
R E S E A R C H Open Access

© The Author(s) 2025, modified publication 2026. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you 
modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The 
images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​
a​​t​i​​v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​​i​c​e​​n​s​e​s​​/​b​​y​-​n​c​-​n​d​/​4​.​0​/.

Al-Zihaymee et al. BMC Gastroenterology          (2025) 25:875 
https://doi.org/10.1186/s12876-025-04473-y

BMC Gastroenterology

*Correspondence:
Javad Mohammadnejad
mohamadnejad@ut.ac.ir
Amin Daemi
phd_bio@ahoo.com
1Department of Biology, SR.C., Islamic Azad University, Tehran, Iran
2Department of Nanobiotechnology and Biomimetic, School of Life 
Science Engineering, College of Interdisciplinary Science and Technology, 
University of Tehran, Tehran, Iran

3Department of Medical Nanotechnology, School of Advanced 
Technologies in Medicine, Tehran University of Medical Sciences,  
Tehran 14177-55469, Iran
4Faculty of Health Science, Sinop University, Sinop, Turkey
5Department of Medical Biochemistry, Faculty of Medicine, Cukurova 
University, Adana, Turkey
6Department of Biotechnology, Institute of Natural and Applied Sciences, 
Cukurova University, Adana, Turkey

Abstract
Objective  Cancer treatment is a major concern of health worldwide. Nowadays, colorectal cancer is one of the 
most prevalent diseases throughout the globe. Therefore, novel cancer treatment modalities are required to stop 
cancer. Thus, this paper aims to develop a novel drug delivery system (DDS) based on Chitosan (CS), polyamidoamine 
(PAMAM G4), and Nanoparticles (NP) for efficient delivery of sodium butyrate (NB) and Fe2O3 to SW480 colorectal 
cancer cells.

Methods  To do so, after characterizing the nanocarrier with FT-IR, DLS, TEM, and TGA, nanometric size (40-65 nm), 
high drug content (23% Fe2O3 and 3% NB), controlled NB release (4% within 2 h), and pH-sensitive NB release (35% 
within 2 h) were measured for CS-PAMAM-Fe2O3-NB.

Result  In biomedical tests, MTT assay indicated 10% (after 24 h), 8% (after 48 h), and 7% (after 72 h) cell viabilities 
for 200 nM concentration of CS-PAMAM-Fe2O3-NB nanocarrier on SW480 cells while pure NB did not have potential 
toxicity on cancer cells. IC50 determined for 25 nM after 24 h. qRT-PCR test indicated a 7-fold and 10-fold increase for 
Caspase9 and Bax apoptotic genes whereas 0.3-fold expression quantified for Bcl2 anti-apoptotic gene.

Conclusion  According to the obtained results, it can be concluded that the fabricated nanocarrier would be a 
potential DDS against colorectal cancer cells. The results of these biomedical tests have approved potential the ability 
of the synthesized DDS in the inhibition of colorectal cancer cells. High biocompatibility was shown in MSC normal 
cells which further verified the efficiency of CS-PAMAM-Fe2O3-NB.

Keywords  PAMAM-Chitosan nanoparticles, Fe2O3 nanoparticles, Sodium butyrate, Controlled drug release, Colorectal 
cancer inhibition
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Introduction
Colorectal cancer, the third leading cause of cancer death 
throughout the globe, has a high rate of incidence. The 
ever-increasing rate of this cancer is going to make a 
big health-related problem for human beings [1, 2]. This 
adenocarcinoma originates from the epithelial cells of 
the large intestine when genetic or epigenetic mutations 
take place in certain epithelium cells. The high prolifera-
tion rate of cells can result in the generation of benign 
adenoma that subsequently, may progress and form car-
cinoma and cause metastasis [3]. According to statistics, 
colorectal cancer accounts for about 10% of cancer inci-
dence and 9.4% of deaths in 2020 all around the world. It 
has been predicted that approximately 3.2 million deaths 
will be occurring as a result of colorectal cancer in 2040 
[4]. Lifestyle and diet toward westernization are the main 
environmental risk factors correlated with this cancer 
incidence and death. There are sort of modalities called 
conventional or traditional approaches in cancer therapy, 
including surgery, hormone therapy, hormone therapy, 
immunotherapy, chemotherapy, and radiotherapy, which 
applied for the suppression of cancer incidence during 
the last decades; however, several deficiencies associated 
with these modalities, such as long-term treatment, poor 
repeatability, low specificity, weak stability, high side 
effects, inefficient recovery of patients after treatment, 
less cost-effectiveness, immunogenicity, etc., have men-
tioned as limitations of these approaches in diagnosis and 
treatment of colon cancer [5–10].

As a result, new breakthrough technologies must be 
applied to introduce novel treatment approaches for the 
suppression and efficient treatment of cancer and ignore 
the drawbacks of conventional approaches. One of the 
most practical and efficient approaches is using nanopar-
ticle (NP)-based drug delivery systems (DDSs) in which 
nanotechnology concepts and properties apply for gain-
ing excellent output in cancer treatment [11, 12]. Physi-
cochemical aspects of NPs, like high surface-to-volume 
ratio, good stability, high solubility, thermal features, ease 
of manipulation, and so forth are the major advantages 
of NPs in DDS. In this way, Ren et al. [13] developed an 
emodin-conjugated pegylation of FE3O4 nanoparticles 
for fi/mri dual-modal imaging for the therapy in pan-
creatic cancer. Besides, Lu et al. [14] investigated some 
recent advancements in the hybrid cell membrane-coated 
NPs (HM/NPs) and their potential applications for the 
treatment of Cardiovascular diseases (CVDs). Then, they 
developed an engineered hybrid cell membrane nanosys-
tem for treating cardiovascular diseases.

