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ABSTRACT

Objective: The load of low-soluble drugs, such as celastrol (Celas) in mesoporous silica nanoparticles (MSNs), increases the solubility and
physicochemical stability of the drug. This study investigated the performance of MSNs loaded with Celas to counteract adenocarcinoma gastric
(AGS) cells.

Methods: MSNs with amine surface modification (MSN-NH:2) were prepared using the sol-gel method. MSN-NH: were loaded with Celas and surface
coated with Eudragit® RS 100 (Eud). The methods evaluated final prepared Celas@MSN-NH2/Eud as scanning electron microscope (SEM), Energy-
dispersive X-ray spectroscopy (EDAX), thermal gravimetric analysis (TGA), Brunauer-Emmett-Teller (BET), Fourier-transform infrared spectroscopy
(FTIR) and dynamic light scattering (DLS). Final nanoparticles were investigated for loading and release of Celas by spectrophotometric method. In vitro,
the antiproliferative activity of free Celas and nanoparticles in AGS cell lines was evaluated using an MTT assay. The apoptosis rate of AGS cells was
assessed according to the instructions of the FITC Annexin-V apoptosis detection kit and by flow cytometry.

Results: SEM results showed particles with an approximate size of 50 nm, and XRD results proved the crystal structure of MSNs. BET and Barrett-
Joyner-Halenda (BJH) plots showed the surface area above 980 m2/g and the pore size of these particles at 2.8 nm, respectively. The FTIR results
demonstrated the chemical structure of nanoparticles. The loading capacity of Celas@MSN-NHz/Eud with Celas was 2.6%, and the release of Celas
from the nanoparticles increased under the influence of acidic pH. Anti-proliferative activity on AGS cells was increased in growth inhibitory effect
by Celas@MSN-NHz/Eud than free Celas. The ICso and confidence intervals (CI) 95% of the Celas was 0.3756 (CI 95%:0.3207-0.44 uM), higher than
that of Celas@MSN-NHz/Eud, which was 0.1456 (CI95: 0.1277-0.1668 pM) against AGS cells. Examination of cellular apoptosis also showed

heightened primary apoptosis in Celas-loaded nanoparticles compared to the same Celas concentration.

Conclusion: According to the obtained results, it can be said that Celas@MSN-NHz/Eud exhibited good anticancer activity against AGS cells. We
conclude that using MSNs with Eud coating is suitable for Celas drug delivery to gastric cancer cells.
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INTRODUCTION

Gastric cancer is one of the most common epithelial cancers today
[1-3]. The incidence of Adenocarcinomas is about 95% of malignant
gastric tumours, and the remaining 5% are lymphomas, stromal
tumours, and other rare tumours [4]. Although the prevalence of
gastric cancer has decreased with the improvement of lifestyles in
recent decades, gastric cancer is still the second leading cause of
cancer death worldwide [5]. Most patients diagnosed with gastric
cancer are at an advanced stage of the disease at the time of
diagnosis. Unfortunately, superficial and curable gastric cancers
usually do not cause symptoms [6, 7].

Chemotherapy has significant benefits for patients after relapse
surgery, such as increased survival, symptom control, and improved
quality of life [4]. Recurrence of the disease is often seen after gastric
cancer surgery. Chemotherapy is a good option to continue the
treatment process, but due to various side effects, its use is limited
and careful [8].

Apoptosis is a highly organized, programmed cell death process that
plays a vital role in many of the normal functions, such as fetal
growth to adult hemostasis [9]. Many apoptotic inducers are derived
from medicinal plants [10], with numerous reports suggesting that
such compounds may play a role in preventing or treating human
cancers [11, 12]. These studies have shown that bioactive
compounds lead to the apoptosis of cancer cells [13-15]. Recently,
herbs have been considered with promising clinical results due to

their positive effect in the treatment of cancer [16-18]. However,
many herbal medicines' composition and mechanism of action
remain unknown.

Celas is a triterpenoid isolated from Tripterygium wilfordii of the
boxwood family. Celas is effectively used to treat autoimmune
diseases, asthma, chronic inflammation, neurodegenerative diseases,
and cancers [19, 20]. But one of the disadvantages of Celas is its very
low solubility in water, which reduces its effectiveness. Most
anticancer drugs are insoluble in water, and using nanoparticles to
improve the drugs’ water solubility has attracted much attention
[21]. MSNs are a suitable choice of nanoparticles to increase the
solubility of hydrophobic drugs [22]. MSNs with high surface areas
adsorb drugs in molecular or amorphous forms in their pores or
surfaces, enhancing drug dissolution [23].

