.0024
R?=0.9993
0.8 +
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Q
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=
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Fig. 2: Displays the calibration curve of thioguanine in dimethyl sulfoxide

The process of preparing TG-NLCs

The study presents five formulations of TG-NLCs (TGO1-TGO5) as
outlined in table 1, which aim to have a heightened therapeutic
impact while simultaneously reducing adverse effects. The
experimental procedure involved the incorporation of a lipid
combination consisting of both solid and liquid lipids, together with
a drug compound, into an organic solvent. This mixture was
subsequently emulsified in an aqueous phase. The melting lipid
phase was added to the aqueous phase at a rate of approximately 1
ml per minute in a dropwise manner. Following the process of

solvent evaporation, the lipid undergoes precipitation, resulting in
the formation of NLCs.

The organic solvent serves as the solvent for the chemotherapy
drug, facilitating its dissolution. Subsequently, the resulting NLCs,
which contain the drug, can be dried without the requirement of
additional NLC preparation at high temperatures. Moreover, the
efficacy of this procedure is constrained by the existence of
residual hazardous compounds within the outcome, potentially
resulting in systemic toxic manifestations after administration
[28].

Table 1: The composition of the nanostructured lipid carriers formulations loaded with TG

Formula TG (mg) CP (mg) Compritol (mg) Miglyol®812 (mg) TPGS (mg) Lecithin P188 Tween®80 DW

(mg) (mg) (mg) (ml)
TGO1 40 100 100 35 5 10 5 10 100
TGO02 40 150 50 35 5 10 5 10 100
TGO3 40 50 150 35 5 10 10 10 100
TG04 40 50 150 35 5 10 5 10 100
TGOS 40 50 150 35 5 10 10 5 100

TG-Thioguanine, CP-Cetyl palmitate.
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Particle size distribution and polydispersity index

NLCs are classified depending on their size, form, and loading
capacity. In this work, NLCs were generated using the previously
reported approach [29], and FSEM was used to establish their size
and shape. The cellular absorption of NLCs is greatly influenced by
particle size and shape [30]; as a result, spherical forms are the best
options for efficiently eliminating cancer cells [31]. Smaller sizes are
thought to be less toxic [30].

The TG-NLCs were synthesised using a specific formula, and the
particle sizes observed were found to be in the submicron range, as
indicated in table 2 and fig. 3. The particle size assessment plays a
critical role in the characterization of lipid nanoparticles, as it
directly impacts the ratio of Compritol® 888 ATO (glyceryl
behenate) and Cetyl Palmitate (CP) with Poloxamers 188.

Poloxamers have also been shown to sterically stabilise
nanoparticles and limit the adsorption of plasma proteins or opsonin
on the surface of nanoparticles by imparting a hydrophilic feature to
the surface of nanoparticles, hence preventing the clearance of drugs
containing LNPs from circulation [32].

The stable NLCs would also provide a longer shelf life and reduce
noxiousness. Site-specific NLCs, specifically those recommended,
should be carriers of chemotherapeutic agents and have a diameter
of 50-300 nm [33].

These nanoparticles can take advantage of leaky vasculature and
accumulate in the tumour due to their small size. This so-called EPR
effect (enhanced permeability retention) seems especially effective
for a tumour with extensive vasculature [34].

Z-Avernge (d.nm): 149 Panak 1:
Pdl: 0469 Paak 2;
Intercept: 0937 Peak 3:
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Analysis of zeta potential

The assessment of zeta potential values of the formulated TG-NLC
formulation is essential in analysing the system's stability
throughout extended storage periods. The electrical potential at the
particle shear plane is quantified by the zeta potential value. A
higher zeta potential value indicates excellent stability in the
colloidal system (fig. 4). This increased stability can be attributed to
the stronger repulsion between nearby particles that possess
identical charges. Consequently, the repulsion inhibits the
aggregation of particles.

Efficiency of drug entrapment and capacity for drug loading

The term "entrapment efficiency” (%EE) refers to the proportion of
medicine successfully entrapped within the lipid matrix of
nanoparticles by the entrapment process. This percentage is
expressed as a percentage of the total amount of drug that is
introduced during the formulation process of lipid nanoparticles.
The term "loading capacity of drug (%DL)" is the percentage of drug
content present within lipid nanoparticles about the overall mass of
the lipid matrix. This percentage is called the "loading capacity of the
drug” [15].