Also, high biocompatibility, high serum stability and 
solubility, getting away from immune system clearance 
(lymphocyte-macrophage), getting away from clearance 
of liver, lung, and kidney, ignoring drug efflux capacity, 
avoiding multidrug resistance, etc., are other properties 

of NPs in delivery of therapeutics to specific tissues and 
cells in the human body [14–16]. Restricted dose usage of 
NP-based DDSs and declining the treatment period are 
other advantages of this approach that have attracted the 
attention of researchers and clinicians [17].

Among NPs, polymeric NPs such as chitosan (CS) and 
polyamidoamine (PAMAM) NPs are potential mate-
rials for DDS which have been approved by the Food 
and Drug Administration (FDA) of the USA. CS (poly 
[β-(1–4)-linked-2-amino-2-deoxy-D-glucose]) NPs are 
bioavailable biopolymers extracted from chitin [11, 18]. 
Besides, the biomedical applications of CS NPs are in 
the field of regenerative medicine, biosensors, etc [19]. 
PAMAM G4 NPs are nano-size, three-dimensional, and 
hyper-branched chemopolymers with highly available 
surface amine groups [20]. The surface amino groups of 
CS and PAMAM NPs have led to their excellent solubil-
ity, serum, stability, and capacity to surface modification 
[21]. Forming polyvalent interactions with therapeutics, 
high drug loading capacity, controlled drug release, and 
enhanced permeability and retention (EPR) effect are the 
main aspects of these NPs [22]. Moreover, recent stud-
ies have highlighted the role of nanoprobes in improving 
diagnostic and therapeutic precision through simultane-
ous drug delivery and molecular imaging. By exploiting 
the enhanced permeability and retention (EPR) effect, 
nanoprobes can preferentially accumulate within tumor 
tissues, enabling targeted delivery, real-time monitoring, 
and controlled release of therapeutic agents. Such multi-
functional platforms hold significant promise for advanc-
ing cancer theranostics and minimizing systemic side 
effects.On the other hand, potential therapeutics, such 
as sodium butyrate (Na OOCCH2CH2CH3: NB) which 
is a type of bioactive drug, can use as inhibitor of cancer 
cells. NS can suppress the vascular endothelial growth 
factor (VEGF) by blocking histone deacetylases (HDACs) 
and VEGFR-mediated angiogenesis. This bioactive can 
also block the cell cycle in the G2/M phase mediating 
protein kinase B (Akt) and inhibiting Bcl2, IL6, and IL17 
molecules which are correlated with angiogenesis, cell 
cycle arrest, and apoptosis Moreover, magnetic (Fe2O3) 
NPs along with therapeutics can apply for combinational 
therapy [23–26].

Here, it is worthwhile to mention that although Fe2O3 
NPs have been employed in photothermal therapy (PTT) 
under NIR laser irradiation, their combinational impact 
on the suppression of cancer cells can be evaluated 
accompanied by NB without PTT [27]. In this paper, CS-
PAMAM nanocarrier was developed for the delivery of 
NB and Fe2O3 NPs to colorectal cancer cells. After fabri-
cating CS-PAMAM-NB-Fe2O3, analytical devices such as 
FT-IR, TGA, DLS, and TEM were employed for qualify-
ing and quantifying DDS. Then, NB and Fe2O3 contents 
of the nanocarrier were evaluated, and NB release was 
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investigated in vitro. Next, cell viability assay and gene 
expression (qRT-PCR) technique were applied for study-
ing the potency of fabricated DDS in suppressing the 
growth of SW480 cancer cells and inducing apoptosis.

Materials and methods
Materials and apparatus
CS (Mw: 50000 to 190000 Da; Viscosity: 20–300 cp.), 
polyamidoamine G4 (PAMAM G4) dendrimer (molecu-
lar weight: 14.215 g.mol− 1), ferrous chloride tetrahydrate 
(FeCl2·4H2O), ferric chloride hexahydrate (FeCl3·6H2O), 
sodium butyrate (NB), sodium tripolyphosphate (TPP), 
dimethyl formamide (DMF), di-methyl-sulphoxide 
(DMSO), N-Hydroxysuccinimide (NHS), and 1-ethyl-
3-(3-dimethylaminopropyl)-carbodi-imide hydro-
chloride (EDC), FBS, and MTT (3-(4, 5-Dimethyl 
thiazol-2-yl)−2,5-diphenyl tetrazolium bromide) were 
purchased from Sigma Aldrich. The human SW480 colon 
cancer cell lines and human MSC (mesenchymal stem 
cell) normal cell lines were bought from the Institute of 
Pasteur, Iran.

