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Anticancer drug delivery remains a challenge of paramount importance in 
oncology. Recently, cellulose nanocrystals (CNC) have been used to optimize 
drug dispersion and loading efficiency. The goal of this research is to modify 
CNC with cetyltrimethylammonium bromide (CTAB) and loading silibinin into 
it, to deliver the silibinin to breast cancer cells.  Nanoparticles were synthesized 
and its surface modify by CTAB then, silibinin was loaded into it. SIL-CNC-CTAB 
were analyzed using special techniques for nanoparticle analysis such as dynamic 
light scattering (DLS), transmission electron microscopy (TEM), fourier transform 
infrared spectroscopy (FTIR) and zeta potential measurement. Anticancer effects 
were evaluated through the MTT assay. Apoptosis detection was evaluated by 
acridine orange/propidium iodide (AO/PI) staining.  The obtain results showed 
a hydrodynamic diameter of NP was 335.65 nm with a poly dispersity index 
(PDI) of 0.35. Zeta potential of was -26.66±6.32 mV. Encapsulation efficiency 
determined 83.8% of silibinin loaded on CNC-CTAB. Breast cancer MCF-7 cells 
exposed to silibinin-loaded CTAB-modified CNCs revealed significant toxicity with 
an IC50 value of 107 µg/mL and promotion of apoptotic changes confirmed by 
AO/PI analysis. According to the data of the present study, silibinin-loaded CTAB-
modified CNCs could prevent the progress and proliferation of MCF-7 breast 
cancer cells. 
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INTRODUCTION
Despite medical and technological advances, 

cancer and infections continues to claim tens of 
millions of lives each year [1-4]. Scientists have 
been investigating the disease long time, and even 
with enhanced treatment items, existing remedial 
such as chemotherapy drugs, provoke severe side 
effects [5-9]. Patients suffering from advanced 
cancers suffer greatly from therapy-related 
ailments, particularly when their disease relapses, 
so they are forced to undergo more aggressive 
treatments [10-13]. The use of chemotherapy 
without specific targeting mechanisms leads to 
the elimination of both cancer and non-cancer 
cells, thus causing systemic toxicity. Breast cancer 

(BC) is one of the most common kinds of cancer 
responsible for remarkable mortality among 
both men and women each year. Despite notable 
developments in initial detection and appropriate 
treatment, BC remains the chief cause of cancer-
related death and disability among women [14-18]. 
This figure is further aggravated due to the toxic 
effects of chemotherapeutics used to treat BC. 

Currently, a restrictive factor in chemotherapy 
is the deficiency of selectivity of drugs against 
cancer cells [19]. In addition, most anticancer 
drugs have a low therapeutic index, exaggerating 
their toxic side effects. For the duration of 
chemotherapy, some cancer cells develop 
resistance to treatment, requiring dose escalation 
or combinational therapy for better clinical 
outcomes at the cost of more side effects [20-

http://creativecommons.org/licenses/by/4.0/.
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22]. In order to resolve these problems, a range 
of drug delivery structures have been established 
[23-25]. In recent years, cellulose nanocrystals 
(CNCs) have been considered as promising 
nanomaterials for drug delivery applications [26, 
27]. CNCs derived from renewable resources 
offer several advantages, including high surface 
area, biocompatibility, and the capability to 
be improved for specific purposes [28, 29]. 
Introducing positive charges on the surface of 
CNCs through CTAB modification enhances their 
interaction with therapeutic agents and biological 
systems [30-32]. This approach helps improve 
drug loading and controlled release, offering 
greater drug loading and delivery efficiency and 
improving the physical and chemical properties 
of CNCs. Effective anticancer drug delivery 
residues a main challenge in oncology, and novel 
drug carriers, such as CTAB-modified CNCs, 
have offered promising potential to address these 
challenges. 

Silibinin is a polyphenol which antioxidant 
and antitumor activities have been established. 
Recently, several works have been done to assess 
the anticancer effects of polyphenols and silibinin, 
confirming its ability to inhibit cancer cells’ growth 
by inducing apoptosis via yet to be fully disclosed 
molecular mechanisms [8, 33-35]. Silibinin has 
shown therapeutic potential against a variety of 
cancer cells via intensifying free radical-induced 
cellular damage, suppressing cell cycle progression, 
and promoting anti-angiogenic properties [36-38]. 
A considerable trouble in the transfer of this drug 
to the cancer cells is, the extremely poor aqueous 
solubility. So far, no research has been conducted 
on silibinin-loaded CNC-CTAB on breast 
cancer. Therefore, in this study, we synthetized 
and characterized silibinin-loaded cellulose 
nanocrystals modified with CTAB (SIL- CNC-
CTAB) and evaluated its anti-cancer effects on the 
breast cancer cell line. 