Conventional chemotherapy agents are distributed nonspecifically
throughout the body to the extent that they affect both normal and
cancer cells. In this way, the achievable dose in the tumour is
reduced, and excessive toxicity leads to suboptimal treatment [24,
25]. The unique properties of MSNs, such as high pore volume and
large surface area, are functionalization surface areas for application
in controlled drug delivery and release. Modification of MSNs by
some agents makes it possible to target delivery. Amine functional
groups on MSNs improve their pH-sensitive release Kkinetic
properties, an essential factor for targeted drug release near the
acidic cancerous tissues, and inhibit toxic side effects [26].
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Design and preparation of controlled-release drug systems are more
useful in disease management. Mesoporous silica material is more
noticeable for this purpose. Indeed, the high volume of mesoporous
silica porosity sets some active biological material inside these
pores. Therefore, a regular network of these porous materials is
directed to proper loading and release results. MSNs with high
loading capacity and vast surface area are presented as suitable
carriers for drug delivery.

On the other hand, MSNs show great potential for controlled drug
release by using materials such as nanospheres, organic molecules,
or supermolecules as door cappers or coated layers [24]. Therefore,
the systems with sensitive release capability to factors such as light,
pH, or other chemical motivations have been obtained [24, 27, 28].
Veneer is also a standard method for creating a controlled release
system that uses polymers and liposomes [29]. Eudragit is a
synthetic acrylic polymer often used in solid pharmaceutical forms.
Since they have great chemical stability and compatibility for many
applications in various products with different physical and
chemical properties [30]. Non-pH-dependent forms of Eudragit, such
as RL, RS, and NE, used in films or coats of some dosage forms cause
slow drug release [31, 32]. This material has many applications in
the formulation of MSNs to obtain a suitable release profile [33].

Although current treatments have been able to improve the
prognosis of cancer patients, many of these tumours do not respond
to current treatments. Therefore, in the case of gastric cancer, as in
other cancers, efforts are being made to find more effective drugs
with fewer side effects. This study aims to place insoluble drugs such
as Celas in MSNs to increase solubility and physicochemical stability.
Moreover, targeted drug delivery is improved by releasing Celas
under the influence of pH with a longer duration by using
modification and Eud coating on the surface of MSNs. This study
investigated the performance of MSNs loaded with Celas to
counteract gastric cancer cells. The results of this study could help to
evaluate the possibility of using Celas@MSN-NHz/Eud as a suitable
drug carrier in the treatment of gastric cancer in future studies.

MSNs-NH2 with CTAB
MSNs-NH2 without CTAB

Rod shap micells
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MATERIALS AND METHODS
Materials

Cetyltrimethylammonium bromide (CTAB), tetraethyl orthosilicate

(TEOS), 3-aminopropyl tetraethoxysilane (APTS), and all other
solvents and reagents were purchased from Merck. Darmstadt,
Germany) and used without further purification. Celas was from
Merck (Darmstadt, Germany), and Eud was obtained from Evonik
Industries, Essen, Germany. The AGS cell lines were purchased from
the National Cell Bank of Iran (Pasteur Institute, Iran). Other media
supplements for cell culture, such as Dulbecco’s Modified Eagle’s
Medium (DMEM) with high glucose, fetal bovine serum (FBS), and
amphotericin B, were purchased from Gibco (USA), and penicillin-
streptomycin solution from Sigma (USA).

Preparation of Celas@MSN-NH:/Eud

To prepare MSNs with internal amines by one-step and sol-gel
method, 1 g of CTAB was dissolved in 480 ml of distilled water and
3.5 ml of 2 M NaOH was added to it and at 1000 rpm was heated and
after reaching the solution temperature of 80 °C, 5 ml of TEOS and
0.21 ml of APTS were added dropwise and kept at 80 °C for 2 h [34,
35]. The obtained nanoparticles (MSN-NHz) were refluxed with an
ethanol solution of NH4NO3 at 80 °C for 6 h to remove CTAB and then
were washed several times with distilled water and ethanol. For
loading the drug inside MSN-NH2, 50 mg of prepared CTAB removed
MSN-NH2 was added to 5 ml of Cela's solution (2 mg/ml), and the
final mixture was stirred in the dark at room temperature for 24 h.