Spectroscopic assessment of synthesis was imple-
mented via Fourier Transform Infrared (FT-IR) spec-
trometer (Perkin-Elmer 843), NanoDrop 2000c UV–Vis 
spectrophotometer (Thermo Scientific), Dynamic Light 
Scattering (DLS) spectrophotometer (NanoBrook 90 
Plus; Brookhaven, USA), and Transmission Electron 
Microscopy (TEM) (Philips EM 208 S; Netherlands).

Zeta potential and particle size distribution were mea-
sured using a Zetasizer Nano ZS (Malvern Instruments, 
UK) at 25 °C in distilled water (pH 7.4). The polydis-
persity index (PDI) was determined to assess particle 
uniformity.l.

Synthesis of carboxylated-chitosan
Carboxylated-CS (C-CS) was synthesized as the follow-
ing procedure. 80 mg of CS was dissolved in 8 mL of ace-
tic acid (1%) under stirring at 70 rpm for 10 h at room 
temperature. Then, NaOH (1 mM) solution prepared 
and dropwise to the CS-containing solution until attain-
ing precipitation. In the next step, the precipitate was 
washed with deionized water three times and centrifuged 
at 6000 rpm followed by submerging the CS precipitate 
in 15 mL of isopropanol for further rinsing. Afterward, 
10 mg of NaOH salt in it and the solution was stirred at 
120 rpm and room temperature for 3 h. Thereafter, C-CS 
was prepared by dissolving 8 mg of chloroacetic acid in 
4 mL isopropanol and adding it to the prepared CS solu-
tion. The mixture was stirred at 70 rpm for 10 h at dark 
conditions and room temperature. Eventually, the C-CS 
was rinsed with a 3:1 ratio of water and ethanol three 
times and saved at 4 °C for analytical assessments and 
biomedical tests.

Synthesis of PAMAM-conjugated Chitosan
In this phase, PAMAM G4 dendrimers were conjugated 
to C-CS by esterification reaction with NHS/EDC and 
formation of amid bond as the following procedure. 
Practically, 7 mg of PAMAM was solubilized in 8 ml of 
DI water. Then, 10 mL of 0.3 mM EDC and 10 mL of 0.1 
mM NHS were separately prepared and combined with 
each other followed by adding to the prepared C-CS solu-
tion (1% acetic acid) under stirring at 80 rpm for 5 h. 
NHS/EDC serves as an activator of carboxylic groups in 
C-CS. In what follows, the prepared C-CS solution was 
transferred to the prepared PAMAM G4 solution drop by 
drop under stirring at 80 rpm at room temperature over-
night. Whole reactions were carried out under a nitrogen 
atmosphere and light-protected conditions in this sec-
tion. Ultimately, the PAMAM-CS solution was purified 
using a dialysis membrane in DI water (3 times) over-
night to separate excessive reactants. After purification, 
the nanocarrier was recovered for analytical assessment 
and biomedical tests.

NB and Fe2O3 loading into PAMAM-chitosan
The NB and Fe2O3 were entrapped in the PAMAM-CS 
nanocarrier by the gelation/polyelectrolyte complexation 
method [28]. For this goal, firstly magnetic NPs were syn-
thesized as the following approach. For the synthesis of 
magnetic NPs, Strober [29] approach was used. Briefly, 1 
g ferric chloride hexahydrate and 0.5 g ferrous chloride 
tetrahydrate were dissolved in the mixture of 3 mL 2-pro-
panol and 6 mL ethanol. Next, 8 mL DI and 25 mL 25% 
(v/v) ammonia solution were transferred to the prepared 
mixture of ferric chloride hexahydrate and ferrous chlo-
ride tetrahydrate under stirring at 150 rpm and a temper-
ature of 85 °C for 5 h.

On the other hand, 5 mg of the NB was solubilized in 
5 mL of DI water under 80 rpm stirring for 5 h to pre-
pare a homogenous bioactive solution. Thereafter, the 
NB and Fe2O3-containing solutions were added to 5 mL 
of PAMAM-CS (3 × 10− 4 M) at 37 °C under stirring at 90 
rpm overnight. Then, 1 mL of TPP (1 mg/mL) was drop-
wise to the mixture under ultra-sonication circumstances 
to form globular nanocarriers. Subsequently, the NB and 
Fe2O3-entrapped nanocarrier was centrifuged at 10,000 
rpm to separate unloaded bioactive. The purification was 
triplicated and the nanocarrier was recovered for analyti-
cal assessment and biomedical tests.

Characterization of syntheses
The characterization of synthesized nanocarriers was 
performed using the FT-IR, DLS, TEM, and TGA devices 
as the following procedures. The efficiency of synthe-
sized samples, including CS, CS-PAMAM, CS-PAMAM-
Fe2O3, and CS-PAMAM-Fe2O3-NB, was evaluated 
by means of FT-IR spectroscopy which implemented 
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applying the pellet procedure with the KBr procedure 
in the transmittance mode at the wavelength of 400 to 
4000 cm− 1. The hydrodynamic diameter of specimens 
was measured via a DLS spectrophotometer using freshly 
prepared samples and after ultrasonication at 37 °C for 15 
min. This test was performed at 37 °C in a quartz cuvette 
using nM concentrations. The TEM device was applied 
for determining the size and morphology of samples 
using a freshly prepared solution. In this technique, the 
CS-PAMAM-Fe2O3-NB sample was dispersed onto a 
copper grid, dried at 25 °C, and the extra liquid absorbed 
using filter paper followed by taking the image of the 
sample at 120 kV accelerating voltage. The TGA approach 
was conducted for investigating the thermal stability and 
therapeutics content of samples using 5 mg of nanocar-
riers and heating at a temperature range between 50 and 
600 °C. This test was performed at a 10 °C/min heating 
rate in a pan under a constant nitrogen flow rate (40 mL/
min) [30].