MATERIALS AND METHODS
Materials

MCF-7 breast cancer cell line was acquired 
from Pasteur Institute of Iran. Trypsin-EDTA, 
RPMI164 culture medium, antibiotic, and FBS 
were purchased from GIBCO. MTT reagent, CTAB, 
propidium iodide (PI), and acridine orange (AO) 
and silibinin were provided from sigma-aldrich. 
DMSO solvent was purchased from Thermo Fisher 
Scientific (USA). 

Methods
Synthesis of SIL- CNC-CTAB NPs

To improve CNC with CTAB ,100 mg of dried 
CNC was sonicated in 20 mL of deionized water for 
15 minutes. Also 100 mg of CTAB was dissolved 
in 10 mL of deionized water Separately, and added 
to the CNC suspension. The mixture was stirred 
at 50°C for 2 hours to allow CTAB adsorption. 
Afterward, the CTAB-modified CNC NPs were 
collected using centrifugation (10,000× g) for 10 
min, washed 3-times with deionized water. For 
Loading of silibinin to CNC-CTAB, silibinin (10 
mg) was solvated in DMSO and added drop by 
drop to a CNC/CTAB suspension whit stirring for 2 
hours, allowing the adsorption of silibinin onto the 
NPs.  Then, by centrifugation silibinin -loaded NPs 
were precipitated and washed with deionized water 
several time to remove free silibinin molecules. 
Finally, silibinin /CNC/CTAB/ NPs gathering, 
washing by deionized water and put in freeze-dried 
for next used.

Characterization of CNCs
The average size (nm) and particle dispersion 

index (PDI) were done by DLS and surface charge 
were determined using Zetasizer instrument 
(Nano-ZS, Malvern, UK). Samples were dispersed 
in deionized water and sonicated for 5-min to ensure 
uniform suspension. Measurements were taken at 
25°C with a backscattering angle of 173. Z-potential 
amounts were conducted to assess electrophoretic 
mobility and surface charge.  A FESEM (JEOL, 
Japan) was used to examine the appearance of the 
nanoparticles. For taken a picture, a drop of the NPs 
suspension put down on the carbon coated copper 
gird and drying in the air.  FTIR study was utilized 
to recognize functional groups on the surface of 
nanoparticle (Perkin Elmer, Walthman, MA, USA). 
For this purpose, SIL-CNC-CTAB was mixed with 
potassium bromide (KBr) and then compacted into 
tablets whose spectra were measured at 4000-400 
cm-1 employing an FT-IR spectrophotometer.

Determination of the Encapsulation Efficiency
The encapsulation efficiency of silibinin in 

SIL-CNC-CTAB NPs was measured by utilizing 
a Shimadzu UV-1800 UV-Vis spectrophotometer 
at 280 nm (UV Spectrophotometer UV-1800, 
Shimadzu, Japan). For this purpose, first, standard 
calibration curve of silibinin in methanol was 
drown. Then, 300 µL of NP suspension was 
lyophilized to make the samples, and the dry powder 
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was reconstituted in 2 mL of methanol. The mixture 
underwent bath sonication at 37°C for 15 min, next 
centrifugation (12,000 g) for 15 minutes at 4°C to 
eliminate particulate matter. The supernatant was 
filtered for analysis. Encapsulation efficacy (%) was 
evaluated by: (amount of silibinin loaded in NPs / 
amount of silibinin initially added) × 100.

Silibinin Release Assay
The drug release profile of silibinin from SIL-

CNC-CTAB was tested by immersing a specific 
quantity of the formulation in 10 ml of PBS. 
Samples were taken at predetermined intervals 
(1, 3, 6, 12, 24, 48 and 72 h) and centrifuged to 
detached the released silibinin from the SIL-CNC-
CTAB. The supernatant was then examined at 289 
nm to calculate the amount of silibinin released. 