The encapsulation efficiency (EE) values of TG-NLCs are presented
in table 3, all of which exceeded 88%. Based on these findings, it
appears that the NLC exhibits a favourable capacity to encapsulate
TG, which may be a result of the high lipid solubility of TG. This
suggests that the lipid modification does not affect the encapsulation
efficiency with a drug loading of TG-NLCs. There was no statistically
significant difference found in the drug loading (DL) or
encapsulation efficiency (EE) between the TG-NLCs.
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Fig. 3: It shows the DLS-derived size distribution statistics for the chosen formula
Table 2: The values of particle size, PDI, and zeta potential
Code Particle size PDI Zeta (mV)
TGO1 510+0.55 0.833+0.002 -24.8+0.42
TGO2 379+0.41 0.918+0.003 -24.2+0.23
TGO3 149+0.13 0.469+0.002 -13.5+0.27
TGO4 192+0.15 0.532+0.003 -11.6+0.15
TGO5 201+0.25 0.654+0.004 -10.9+0.29

All data showed mean+SEM (n = 3); n is the number of observations, PDI: Polydispersity Index.
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Mean (mV) Area (%) Width (mV)
Zeta Potential (mV): -13.5 Peak 1: -13.5 100.0 5.60
Zeta Deviation (mV): 5.60 Peak 2: 0.00 0.0 0.00
Conductivity (mS/em): 0.560 Peak 3: 0.00 0.0 0.00

Zeta Potential Distribution
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Fig. 4: Illustrates the zeta potential of the chosen formulation, which provides insight into the electric charges exhibited by the produced

nanomaterials

Table 3: The drug entrapment efficiency and drug loading capacity percentage

Code %Entrapment efficiency %Loading capacity
TGO1 94.42+0.35 6.44+0.53
TG02 93.75+0.15 6.53+0.74
TGO3 94.87+0.22 6.28+0.37
TG04 88.59+0.51 6.96+0.46
TGOS 92.43+0.64 6.35+0.32

All data showed mean+SEM (n = 3), n is the number of observations.

Fourier-transform infrared spectroscopy

The application of FTIR spectral analysis is valuable for assessing
the compatibility between drugs and additives and is a crucial aspect
in the selection process of excipients. FTIR is employed to
investigate potential alterations in the drug molecule throughout the
manufacturing process of nanostructured lipid carriers. Fig. 5 (A and
B) depict the normal FTIR spectra of thioguanine (TG), as well as the
FTIR spectra of pure TG and a physical combination.

As shown in fig. 5B, the absorption bands observed for pure TG
exhibited the distinctive characteristics of pure TG. These included
peaks at 3285 in addition to 3121 cm-1; it was by the stretching of
the amine group in both asymmetric and symmetric directions.
Additionally, absorption bands were observed at 1669 and 1625
cm-1, indicating the presence of C=N and C=C bonds, respectively.
Furthermore, a peak at about 1541 cm-! was observed, indicating
the presence of C=S stretching groups within the TG range. The
bands observed at wavenumbers of around 3284 and 3120 cm-!
correspond to the vibrational modes associated with the
asymmetrical, symmetrical, and stretching motions of the NH bonds,

respectively. The TG-FTIR spectrum was corroborated by all the
other bands.

Fig. 5A demonstrates the FTIR spectra of NLCs. It has been found that
there is no perceptible interaction between medicine and the
excipients that are being used. The peaks of the drug and the excipient
can be distinguished from one another and analysed using the
spectrum [35].

Field emission scanning electron microscope

The study involving FESEM was conducted to obtain data regarding
the morphology of the TG-NLCs. To mitigate the accumulation of
electrostatic charge on the surface, the state of the FESEM must be
grounded or conductive.

Fig. 6 of the optimized formula (TGO03) exhibits predominantly spherical
shapes, with the size of TG-NLCs falling inside the nanoscale scale. Based
on the FESEM image analysis of the TG-NLCs, it was observed that the
samples exhibited a uniform distribution and spherical morphology,
indicating a well-dispersed nature of NLCs.