Drug release study
The NB release manner of the CS-PAMAM-Fe2O3-NB 
nanocarrier was scrutinized under optimal conditions 
in PBS as a release medium. This analysis was conducted 
at pH of 7.4 (serum pH) 6.0, and 5.0 (cancerous tissues 
pH) to evaluate the release rate of fabricated DDS. This 
test was done using the dialysis tube at 37 °C as the fol-
lowing procedure [31]. Briefly, 3 mg CS-PAMAM-Fe2O3-
NB was solubilized in 6 mL PBS and spilled into a 12,000 
Da dialysis bag (fastened with clamps at two ends). In 
the following, the dialysis tube was immersed in 100 mL 
PBS and the system located in an incubator-shaker under 
120 rpm stirring and 37 °C. At pre-determined intervals 
of time (0.5, 1 h, 2 h, 4 h, 8 h, 16 h, 32 h, and 64 h), 10 
µL of the PBS gathered and the equal values of PBS were 
replaced. The bioactive absorption of aliquots was quan-
tified by Nanodrop UV–visible spectrophotometer at a 
wavelength of 480 nm to ascertain the release amounts.

Drug release kinetic modeling
 The release kinetics of sodium butyrate from Chito-
san–PAMAM nanoparticles were evaluated by fit-
ting the in vitro release data to different mathematical 
models including zero-order, first-order, Higuchi, and 
Korsmeyer–Peppas equations. The model with the high-
est correlation coefficient (R²) was considered to best 
describe the release mechanism.

Cell culture
The human SW480 colon cancer cell lines and human 
MSC (mesenchymal stem cell) normal cell lines were pre-
pared from the Pasture Institute of Iran. These cell lines 
were cultured in their medium (RPMI; Gibco, UK) sup-
plemented with 10% FBS, 2 mM glutamine, 100 µgmL− 1 

streptomycin, and 100 IU mL− 1 penicillin and incubation 
at 37 °C and 5% CO2 to grow up.

Cell viability assay
The cancer cell suppressing performance of the synthe-
sized CS-based samples, including the CS, CS-PAMAM, 
CS-PAMAM-Fe2O3, CS-PAMAM-Fe2O3-NB, pure 
Fe2O3, and pure NB was investigated on SW480 cell 
lines after 24 h, 48 h, and 72 h of treatments with 25 
nM, 50 nM, 100 nM, and 200 nM concentrations. This 
assessment was done by the MTT test which is based 
on evaluating the activity of mitochondrial dehydroge-
nase in treated cells. To implement this test, cancer and 
normal cells were spilled in wells of 96-well plates (5000 
cells/100 µL per well) and incubated at 37 °C and 5% CO2 
overnight for attachment. Thereafter, various concentra-
tions of fabricated samples were prepared in a serum-
supplemented culture medium, filtered using a 0.2 mm 
filter, and adjusted at pH 7.4. In the following, the pre-
pared specimens were used for the treatment of MSC 
and SW480 cells at 24 h, 48 h, and 72 h of post-treatment 
as the following procedure. After collecting the culture 
medium of the plates, 150 µL serial dilutions of the sam-
ples were spilled into wells, and plates were incubated 
for 24, 48, and 72 h. Afterward, the medium of each well 
was removed and 200 µL of RPMI without serum was 
transferred to each well at post-treatment times. Then, 
0.5 mg MTT/mL prepared in PBS at pH 7.4 was added 
to the wells which followed by 4 h incubation. Eventually, 
after collecting the suspension liquid of wells, the cells 
were re-suspended in 200 mL of DMSO for 10 min and 
incubated at light-protected circumstances and the opti-
cal density (OD) of the palates was evaluated at 570 nm 
using an ELISA reader to measure viable cells.