Then, the mixture was centrifuged at 10,000 rpm for 10 min. After
separating the supernatant solution, the particles (Celas@MSNs-
NH:) were washed with 5 ml of distilled water and dried using a
freeze-dryer. To coat the surface of nanoparticles, dissolve 100 mg
of Eud in 5 ml of ethanol and let it stir for 4 h. Afterward, the
solution was added dropwise to a mixture containing 50 mg MSNs-
NH: charged with Celas dispersed in 10 ml of deionized water and
refrigerated for 12 h. The final particles (Celas@MSNs-NHz/Eud)
were extracted by centrifugation and were dried with a freeze-dryer.

Celas@MSN-NH2
Celas@MSN-NH2/Eud

Fig. 1: Schematic illustration of the multistep synthesis of Celas@MSN-NH:/Eud

Investigation of the properties of Celas@MSNs-NH:/Eud

In the next step, prepared Celas@MSNs-NH2/Eud properties were
studied. The particle size and zeta potential were investigated by
zeta sizer. Also, SEM was used to study the morphological properties
of the coated and basic MSNs-NH.. To study the mesoporous
structure of nanoparticles, N2 adsorption-desorption device was
used to describe the pore volume and surface area of MSNs and also
the mesoporous character of it. The crystal structure of MSNs-NHz
was confirmed using XRD, and the silica and amino structure of
nanoparticles was confirmed using FTIR [36, 37].

MSNs-NH2 were loaded with Celas, and the amount of drug loaded
was measured by the following equations by a UV
spectrophotometer device at 450 nm:

% loading efficiency
_ theinivial amount of Celos — ameunt of celos in supsrnatant

=100

initial amount of celas (1)

% Loading capacity
_ theinitial amount of Celas —amount of Celas in supernatant

- gmount of Celas@MEN—NH2/Eud » 100 -(2)

The in vitro drug release from Celas@MSNs-NH2/Eud in two
phosphate buffer media with pH 5.5 and 7.4 was investigated by use of
the spectrophotometry method. 2 mg of Celas@MSN-NH:/Eud and 2
ml of phosphate-buffered saline (PBS) were added into a dialysis bag.
Afterward, the bag was closed and placed in 20 ml PBS, shaken at 100
rpm, and left at 37 °C in a dark place. The samples were taken at
different intervals, and fresh PBS was replaced. The released drug was
measured by a UV spectrophotometer and repeated 3 times.

Cell culture

The cells were cultured in DMEM at 37 °C in a humidified air
atmosphere containing 5% (v/v) CO2, supplemented with 10% FBS,
100 pg/ml of streptomycin, 100 Ul/ml of penicillin, and 0.25 pg/ml
amphotericin B and the required cell stock was prepared.
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Evaluation of cell proliferation by MTT method

Initially, the anti-proliferation effects of the Celas and Celas@MSNs-
NHz/Eud on AGS cell lines were identified. To evaluate anti-
proliferative activity, the cells were treated with different
concentrations of these compounds and cell viability was measured
by the ability of the mitochondrial enzyme succinate dehydrogenase
to cleave the tetrazolium salt 3-(4, 5-dimethylthiazol-20l) 2, 5
diphenyl tetrazolium bromide (MTT), and produce formazone with
blue color as described previously [38, 39]. Different dilutions of
Celas@MSNs-NHz/Eud were prepared with the same Celas
concentration as free Celas.

At this stage, 6 x 103 AGS cells per well were seeded onto 96-well
culture plates and incubated at 37 °C with 5% CO: for 24 h.
Subsequently, the overlay medium was removed, and the cells were
incubated with different Celas or Celas@MSN-NH2/Eud
concentrations at 37 °C with 5% CO2 for a further 48 h. After that,
the cell supernatant was removed, and each well was washed with
100 pl of PBS, and then 60 pl of MTT solution (1 mg/ml in PBS) was
added to each well. The plates were incubated for 4 h at 37 °C, and
100 pl of DMSO was added to the wells and placed on a shaker for 15
min. The absorbance was read on an enzyme-linked immunosorbent
assay reader at 570 nm. Each experiment was carried out in
triplicate, and the following formula determined the survival
percentage of the treated cultured cells:

absorbance of treated cells

percentage of survival = ( ) * 100

absorbance of control
The half maximal inhibitory concentration (ICso) of Celas or
Celas@MSN-NHz/Eud was determined by regression analysis and
relevant models with a regression probit model in the SPSS software
(version 16).