NH str.
asym.

5 NH str. sym.

Fig. 5: Displays the fourier-transform infrared spectra of (A) a physical mixture of TG-NLCs and (B) pure thioguanine
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Fig. 6: Displays the field emission scanning electron microscopy images of the thioguanine analysis of the selected formula of
nanostructured lipid carriers

In vitro release of thioguanine-loaded nanostructured lipid
carriers

In this study, we examined the impact of NLCs on the liberation of
thioguanine by an in vitro approach, utilising a dialysis bag to
measure drug release. The release of TG from the NLC system, as
seen in vitro, ranged from around 45.72% to 71.92% after 48 h, as
shown in table 4 and fig. 7. The release rate of TG from all NLCs
varied significantly depending on the mix of oil and lipid phases.

In a prior study, it was reported that the release of TG from TGO1
was lower compared to that from a lipid emulsion, with levels
ranging from around 1.60% to 11.38% at 48 h [36].

The typical release profile exhibits two distinct phases, namely an
initial burst release (seen in TGO1 and TGO5) attributed to the drug
residing on the surface of the nanoparticles, after which there is a
continuous release of the medication from the core component [37].

The utilisation of lecithin has been found to promote attachment,
leading to more rapid degradation compared to steric stabilisers like
poloxamers. This is due to the stearic hindrance caused by

poloxamers, which impedes the attachment process and hence slows
down the degradation, as documented in previous studies.

Furthermore, it was discovered that the rate of TG release was
significantly influenced by the specific oil phase employed. The
observed phenomenon may be attributed to the inclusion of solid
lipids, specifically Compritol® and CP. The combination of melted
solid lipids and liquid lipids resulted in an elevated viscosity of the
particles, thereby causing a decelerated release rate [38]. The
findings of this study provide evidence that the integration of TG
into NLCs is more advantageous compared to the utilisation of lipid
nanoparticle delivery systems. Furthermore, the absence of any
abrupt release of drugs in TGO3 suggests the potential for sustained
release of TG from lipid nanoparticle delivery systems.

Cytotoxicity assessment

In this study, the efficiency of TG-NLCs in MCF-7 breast cancer cells
was studied in vitro by MTT assay. Firstly, the ICso was 1.75 pg/ml, and
the range of free TG was between 1 and 5 pg/ml, with a cell viability
mean of 53% and 40%, respectively, as shown in table 5 and fig. 8.

Table 4: The cumulative amount of TG (TG01-TGO05) in phosphate buffer with a pH of 7.4, at a temperature of 37%0.5 °C

TGO1 TGO2 TGO3 TG04 TGOS
Time (h)  Concentration (ug/ml) Concentration (ug/ml) Concentration (ug/ml) Concentration (ug/ml) Concentration (ng/ml)
2 9.47+0.07 8.35+0.10 5.76+0.05 4.71+0.10 8.95+0.03
4 12.83+0.11 11.23+0.16 10.06+0.19 8.92+0.12 11.45+0.08
8 18.34+0.13 16.81+0.12 16.08+0.13 19.73+0.16 20.22+0.11
12 21.69+0.24 22.74+0.11 22.32+0.20 26.22+0.14 24.81+0.28
18 25.46+0.09 27.66+0.08 33.62+0.11 33.49+0.19 22.98+0.13
24 27.51+0.21 32.92+0.22 37.87+0.16 35.78+0.22 25.46+0.24
36 32.55+0.18 44.52+0.14 51.32+0.09 52.59+0.20 39.52+0.18
48 45.72+0.27 54.12+0.17 71.92+0.21 67.27+0.25 57.13+0.23
All data showed mean+SEM (n = 3); n is the number of observations.
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Fig. 7: The cumulative amount percent of TG (TGO1-TGO05) in phosphate buffer with a pH of 7.4, maintained at a temperature of 37+0.5 °C.
Error bars are omitted