Gene expression assay
The quantitative Real-Time PCR (qRT-PCR) technique 
was carried out to study the relative expression level of 
apoptotic (Caspase-9 and Bax) and anti-apoptotic (Bcl2) 
genes after 24 h of treatment with IC50 concentration 
of samples in SW480 cells using Q Rotor-Gene (Qia-
gen, Iran). Briefly, the total RNA of treated cells was 
extracted by mixing SW480 cells with RNX-PLUS solu-
tion. Then, 200 µL of chloroform was added to solution, 
and cells were centrifuged at 13,000 rpm for 5 min at 4 
°C followed by collecting the supernatant and mixing the 
precipitate with isopropanol. Next, centrifugation was 
done at 13,000 rpm for 15 min at 4 °C, the supernatant 
removed, and the precipitate mixed with 1 mL of etha-
nol 75%. In what follows, cDNA was synthesized using 
1000 ng of total RNA and reverse transcription. Briefly, 
10 µL of Master mix real-time, 3 µL (10 ng) RNA, and 7 
µL DD water spilled to microtubes to synthesize cDNA; 
in the wake of this process, the qRT-PCR technique done 
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with a 14 µL of the reaction mixture, 1 µL of cDNA, 7 µL 
of low rox Master mix real-time, and 0.5 µL of forward 
primer (Caspase-9: 5ʹTGGCTCCTGGTACGTTGA3ʹ; 
Bax: 5ʹTTTCTGACGGCAACTTCAACTG3ʹ; Bcl2: 
5ʹTCGCCCTGTGGATGACTGA3ʹ) and 0.5 µL of reverse 
primer (Caspase-9: 5ʹGAAACAGCATTAGCGACCCT3ʹ; 
Bax: 5ʹTCCAATGTCCAGCCCATGA3ʹ; Bcl2: 
5ʹCAGAGACAGCCAGGAGAAATCA3ʹ). The PCR tem-
perature was optimized by qRT-PCR device: heating at 
95 °C for 10 min, 45 cycles at 95 °C for 15 s, annealing at 
59 °C for 25 s, and elongation at 72 °C for 30 s and conse-
quently, relative gene expression values were normalized 
to glyceraldehyde-3-phosphate-dehydrogenase (GAPDH) 
and data was quantified as fold change relative to the 
control.

Statistical analysis
The experiments were repeated three times. The statisti-
cal analyses were performed using one-way ANOVA and 
data reported as mean ± SD. P-value ≤ 0.05 was consid-
ered significant.

Results and discussion
Characterization of nano-complex
FT-IR analysis
FT-IR analyses of fabricated samples, including CS, 
C-CS, PAMAM-CS, PAMAM-CS-Fe2O3, and PAMAM-
CS-Fe2O3-NB, were done to confirm the synthesis 
quality of CS-based NP and its derivatives. Figure 1 dem-
onstrates the results of this analysis. As can be seen, the 
characteristic peaks at around 3437 cm− 1 (–NH2 and –
OH groups stretching vibration), 3337 cm− 1 (O − H and 
N − H stretching vibrations), 1151 cm− 1 (asymmetric 
stretching of − C−O − C− bridge), and 1034 cm− 1 (C − N 
bond) were registered for pure CS [32]. Besides, signals 
at around 2800 cm− 1 to 3000 cm− 1 were assigned to CH, 
CH2, and CH3 stretching vibrations in the CS specimen 
while the absorption peaks at around 1639 cm− 1 (C = 
O), 1388 cm− 1 (C − N stretching), and 1068 cm− 1 (− O 
stretching vibrations) were indicators of CS [33]. Regard-
ing the C-CS sample, the characteristic peaks from 2923 
cm− 1 to 2875 cm− 1 were associated with C-H stretching 
vibrations in C-CS while a signal at around 1708 cm− 1 
was recorded due to the presence of the carboxyl group 
in C-CS [34]. For the PAMAM-CS sample, the peaks of 
PAMAM G4 were revealed at around 1046 cm− 1 to 1112 
cm− 1 and 1214 cm− 1 which were detected owing to the 
C–C bending and C–O stretching vibration, respec-
tively [35]. Also, the absorption peaks achieved at around 
1577 cm− 1, 1422 cm− 1, and 1320 cm− 1 were indicators 
of N–H bending of N substituted amide whereas sig-
nals at around 3300 cm− 1 and 3100 cm− 1 were respon-
sible for N–H stretch of amines and anti-symmetric N–H 
stretch of substituted primary amine, respectively [36]. 

Regarding the PAMAM-CS-Fe2O3 sample, the peaks at 
around 560 cm− 1 to 590 cm− 1 were attributed to Fe − O 
groups in Fe2O3 NPs [37]. Additionally, there were some 
shifts in the locations of other peaks which are indica-
tors of magnetic NPs in the body of CS-PAMAM. About 
the PAMAM-CS-Fe2O3-NB nanocarrier, the absorption 
peaks at around 1728 cm−1 and from 2871 cm− 1 to 2957 
cm− 1 corresponded for C = O stretching and the C–H 
stretching of NB bioactive which verifies the presence of 
NB.

DLS and TEM analyses
The DLS and TEM analyses were used for determining 
the hydrodynamic size, (PDI), and morphology of fabri-
cated nanocarriers. For DLS analysis, the hydrodynamic 
diameter and polydispersity index (PDI) of PAMAM-CS, 
PAMAM-CS-Fe2O3, and PAMAM-CS-Fe2O3-NB sam-
ples was ascertained using DLS (Fig. 2). According to the 
outputs, the hydrodynamic diameter of the PAMAM-CS 
sample was measured at about 210 nm while it deter-
mined at around 234 nm after magnetic NPs entrapment 
which shows an increase of 24 nm in diameter. Besides, 
after the entrapment of NB, the hydrodynamic diameter 
enhanced by 4 nm and reached 238 nm. Intermolecular 
interactions between the surface functional groups of 
PAMAM-CS and bioactive (Fe2O3 and NB) could be the 
main reason for the size increase after entrapment. These 
Intermolecular interactions are including the formation 
of π-π interaction and electrostatic and hydrogen bonds 
which can play a prominent role in therapeutics release 
[38]. The PDI of all specimens was measured at about 
less than 0.2, which demonstrates the monodispersity of 
nanocarriers. Regarding the TEM analysis, the image of 
the PAMAM-CS-Fe2O3-NB sample exhibited a diameter 
between 40 nm and 65 nm and a semi-globular shape 
which verifies the nano-meter size of DDS. The vascula-
ture size of cancer tissues is from 200 nm to 700 nm and 
a diameter less than 200 nm is appropriate for efficient 
drug delivery [39].