Cytotoxicity Assay 
To investigate the cytotoxicity of Sil-CNC-

CTAB, the MCF-7 breast cancer cell line was used. 
First, the cells were thawed after being recovered 
from a nitrogen tank and placed in the laboratory 
environment to reach ambient temperature. Then 
an appropriate cell culture medium was added to 
cells, and the suspension was transferred to a flask 
to be incubated under 5% CO2 and 37°C. The MTT 
test is one of the most popular methods used to 
check cellular viability. MCF-7 cells were cultured 
in a 96-well plate where they were exposed to SIL-
CNC-CTAB for a specific time period. Then 40 μl 
of the MTT solution (4 mg/ml) was added to each 
well. Then the plates were wrapped inside a foil, 
returned to the incubator, and kept for four hours 
at 37°C. At this stage, living cells transform the 
solution into a purple crystal, while the solution 
remains yellow or colorless in non-alive (i.e., 
no metabolic activity) cells. In the next step, the 
medium was drained, and the formazan product 
was dissolved by adding 100 μl of DMSO. Finally, 
color intensity was determined by a plate reader at 
a wavelength of 570 nm. Using a standard curve, 
the 48-hour IC50 of silibinin was determined. 
Cell viability at each concentration was calculated 
according to a previous study. The IC50 value was 
designated as the concentration at which 50% of 
cells were alive, and viability percentage was used 
to assess dose-dependent toxicity.

Cell staining by acridine orange/propidium iodide 
(AO/PI) 

AO/PI dual labeling was used to investigate 

the ability of SIL-CNC-CTAB to trigger apoptosis 
in MCF-7 cells. A 24-well plate was cultured with 
4×105 cells per well, and the cells were incubated for 
24 hours. The cells were then treated with different 
doses of SIL-CNC-CTAB adjusted according to 
the IC50 value of 107 µg/mL. After that, the cells 
were stained with 100 μg/ml of AO/PI in a 1:1 ratio 
for five minutes. Finally, apoptosis was detected by 
inspecting cells under a fluorescent microscope.

Statistical Data Analysis 
All tests were conducted 3-times, and data were 

expressed as mean ± standard error of the mean. 
One-way ANOVA and the LSD post-hoc test were 
used for inferential evaluations using SPSS software 
(version 21.0) at a significance level of less than 
0.05. Error bars on graphs represented standard 
deviations; a 5% confidence level was considered 
for calculations. 

RESULTS 
In this study, DLS-derived average particle size, 

particle dispersion index (PDI), zeta potential, 
and SEM analysis were used to physicochemically 
characterize the synthesized nanocrystals. 
According to Figure 1A, a unique monodisperse 
peak at around 335 nm indicated consistent particle 
size distribution with little agglomeration. 

Figure 1B depicts the zeta potential of the 
synthesized SIL-CNC-CTAB NPs. Z-potential is a 
technique for measuring of the surface electrical 
charge of particles in a liquid suspension and 
can provide important information about the 
stability of colloidal systems or nanoparticles. In 
our study, the zeta potential of the nanocrystals 
was -26.66±6.32 mV. The zeta potential suggested 
that the synthesized nanoparticles had appropriate 
stability. A micrograph of the nanocrystals taken 
by scanning electron microscopy (SEM) showed 
the high-resolution fibrous morphology of the 
formulation (Fig 1C). 

FTIR spectra 
Numerous unique peaks were visible in the 

FTIR spectrum of CNC-CTAB nanoparticles (Fig. 
2). FTIR spectra of pure nanocrystalline cellulose 
(NCC), CTAB-modified NCC and silibinine-
loaded NCC-CTAB samples clearly show the 
successful structural and chemical changes during 
the modification and pharmaceutical process. In 
the pure NCC complex, the broad and strong band 
in the range of 3200–3500 cm⁻1 is assigned to the 
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Figure 1. The physicochemical features of the synthesized nanocrysals. (A) Average particle size 

and other characteristics, (B) Zeta potential, and (C) SEM micrograph. 

  

 

Fig 2. FTIR spectra of pure nanocrystalline cellulose (NCC), Silibinin (SB), CTAB, CTAB-

modified NCC and silibinine-loaded NCC-CTAB samples. 

  

Fig. 1. The physicochemical features of the synthesized nanocrysals. (A) Average particle size and other characteristics, (B) Zeta po-
tential, and (C) SEM micrograph.