A Size Dstibution by Number B

Numbar (%)
=

7rta Potential Distridiicn ‘
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Evaluation of apoptosis by flow cytometry

In the next step, the effects of Celas and Celas@MSN-NH:/Eud on the
induction of apoptosis were investigated. AGS cells were cultured in
6-well plates for 24 h and incubated with one-time ICso
concentrations for 24 and 48 h. Then, the cells were gathered from
the bottom of the plates and washed twice with calcium buffer, re-
suspended in 100 pl of 1x binding buffer containing FITC-conjugated
annexin-V (2ul) and one pl of propidium iodide (PI; 100 pg/ml), and
left to incubate for further 20 min in the dark on ice and the samples
were analyzed by flow cytometry [40, 41].

Statistical analysis

Each experimental value was expressed as the mean#standard
deviation (SD). SPSS software (version 16) was used to obtain dose-
response curves by conducting nonlinear regression analysis. ICso
values were determined using a regression probit model in the SPSS
software (version 16).

RESULTS
Particle size, particle distribution, and zeta potential

The measured size of Celas@MSNs-NHz/Eud by DLS was 310 nm,
and 0.219 nm polydispersity index (PDI) referred to acceptable
particle distribution as homogenize and uniform (fig. 2A). Also, the
obtained zeta potential of MSNs-NH2 and Celas@MSNs-NH2/Eud
were 13.1 and 33.6, respectively (fig. 2B and 2C) the positive charge
of MSNs-NH2 reflected amine functional groups on them and
strongly positive zeta potential values exhibited the polycationic
Eud precipitated on Celas@MSNs-NHz/Eud, as a result of zeta its
acceptable within the range + 30 to ensure the stability of the
nanoparticles.

Zeta Potential Distrivuhon
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Fig. 2: A) Size distribution of Celas@MSNs-NH:/Eud. B) Zeta potential of MSNs-NHz. C) Zeta potential of Celas@MSNs-NHz/Eud

Evaluation of morphological properties of nanoparticles using
SEM microscope

TEM and SEM imaging of MSNs-NH2, according to fig. 3A and B, show
almost spherical particles with uneven surfaces and sizes between 50 to

SEM HV: 150 %V
SEM MAG: 75.0 kx 5
View fleid: 2.77 pm _ Date{midly): 12/17/19

100 nm and uniform particle size distribution. Moreover, the honeycomb
shape of the porosity is clear, too. Celas@MSNs-NH2/Eud had a size
between 200 to 300 nm and a smooth surface, as shown in fig. 3C, which
confirmed the DLS results. This is related to coating with Eud. Leads to
an increased size of nanoparticles.

MIRAI TESCAN _ SEM HV: 15.0 KV
SEM MAG: 75.0 kx Det: SE
RMRC FESEM View field: 2.77 pm _ Date(midy): 12126118

Fig. 3: A) TEM image of MSN-NH.. B) SEM image of MSN-NHz. C) SEM image of Celas@MSNs-NHz/Eud
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Surface area characteristics, pore size, and pore size

distribution of prepared nanoparticles using an N; adsorption-

pore size of 2-50 nm) by the distance between the adsorption and
desorption device

desorption branches and the sigmoidal shape of the isotherm. The
obtained BET diagram also showed a surface area of 981.95 m?/g
(fig. 4B), one of the main and important characteristics of MSNs. The

pore size of MSN-NH: (fig. 4C) was about 2.8 nm, calculated and
evaluated using the BJH equation.

Fig. 4A and table 1 show the isotherm obtained from MSN-NH,
which proves the presence of mesoporous particles (particles with a
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Fig. 4: A) Isotherm diagram of MSN-NH:. B) BET diagram of MSN-NH.. C) BJH diagram of MSN-NH:
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Table 1: BET result of the MSN-NH2
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Fig. 5: A) FTIR graph of MSNs-NH:. B) XRD diagram of MSNs-NH:
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Evaluation of surface modification on MSN-NH: by FTIR method

Fig. 5A shows the stretching Si-O bond at 1056 cm! as a sharp peak,
and at 790 cm, a stretching frequency of the Si-O peak was visible.
N-H and O-H stretching bonds presented a wide pe ak at 3400 cm™..
The peak observed at 2900 cm! is related to the stretching bond of
C-C, which proves the conjugation of amine groups on MSNs by
APTS.