The physicochemical properties of the synthesized Chi-
tosan–PAMAM nanoparticles were further character-
ized by dynamic light scattering (DLS) and zeta potential 
analysis. The average hydrodynamic diameter was found 
to be 142.6 ± 5.3 nm with a polydispersity index (PDI) 
of 0.186, confirming a monodisperse population suit-
able for biological applications. The surface charge of 
the nanoparticles was + 27.4 ± 2.1 mV, indicating strong 
electrostatic stability and effective surface functionaliza-
tion by the chitosan component. No visible aggregation 
or significant shift in particle size was observed after 
7 days of storage in phosphate-buffered saline (pH 7.4), 
suggesting good colloidal stability. These physicochemi-
cal characteristics are crucial for predicting the in vivo 
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performance and interaction of nanoparticles with bio-
logical membranes.

TG analysis
TG analysis was performed for surveying the ther-
mal stability, physical status, and drug content of syn-
t5ehsized samples (PAMAM-CS, PAMAM-CS-Fe2O3, 
and PAMAM-CS-Fe2O3-NB) [30]. Figure 3 indicates 
the results of this test. As can be seen, there were two 
weight-loss stages for the samples. The first weight loss 
of the samples (3% to 15%) was registered at around 80 
°C to 100 °C which was due to the water evaporation of 
samples. The second one was started at around 130 °C 
(PAMAM-CS) and 150 °C (for PAMAM-CS-Fe2O3 and 
PAMAM-CS-Fe2O3-NB) at which 63%, 76%, and 84% 
weight losses occurred for PAMAM-CS, PAMAM-CS-
Fe2O3, and PAMAM-CS-Fe2O3-NB samples, respectively. 
These considerable weight losses were due to the burn-
ing of material in the compartment of specimens. On the 
other hand, the difference in total weight losses of speci-
mens can consider as bioactive content; as the Fe2O3 con-
tent of PAMAM-CS-Fe2O3 was measured at about 23% 
and the difference in weight loss values of PAMAM-CS-
Fe2O3 and PAMAM-CS-Fe2O3-NB samples was contem-
plated as NB content PAMAM-CS-Fe2O3-NB which was 
about 3%. Bioactive drug content is a vital issue corre-
lated with novel DDSs and high values of therapeutics in 
the body of DSSs play a major role in transporting high 
values of bioactive to cancer tissues and cells [40].

Drug release profile
The in vitro drug release profile of the PAMAM-CS-
Fe2O3-NB nanocarrier was investigated in PBS solu-
tion. In this assessment, the release of NB was studied at 
various pHs 7.4 (as physiologic pH) 6.0, and 5.0 (as the 
simulation of pH in cancerous tissues and cells) and dif-
ferent times (0.5 h to 64 h). Figure 4 indicates the release 
data of NB. Based on the results, the release manner of 
NB from PAMAM-CS-Fe2O3-NB was slowed which con-
firms the effect of fabricated nanocarrier on controlled 
and constant release of NB over the determined period of 
time. For example, 4% of NB release was observed within 
the first 2 h while it was 43% for pure NB which shows 
more than 10 folds slower NB release from PAMAM-
CS-Fe2O3-NB. Also, about 12% and 69% of drug releases 
were measured for PAMAM-CS-Fe2O3-NB and pure NB, 
respectively. On the other hand, NB release from nano-
carrier was faster in both acidic pHs than normal pH 
which approves the impact of acidic pH in increasing the 
release rate of the drug from nanocarrier. For instance, 
the NB release was 29% and 35% within 2 h of incuba-
tion at pH 6.0 and 5.0, respectively whereas it was only 
about 12% at neutral pH. Protonation of amine groups 
of PAMAM and CS at acidic pHs is the main reason for 

Fig. 1  The FT-IR spectra of CS, C-CS, PAMAM-CS, PAMAM-CS-Fe2O3, and 
PAMAM-CS-Fe2O3-NB samples. The peaks at around 3437 cm−1 (–NH2 and 
–OH groups stretching vibration), 3337 cm−1 (O−H and N−H stretching 
vibrations), 1151 cm−1 (asymmetric stretching of −C−O−C− bridge), and 
1034 cm−1 (C−N bond) were indicators of CS in pure CS graph. The peaks 
of PAMAM G4 were recorded at 1046 cm−1 to 1112 cm−1 and 1214 cm−1 
owing to the C–C bending and C–O stretching vibration, respectively. For 
the PAMAM-CS-Fe2O3nanocarrier, the peaks at around 560 cm−1 to 590 
cm−1 were assigned to Fe−O groups in Fe2O3 NPs
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the fast drug release [41]. Besides, the fast drug release 
at acidic pHs is important since the early and late endo-
somes have acidic environments. Also, the cancer tissues 
due to the high rate of metabolism have acidic pHs [42].