Fig. 2. FTIR spectra of pure nanocrystalline cellulose (NCC), Silibinin (SB), CTAB, CTAB-modified NCC and silibinine-loaded NCC-
CTAB samples.
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stretching of hydroxyl groups (O–H), indicating the 
strong hydrogen bonds and high hydrophilic nature 
of the cellulose nanocrystals. The peak around 2900 
and 100 cm⁻1 is related to the C–H stretching in the 
aliphatic chains of the cells. The strong band in the 
region of 1100–110 cm⁻1 is attributed to the C–O–C 
(ether bond) and C–O stretching in the pyranose 
ring of the cells, which becomes the fingerprint 
characteristic of the cellulose structure. Also, the 
peak around 1640 cm⁻1 is attributed to the O–H 
bending of adsorbed water in the lower regions 
(500–900 cm⁻1).

After the NCC surface modification with the 
ionic surfactant CTAB, the original cell structure is 
preserved but some obvious changes are observed. 
The new or enhanced peaks in the range of 2850–
2920 cm⁻¹ are assigned to the symmetric and 
asymmetric C–H stretching of the long alkyl chain 
in CTAB, which is the most important indication 
of the success of the hydrophobic modification 
of the NCC surface. Hydrogen reduction is 
responsible for O–H band at 3200–3500 cm⁻¹ 
due to the hydrophobic coating of CTAB. The 
peak around 1470–1480 cm⁻¹ is also attributed 
to the C–N vibration or N⁺-CH3 bending of the 
quaternary ammonium group of CTAB. These 
CTAB modifications cause CTAB to be adsorbed 
onto the surface through electrostatic (with the 
negative sulfate groups of NCC) and hydrophobic 
interactions, imparting ionic and hydrophobic 
properties to the nanoparticles.

In the spectrum of silibinin-loaded NCC-CTAB, 
the main features of NCC-CTAB are still preserved, 
indicating no major disruption of the basic structure. 
The O–H band at 3200–3500 cm⁻¹ broadens, which 
is caused by the addition of phenolic hydroxyl groups 
of silibinin. The further enhancement of the C–H 
peaks at 2850–2950 cm⁻¹ is due to the alkyl groups 
of CTAB and the aliphatic moieties of silibinin. The 
peak at around 1660 cm⁻¹ is assigned to the C=O 
(carbonyl group) stretching in the flavonolignan 
structure of silibinin, which is the key indication 
of the successful synthesis. Also, aromatic C=C 
vibrations are observed in the range of 1430–1510 
cm⁻¹ from the benzopyranone rings of silibinin. 
The absence of strong new peaks in the fingerprint 
region (500–1500 cm⁻¹) suggests structural loading 
(adsorption or encapsulation) of silibinin in the 
hydrophobic domains created by CTAB rather than 
covalent bond formation. The C–H reference in the 
lower and strong C–H regions is consistent with the 
features of CTAB (C–H peaks at 2850–2920 cm⁻¹ 
and C–N at ~1470 cm⁻¹) or silibinin (phenolic O–H 
at ~3370 cm⁻¹, C=660 cm⁻¹, and C=60~O) cm⁻¹). 

Encapsulation Efficacy 
The quantification of silibinin was done by a 

calibration curve described by the linear equation 
y = 0.2286x + 0.0928, with an excellent correlation 
coefficient (R² = 0.9909), demonstrating the 
reliability and precision of the analytical method 
(Fig. 3) The encapsulation efficiency of silibinin 

 
Fig 3.  Standard calibration curve of silibinin. 

  

Fig. 3.  Standard calibration curve of silibinin.
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into the SIL-CNC-CTAB NPs was determined 
to be 83.81%, indicating a high loading capacity 
of the nanocarrier system. These results confirm 
the effective incorporation of silibinin within the 
nanoparticulate matrix.

Silibinin release form SIL-CNC-CTAB NPs
The cumulative release of SIL from SIL-CNC-

CTAB NPs progressed with time, reaching 0, 5.3, 
10, 18.5, 29.2, 45.6, 66.4, and 79.4% at 0, 1, 3, 6, 12, 
24, 48, and 72 hours, respectively (Fig 4).