Evaluation of crystalline properties of MSNs-NH: by XRD
technique

XRD results obtained from MSN-NH: are shown in fig. 5B. The peaks
around 26 = 1.8, 3.6, and 5.7, which were the reflection on pages
100, 110, and 200, proved the existence of a two-dimensional and
hexagonal structure, which is one of the characteristics of MSNs, and
the shift of these peaks than the pattern of MSNs was due to the
presence of amino groups.

A
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t (%)

+—MSN-NH2
+~Celas@MSN-NH2
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Evaluation and proof of surface changes on prepared
nanoparticles using the TGA method

The entry of organic compounds into silica in MSNs-NHz samples is
confirmed by the TGA test as much as possible. As shown in fig. 6,
MSN-NH2 lose about 10% of their weight up to 150 °C, which can be
due to the evaporation of water and other solvents adsorbed on the
surface of the nanoparticles. At a temperature of 300 °C, all
nanoparticles lost about 10% of their weight, probably due to the
decomposition of amine groups on the surface of these
nanoparticles. At a final temperature of 787 °C, the weight reduction
percentage of Celas@MSN-NH2 and Celas@MSN-NHz/Eud
nanoparticles was more than MSN-NH;, indicating that the carbon-
containing organic compounds on the surface of these nanoparticles.
There is also more change in the weight loss of Celas@MSN-
NHz/Eud than Celas@MSN-NH: due to the coating of eud on the
surface of these nanoparticles.

——

k-
Ry,

Fig. 6: Thermogravimetric analysis graph of nanoparticles

Load rate of formulated nanoparticles
The Celas loading amounts in Celas@MSN-NH: are listed in table 1.

Although one of the important characteristics of MSNs is the high
loading capacity, it is low for drugs with low solubility in water. As
seen in table 2, due to the low dissolution of Celas in water, the
amount of drug loaded in Celas@MSN-NHz was not high. However,
the hydrogen bond between the amine groups on the MSN-NH:
surface and O-H groups of Cela’s molecules could help to increase
the drug loading. Moreover, Eud coat on MSN-NH: after loading of
Celas due to capture Celas, which sedimented on MSN-NH; surface
for more drug loading.

Evaluation of drug release from Celas@MSN-NH:

Fig. 7 was obtained from the release of the drug from Celas@MSN-
NH:/Eud in two buffer media with pH 5.5 and 7.4; the release of the
drug was controlled and pH-sensitive. As in fig. 7, the coated layer of
Eud was prevented from burst release of Celas and led to a
controlled release system. Moreover, due to the presence of
hydrogen bonds between MSN-NHz and Celas, the release manner

was also sensitive to pH. Since cancerous tissues are more acidic
than normal tissues, therefore, the usage of Celas@MSN-NHz/Eud
leads to more release of Celas in acidic environments of cancerous
tissues.

Cell test results
Anti-proliferative activity on AGS cells

To evaluate the antiproliferative activity of Celas and Celas@MSN-
NH:/Eud on AGS cell lines, the cells were treated with different
concentrations, and cell viability was determined using an MTT
assay.

The results showed that cell viability was significantly reduced in a
dose-dependent manner following treatment with the Celas and
nanoparticles (P<0.05, fig. 8). The ICso and confidence intervals (CI)
95% of the Celas was 0.3756 (C195%:0.3207-0.44 pM), higher than
that of Celas@MSN-NHz/Eud, which was 0.1456 (CI95: 0.1277-
0.1668 pM) against AGS cells. The results of this MTT test show that
the inhibitory growth effects of Celas@MSN-NH;/Eud at all
concentrations were more significant than free Celas (P<0.01).