The cumulative release profiles of sodium butyrate 
from Chitosan–PAMAM nanoparticles were fitted to 
common kinetic models to elucidate the release mecha-
nism. The release behavior followed the Higuchi model 
(R² = 0.987), indicating that diffusion was the predomi-
nant mechanism governing drug release. Further analy-
sis using the Korsmeyer–Peppas equation yielded an 
exponent value (n = 0.46), suggesting Fickian diffusion 
as the controlling process. This result is consistent with 
the porous and hydrophilic nature of the chitosan-based 
matrix, which facilitates the gradual diffusion of the 
entrapped drug molecules.

MTT analysis
The MTT assay was employed for scrutinizing the toxic 
impact of CS-based DDSs, including CS, CS-PAMAM, 
CS-PAMAM-Fe2O3, CS-PAMAM-Fe2O3-NB, pure 
Fe2O3, and pure NB, on SW480 cell lines after 24 h, 48 h, 
and 72 h of treatments with 25 nM, 50 nM, 100 nM, and 
200 nM concentrations. MSC normal cell lines used as a 

control. Figure 5 exhibits the cell viability values. As can 
be seen, it revealed that the CS specimen had higher bio-
compatibility and biodegradability compared with other 
samples in both cell lines; as by increasing the concentra-
tion of this sample, the cell viability values were enhanced 
at three times [19, 22]. The cell viability values for pure 
CS were determined between 82% and 95% for 25 nM 
and 200 nM concentrations in both cell lines, respec-
tively. Regarding the rest of the samples, the cell viability 
values had a reverse correlation with concentrations. As 
by raising the concentration of samples, the cell viability 
values decreased. For instance, the CS-PAMAM sample 
led to cell viability values from 82% (25 nM) to 77% (200 
nM) after 24 h treatment in SW480 cells. Regarding the 
CS-PAMAM-Fe2O3 sample, higher cytotoxicity was 
observed at higher concentrations, with 75% (24 h), 74% 
(48 h), and 71% (72 h) in SW480 cells.

Totally, the cytotoxicity of the CS-PAMAM-Fe2O3 
sample was higher than that of the CS-PAMAM sample 
which indicates the impact of iron oxide in the suppres-
sion of SW480 cells. For the CS-PAMAM-Fe2O3-NB 
nanocarrier, the cell viability value was quantified 
at around 10% while it was 43% for pure NB at 24 of 
post-treatment time in SW480 cells which verifies the 

Fig. 2  The DLS and TEM analyses of fabricated nano-carriers, including PAMAM-CS, PAMAM-CS-Fe2O3, and PAMAM-CS-Fe2O3-NB. As indicated, the hy-
drodynamic diameter of PAMAM-CS, PAMAM-CS-Fe2O3, and PAMAM-CS-Fe2O3-NB samples was ascertained at around 210 nm, 234 nm, and 238 nm. TEM 
image show a size range of 40 nm to 65 nm in diameter
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effect of nanoparticle-based DDS in efficient suppres-
sion of cancer cells compared with NB [2, 34]. About 
8% and 7% cell viabilities were also detected in cancer 
cells after 48 h and 72 h of treatments with 200 nM of 

CS-PAMAM-Fe2O3-NB, respectively. Generally, the CS-
PAMAM-Fe2O3-NB nanocarrier had about 4 folds to 
6 folds better toxic performance on SW480 cells than 
pure NB at all treatment times. On the other side, CS-
PAMAM-Fe2O3-NB did not have higher cytotoxicity on 
normal cells compared with pure NB. For instance, 76% 
and 44% cell viabilities were attained after 24 h treatment 
with 200 nM of CS-PAMAM-Fe2O3-NB and pure NB on 
MSC normal cells, respectively which depicts the posi-
tive impact of biocompatible nanocarrier on normal cells 
[22]. The IC50 values were determined for 25 nM of CS-
PAMAM-Fe2O3-NB at all treatment times. The results of 
our work were in accordance with the findings of research 
by Song et al., in which they developed the iron oxide-
polypyrrole-polyethylene glycol polymeric nanocarrier 
for the inhibition of cancer cells [43]. They demonstrated 
that Fe2O3-loaded DDS could effectively decline the 
growth of breast cancer cells to less than 20% under laser 
irradiation while pure Fe2O3 did not have higher toxic-
ity on cancer cells. Our results indicated that fabricated 
nanocarrier can potentially suppress the growth of colon 
cancer cells. NB was the major agent in inducing toxicity 

Fig. 4  The drug release manner of PAMAM-CS-Fe2O3-NB nanocarrier and 
pure NB at various pHs (7.4, 6.0, and 5.0). controlled release was measured 
for PAMAM-CS-Fe2O3-NB at pH 7.4 while it was very fast for pure NB. The 
acidic environment resulted in the protonation of PAMAM-CS-Fe2O3-NB 
and the fast rate of NB release profile

 

Fig. 3  The TG analysis of PAMAM-CS, PAMAM-CS-Fe2O3, and PAMAM-CS-Fe2O3-NB samples. High thermal stability was detected for samples. The Fe2O3 
and NB contents of samples were measured at about 23% and 3%, respectively
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and cell death on SW480 cells and Fe2O3 had only a low 
toxic effect on the growth of cancer cells.