Cytotoxicity Study
In order to assess the therapeutic efficacy of SIL-

CNC-CTAB, the cytotoxic properties of various 
concentrations of the nanocrystals were measured 
by the MTT test. Due to its simplicity and accuracy, 
this assay is widely employed to investigate 
the cytotoxic effects of drugs on living cells in 
pharmacology research [39-41]. Here, MCF-7 
cells were treated with SIL-CNC-CTAB for 48 h, 
revealing substantial dose-dependent cytotoxicity 
at the dose of 7.8, 15.6, 31.2, 62.5, 125, 250, and 500 
μg/mL (Fig 5), where IC50 was determined as 107 
μg/mL. 

AO/PI Staining
Apoptosis was measured by AO/PI staining, 

which is a common technique utilized in cell 
biology and microbiology to detect apoptotic 
changes in cells via fluorescence microscopy or 

flow cytometry [40, 42]. Based on our results, 
MCF-7 cells treated with SIL-CNC-CTAB at the 
concentrations of 7, 107, and 307 μg/mL exhibited 
changes characteristic of apoptotic cells (for 
example, morphological changes such as shrinkage, 
transformation into a spherical shape, plasma 
membrane budding). Control cells showed uniform 
green fluorescence from the nucleus and cytoplasm, 
exhibiting predominant green fluorescence (AO⁺/
PI⁻), indicating intact membrane integrity and 
viable cells. At 7 μg/mL (Fig. 6), early apoptotic cells 
(AO⁺/PI⁺) displaying both green and orange-red 
fluorescence became apparent, while late apoptotic 
cells (AO⁻/PI⁺) with intense red nuclear staining 
dominated at higher concentrations of 107 μg/mL 
(Fig.) and 307 μg/mL (Fig.6). In cancer cells treated 
with SIL-CNC-CTAB displayed red fluorescence, 
indicating the penetration of PI dye into damaged 
apoptotic cells. Fluorescence images confirmed 
changes in nucleus density and fragmentation in 
cells treated with nanocrystals. In a concentration-
dependent manner, bright spots appeared at the 
nuclei of apoptotic cells, reflecting dose-dependent 
apoptosis. These findings collectively demonstrate 
the dose-dependent cytotoxic efficacy of the NPs 
through induction of programmed cell death.

DISCUSSION
This work examined the properties of SIL-CNC-

CTAB NPs on MCF-7 breast cancer cells Ray et al. 
(2024) showed that silibinin exhibited antitumor 

 

Fig 4: Silibinin release form SIL-CNC-CTAB NPs. 

  

Fig. 4. Silibinin release form SIL-CNC-CTAB NPs.
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Figure 5. The cytotoxicity of different concentrations of synthetic nanocrystals against the MCF-

7 cell line. SIL-CNC-CTAB NP reduced cancerous cell viability in a dose-dependently way, 

showing the maximum cytotoxicity. Data are presented as mean ± SEM. The test was done in 

triplicate and  *** indicated that the p<0.001 compared to the control (0). 

  

Fig. 5. The cytotoxicity of different concentrations of synthetic nanocrystals against the MCF-7 cell line. SIL-CNC-CTAB NP reduced 
cancerous cell viability in a dose-dependently way, showing the maximum cytotoxicity. Data are presented as mean ± SEM. The test was 

done in triplicate and  *** indicated that the p<0.001 compared to the control (0).

 

Figure 6. AO/PI staining analysis displays dose-dependent apoptosis induction in MCF-7 cells 

treated with SIL-CNC-CTAB NPs. (A) Untreated controls display green fluorescence (viable cells). 

(B) At 7 μg/mL, early apoptotic cells show mixed green and orange-red fluorescence (membrane 

alterations). (C) At 107 μg/mL, late apoptotic cells are evident with intense red staining (membrane 

permeabilization and nuclear condensation). (D) Late apoptotic cells dominate at 307 μg/mL with 

strong red fluorescence, indicating extensive nuclear fragmentation and membrane disruption. 