Table 5: The cell viability percentages of concentrations of free TG

Concentration (ng/ml) 0 0.1 0.5 1 5 10 50 100
103.69 85.97 60.38 51.84 37.75 36.43 22.33 19.37
98.39 83.89 58.93 53.49 39.69 36.36 21.87 18.77
97.93 84.98 59.91 53.49 41.77 3291 19.76 18.58
Mean 100 85 60 53 40 35 21 19
SEM 1.85 0.60 0.43 0.55 1.16 1.16 0.79 0.24
n = 3, n is the number of observations.
The MTT assay has evaluated TG cytotoxicity in the MCF-7 cell line. investigated on the MCF-7 cell line at TG of 1, 2, and 5 pug/ml and
The cellular toxicities of free TG, blank NLCs, and TG-NLCs were were incubated for 72 h (fig. 9).
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Fig. 8: Illustrates the impact of varying concentrations of unbound medication on the survival rate of the MCF-7 cell line over 72 h of
exposure. The data are presented as the mean+SEM (n = 3)

Fig. 9: Exhibits the morphological properties of MCF-7 cells, with the magnification of the A and B images being x4 and x10, respectively

The cytotoxicity of TG-NLCs and blank NLCs in comparison to free TG at
equivalent concentrations (fig. 10). The anti-proliferation properties of
both free TG and TG-NLCs were evaluated in cell culture research using
MCF-7 cells. A notable decrease in cell proliferation was seen when the
MCF-7 cell line was treated with TG-NLCs, as compared to the control
experiment. Nevertheless, the findings indicated a significant decrease in
the proliferation of MCF-7 cancer cells when exposed to concentrations
of 1, 2,and 5 pg/ml of TG-NLCs.

In the present investigation, as indicated in table 6, a statistically
significant difference was observed in the concentration of free TG
and TG-NLCs in each concentration. The results demonstrate that
both free TG and TG-NP exhibit dose-and time-dependent anti-
proliferation effects on this particular cancer cell line. Furthermore,

TG-NLCs exhibit a much higher level of anti-proliferation action
compared to free TG across all incubation doses. In general, this
work confirms that the use of TG-NLCs considerably enhances anti-
proliferation activity.

The absorption of TG-NLCs by MCF-7 cancer cells could be enhanced by
electrostatic contact [31]. As previously documented [24], nanoparticles
possess an inherent resemblance to several biological entities at the
nanoscale, including proteins, viruses, and cellular components.

This similarity enables their internalisation and subsequent
transportation to the lysosomes, where they undergo digestion [39].
Similarly, the MCF-7 cell line can internalise TG-NLCs by engulfment
and subsequent transport to the lysosome. Within the lysosome's

173



A. A. Hashim et al.

low pH environment, the thiol group of TG becomes protonated,
resulting in the distribution of complementary medication. The

Int ] App Pharm, Vol 16, Issue 3,2024,167-175

unbound medication subsequently permeates the cell in a manner
that is comparable to the diffusion of unbound TG [40].

Table 6: Cytotoxicity of both free drug and TG-NLCs on the MCF-7 cell line following a 72-hour exposure period

Formula Blank Free drug TG-NLCs
Control P1 P2 P5 D1 D2 D5 TG1 TG2 TG5
100.52 73.72 69.16 68.8191 52.73 51.33 42.13 36.11 29.36 25.90
101.16 74.70 69.16 66.07 56.39 50.92 44.40 36.90 29.51 25.67
98.33 74.78 73.76 72.63 50.70 47.98 39.87 35.31 29.06 26.23
Mean 100 74 71 69 53 50 42 36 29 26
SEM 0.86 0.34 1.53 1.9 1.67 1.06 1.31 0.46 0.13 0.16
n = 3; n is the number of observations.
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Fig. 10: The cytotoxicity of both the free drug and TG-NLCs on the MCF-7 cell line over a 72-hour exposure period. The data are presented
in the form of a mean+SEM with a sample size ofn = 3

CONCLUSION

In this study, the anti-proliferation properties of free TG and TG-
NLCs against the MCF-7 breast cancer cell line were investigated and
compared. The results demonstrated that NLCs considerably
improve TG's anti-proliferation activity, which could be due to
increased intracellular uptake of this drug via the endocytosis
mechanism. As a result, the increased anti-proliferation efficacy of
TG via NLC carriers may allow for a reduction in overall drug
concentration, renal clearance, and side effects during cancer
treatment.
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