Gene expression analysis
The expression values of apoptotic and anti-apoptotic 
genes were investigated after 24 h treatment with CS-
PAMAM-Fe2O3, CS-PAMAM-Fe2O3-NB, and pure NB 
samples on SW480 cells using the qRT-PCR technique. 
The IC50 values were applied for this test. In this assay, 
the relative expression values of apoptotic (Caspase9 and 

Bax) and anti-apoptotic (Bcl2) genes evaluated. Figure 6 
shows the data after treatment with 25 nM concentra-
tions of CS-PAMAM-Fe2O3, CS-PAMAM-Fe2O3-NB, 
and pure NB formulations. While the Bax gene expres-
sion mediates apoptosis by affecting the mitochondrial 
outer membrane, the Caspase9 gene induces apoptosis 
via the mitochondria-dependent cytochrome c release 
pathway [44–47]. From Fig. 6, it is crystal clear that the 
CS-PAMAM-Fe2O3-NB sample had higher effect on 
inducing apoptosis genes expression, with about 10.5 

Fig. 5  Cell viability of SW480 colon cancer cells and MSC normal cells after 24 h, 48 h, and 72 h of treatment with CS, CS-PAMAM, CS-PAMAM-Fe2O3, CS-
PAMAM-Fe2O3-NB, pure Fe2O3, and pure NB. Higher cytotoxicity was observed for the CS-PAMAM-Fe2O3-NB sample on SW480 cells which was less than 
10% at three treatment times. The cytotoxicity of pure NB was considerably lower than that of the CS-PAMAM-Fe2O3-NB sample

 



Page 10 of 12Al-Zihaymee et al. BMC Gastroenterology          (2025) 25:875 

folds and 7.4 folds enhancement in the expression val-
ues of Bax and Caspase9 genes compared with control, 
respectively. Pure NB exhibited a lower (with about two 
to three folds) impact on the expression levels of Bax 
and Caspase9 than the CS-PAMAM-Fe2O3-NB sample 
which demonstrates the high potency of nanocarrier in 

inducing apoptosis in SW480 cells. On the other hand, 
CS-PAMAM-Fe2O3-NB led to suppression of the expres-
sion of the Bcl2 gene by about 6.5 folds and 2.5 folds 
compared with control and pure NB, respectively. The 
results of this test were in line with MTT assay outputs.

Although the present work demonstrates the promising 
potential of sodium butyrate-loaded Chitosan–PAMAM 
nanoparticles in suppressing colorectal cancer cell prolif-
eration in vitro, it is important to note that no in vivo or 
pharmacokinetic validation was performed in this study. 
Therefore, the translational relevance of the findings 
remains limited. Future investigations will include in vivo 
biodistribution, pharmacokinetic profiling, and thera-
peutic efficacy assessments in suitable animal models to 
confirm tumor-specific accumulation, systemic safety, 
and the long-term biocompatibility of the proposed 
nanocarrier system.

In addition to the need for in vivo validation, several 
practical challenges must be considered before clinical 
translation of Chitosan–PAMAM-based nanocarriers. 
Nanoparticle aggregation in physiological ionic condi-
tions may reduce their stability and alter biodistribu-
tion, potentially leading to rapid clearance or unexpected 
accumulation. While both chitosan and PAMAM are 
known for their biodegradability and biocompatibility, 
controlling the degradation rate is crucial to maintain 
sustained release while avoiding premature breakdown. 
Moreover, systemic clearance through the reticuloen-
dothelial system (RES) may limit the circulation time of 
the nanoparticles. Future formulations could incorporate 
surface PEGylation or targeted ligand modification to 
improve colloidal stability, prolong systemic circulation, 
and enhance tumor-specific accumulation.

Conclusion
In this work, we developed CS-based DDSs against 
colorectal cancer. As CS-PAMAM G4 nanocarriers were 
synthesized for efficient delivery of NB and Fe2O3 NPs. 
Afterward, a sort of analytical device, including FT-IR, 
DLS, TEM, and TGA, was applied for the characteriza-
tion of the fabricated DDS. The nanometric size, high 
therapeutics content, controlled and pH-sensitive NB 
release were measured for the CS-PAMAM-Fe2O3-NB 
nanocarrier. In what follows, MTT assay and qRT-PCR 
technique were applied for determining cancer cell 
suppression and apoptosis-inducing capability of CS-
PAMAM-Fe2O3-NB. The results of these biomedical tests 
have approved potential the ability of the synthesized 
DDS in the inhibition of colorectal cancer cells. High 
biocompatibility was shown in MSC normal cells which 
further verified the efficiency of CS-PAMAM-Fe2O3-NB. 
These data have confirmed that the fabricated nanocar-
rier is a promising DDS for the suppression of cancer 
cells.

Fig. 6  The relative gene expression levels of apoptotic (Caspase9 and Bax) 
and anti-apoptotic (Bcl2) genes after 24 h treatment with 25 nM concen-
trations of CS-PAMAM-Fe2O3, CS-PAMAM-Fe2O3-NB, and pure NB samples 
on SW480 cells. As indicated, the CS-PAMAM-Fe2O3-NB sample had a high-
er impact on inducing the expression of apoptotic genes and inhibition of 
anti-apoptotic gene
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