Table 2: Percent loading efficiency and loading capacity of Celas@MSN-NH:/Eud. Note: data presented as mean*standard deviation

Nanoparticle

% loading efficiency

% loading capacity

Celas@MSN-NHz/Eud 5.7+0.52

2.6+0.28

n= 3, data given in mean+SD
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Fig. 7: Diagram of celas release from celas@MSN-NH:/Eud at pH 7.4 and 5.5 per time hour
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Fig. 8: Antiproliferative activity of Celas@MSN-NH:/Eud compared to celas in AGS cell. AGS cell lines were treated with different concentrations of
Celas@MSN-NH2 /Eud and Celas for 48 h, and cell viability was determined using an MTT assay. The data indicate the meantstandard error of
three independent experiments’' mean (SEM). Using the probit regression model, data (curves) show that the antiproliferative activity of the
extract between Celas@MSN-NHz/Eud and Celas was significantly different (P<0.01); AGS: Adenocarcinoma gastric cell line
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Evaluation of apoptosis by the annexin V PI method

To determine whether the antiproliferation of these compounds
involved the induction of apoptosis, AGS cells were treated with the
corresponding ICso concentrations of Celas and Celas@MSN-
NH:/Eud, stained with both Propidium iodide (PI) and Annexin V-
fluorescein isothiocyanate (FITC) and analyzed by flow cytometry.

Flow cytometric analysis of apoptosis showed that the Celas and
Celas@MSN-NHz/Eud induced cell death through early apoptosis. The
percentages of early apoptosis cells in the cells treated with the Celas
and Celas@MSN-NHz/Eud treatment for 48 h were 53.78% and
72.01%, respectively. The results show that despite the use of
Celas@MSN-NHz/Eud with a Celas loading capacity of 2.6% and
although the Celas content of these nanoparticles was about 4 times
lower, free Celas showed far fewer effects on secondary apoptosis of
AGS cells than Celas@MSN-NHz/Eud, which confirmed the significant
effect of using Celas@MSN-NHz/Eud to deliver Celas. Furthermore,
these results were consistent with the results of MTT (fig. 9).

DISCUSSION

This study investigated a system of Celas@MSN-NH2/Eud with a
pH-sensitive for combat to AGS cells. Amongst all the nanoparticles,
MSNs have shown great potential as a drug delivery carrier.
Inorganic nanocarriers such as MSNs have high physicochemical and
biochemical stability. MSNs contain unique characteristics such as
morphology, pore size and uniform particle size, tunnel cavity, high
surface area and pore volume, easy surface functionalization, etc.
The particle size and zeta potential of prepared nanoparticles using
a zeta sizer showed a size of about 300 nm and a zeta potential
of+33.6 mV. As the zeta potential ia important to satisfy the stability
of nanoparticles and prevent aggregation with increase uptake and
targeting to cance cells. These differences from the base-prepared
MSN-NH: (below 100 nm and+13 mV) confirmed the successful
coating with Eud. SEM was also used to study the morphological
properties of nanoparticles. Therefore, the results showed a rough
surface and 50 to 100 nm size for primary nanoparticles and 250 to
300 nm with a smooth surface for Eud-coated nanoparticles. The
results of the final nanoparticles by SEM show a smooth surface,
proving the slow precipitate of Eud as a uniform film. For the study
of the mesoporous structure of nanoparticles, an N adsorption-
desorption device was used. The obtained BET diagram showed a
surface area of 981.95 m?/g, and the pore size obtained from MSN-
NH: is about 2.8 nm, which was calculated and evaluated using the
BJH equation. The sigmoidal shape and the adsorption-desorption
branch distance in the isotherm plot mention the mesoporous
structure. Furthermore, the high surface area from the BET plot
supports the before consequence, too. The crystal structure of
mesoporous nanoparticles was confirmed using XRD, and the silica

and amino structures of nanoparticles were confirmed using FTIR.

MSN-NH: was loaded with Celas, and the amount of drug loaded was
read using UV spectrophotometry at 450 nm, and thus, the amount
of drug loaded was measured. 5.7% and 2.6% were obtained for
loading efficiency and capacity, respectively. The release of the drug
from Celas@MSN-NH:/Eud was investigated in two phosphate
buffer media with pH 5.5 and 7.4, and finally, the pH-dependent
release of these nanoparticles was determined. A good reason for
this result is related to hydrogen bonds between surface amine
groups on MSNs and drug molecules and, on the other hand, the
slow release by gradually dissolving the Eud coat.

In the study of anti-proliferative activity, the results showed that cell
viability was significantly dependent on reducing the dose of Celas
and Celas@MSN-NHz/Eud (P<0.05). Also, after 48 h, the ICso level of
Celas and Celas@MSN-NH:z/Eud on AGS cell line were 0.3756 uM
(CI95%: 0.2020-0.44) and 0.1459 uM (CI95%:0.2768-0.687),
respectively. The results of this MTT test show that the inhibitory
effects of the growth of Celas@MSN-NHz/Eud at all concentrations
obtained were more than Celas and could significantly increase the
solubility of Celas in Celas@MSN-NHz/Eud. Also, flow cytometry
results showed that Celas and nanoparticles loaded with Celas
induce cell death due to primary apoptosis. And this is a good
approach to the synthesis of a slow-release (control) and targeting
cancer cells with minimum side effects.
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The effect of Celas in suppressing tumour onset, invasion, and
metastasis in a wide range of tumour cells and inhibitory effects on
cancer models have been reported in some studies. For example, the
effect of Celas in inhibiting cell growth and proliferation and
inducing cell death in the HL-60 cell line, prostate cancer, and glioma
cells [42]. In 2013, Ni et al. investigated the effect of Celas on cell
cycle arrest and apoptosis in human multiple myeloma. This study
found that inhibition of p56, the NFkB subunit, led to cell cycle arrest
in myeloma cells [43]. In 2014, Chang et al. examined the effect of
Celas on IL6, which promotes the proliferation and differentiation of
prostate cancer cells. In this study, it was found that Celas reduced
IL6 by affecting NFkB signalling [44]. In a 2015 study by Fribley et
al, the effect of Celas on drug enhancement of the response to the
primary protein (upr) was investigated, which is an effective method
for eliminating and inhibiting oral squamous cell carcinoma (0SC)
[45]. In 2014, Yoon et al. showed that Celas induces the death of
several cell lines from breast cancer and colon cancer by inducing
apoptosis Cells [46]. In a 2006 study by Yang H et al, Celas was
reported as a potent proteasome inhibitor that inhibited the growth
of human prostate cancer in nude mice [47]. In a 2009 study by Dr.
He D et al, the effect of Celas on apoptosis was investigated. Finally,
by inhibiting NF-Kappa B, Celas was able to enhance the anti-cancer
effect of gambogic acid in oral squamous cell carcinoma lines [48]. A
2010 study by Zhu H et al. Found that a combination of APO-
2L/TRAIL and Celas had a strong synergistic antiproliferative effect
against human cancer cells, including OVCAR-8 ovarian cancer,
SW620 colon cancer, and D-95 lung cancer [49]. Su-wei Xu et al.
showed that Celas could be used as an effective anti-cancer agent in
the treatment of future lung cancer drug resistance [50]. A 2009
study by Dai Y et al. examined the effect of Celas in vitro and in vivo
on human prostate cancer; the results of the study showed that
Celas could be a promising new adjunctive regimen for the
treatment of hormone-resistant prostate cancer [51]. A 2010 study
by Ge P et al Celas, as a potent proteasome inhibitor, induces
apoptosis and cell cycle arrest in mouse glioma cells [52].

The results show that despite the use of Celas containing
nanoparticles with a Celas loading rate of 2.6% and although the
Celas content of these nanoparticles is about 4 times lower, free
Celas has far fewer effects on secondary apoptosis of AGS cells than
It has Celas-loaded nanoparticles, which confirms the significant
effect of using MSN nanoparticles to deliver Celas.

As in our study, other research on Cela's drug delivery obtained some
excellent results. In recent years, there has been a sizable interest in
designing and developing drug delivery systems with a novel
approach focused on enhancing the aqueous solubility of hydrophobic
drugs like Celas and improving drug efficacy. Such as, Niemela et al.
Gluc-functionalized mesoporous silica nanoparticles could be an
effective carrier for targeted drug delivery of Celas and induction of
apoptosis in cancer cells [53]. JY et al. showed that CMSN-PEG
(PEGylated polyaminoacid-capped CST-loaded MSN) nanoparticles
have promising potential in treating solid tumours [54].

Finally, we can say this new drug delivery system of Celas with great
cytotoxic effect on AGS cells could propose for future research to
overcome stomach cancer.

CONCLUSION

According to the obtained results, it can be said that the use of MSNs
is a suitable option for drug delivery to gastric cancer cells, and the
use of Eud coating agents improves this drug delivery, which,
according to research in this field, is more effective and has shown
better performance. Therefore, it is suggested that more research be
done on using these nanoparticles in drug delivery to cancer cells.
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