 

Fig. 6. AO/PI staining analysis displays dose-dependent apoptosis induction in MCF-7 cells treated with SIL-CNC-CTAB NPs. (A) 
Untreated controls display green fluorescence (viable cells). (B) At 7 μg/mL, early apoptotic cells show mixed green and orange-red 
fluorescence (membrane alterations). (C) At 107 μg/mL, late apoptotic cells are evident with intense red staining (membrane permea-
bilization and nuclear condensation). (D) Late apoptotic cells dominate at 307 μg/mL with strong red fluorescence, indicating extensive 

nuclear fragmentation and membrane disruption.
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properties against several kinds of cancer cells. 
Silibinin containing special properties including, 
antioxidant, anti-proliferative, and anti-metastatic 
properties, which make it a good candidate for 
treatment of cancer cells. One of the crucial 
procedures for anticancer activity of silibinin is its 
capability to regulate several signaling paths which 
require for cancer progress.  It has been shown the 
activation of numerous oncogenic ways, such as 
PI3K/Akt, NF-κB, and MAPK pathways inhibited 
by silibinin, thus cancer cell proliferation and cell 
cycle promotion inhibit, along with promoting 
apoptosis. Therefore, silibinin has  a considerable 
possibilities  for effective therapeutic for cancer 
treatment [43]. The cytotoxicity and apoptotic 
effects observed against cancer cells treated with 
silibinin were consistent with the data of the present 
study. Kumari et al. (2023) fabricated CNC from 
lignocellulosic waste of lemongrass by enzymatic 
hydrolysis and showed that curcumin encapsulated 
CNCs, while being stable for up to 24 hours and in 
all physiological pH conditions compared to pure 
curcumin, could support gradual in vitro release 
of curcumin at different pH conditions mimicking 
tumor microenvironment. The MTT assay 
established the non-cytotoxic or hemolytic effects 
of CNCs on A431 cells and human erythrocytes 
at various dose (2–10 μg/mL). Finally, CNCs 
loaded with curcumin exhibited higher in vitro cell 
toxicity and enhanced cellular uptake compared 
to free curcumin [44]. The above findings were in 
line with the consequences of this work, indicating 
increased cytotoxicity of cellulose nanocrystals 
against cancerous cells. In a study by Xing et al. 
(2023), CNC and polydopamine (PDA) coated 
DMON were prepared to develop bio-compatible 
pH-responsive nanocarriers for the effective 
delivery of paclitaxel. The modified CNC was 
expected to inhibit drug-leakage while confirming 
effective drug release from the nanocarrier at 
the tumor place. PDA was incorporated as an 
external coating, a biocompatible molecule that 
could enhance cellular uptake by supporting cell 
adhesion and enabling drug-stimulated response 
release. This nanocarrier exhibited excellent 
cellular uptake and pH-responsive release 
activities, with the cumulative drug release at pH 
5.5 reaching 80.59% within 85 hours [45]. In our 
study, based on the results of AO/PI analysis, the 
cells treated with SIL-CNC-CTAB at the dose of 7, 
107, and 307 μg/mL exhibited apoptotic features. In 
chemodynamic cancer therapy, CNC-coated drug 

delivery systems seem to provide an effective and 
controlled release of drugs. Sajjadiyan et al. (2016) 
constructed nanoparticles containing silibinin and 
investigated their effects on the MCF-10A human 
breast cancer cell line in order to improve the drug’s 
poor bioavailability at the tumor site [46]. In the 
recent study, SIL encapsulated in nanoniosomal 
particles modified with polyethylene glycol showed 
higher cytotoxic effects than free silibinin on the 
MCF 10A cell line, suggesting this platform as an 
effective drug delivery system for breast cancer 
treatments. These findings were consistent with 
our observation in the present study. Pirouzpanah 
et al., in a 2015 study, investigated the apoptotic 
and growth inhibitory effects of silibinin (25 to 
800 μmol for 24, 48, and 72 hours) on the MCF-7 
cell line and reported that at a dose of 200 μmol 
for 24 hours (48-hour IC50: 148 μmol), the drug 
had significant dose- and time-dependent effects 
on cell growth and apoptosis, accompanied by P53 
overexpression [47]. Accordingly, this increase in 
toxicity against MCF-7 cancer cells treated with 
silibinin was consistent with the outcomes of this 
work. Likewise, Mahmoodi et al. declared that 
silibinin, as a polyphenol with antioxidant and 
anticancer properties, meaningfully decreased the 
viability of T47D breast cancer cells [48]. Another 
study conducted by Jackson et al. in 2011 revealed 
that CTAB-modified CNCs were proficient in 
binding and controlled release of anticancer drugs. 
In the recent report, CNCs prepared by acid 
hydrolysis had nanoscopic dimensions, showed 
a high degree of crystallinity, and could bind 
significant amounts of water-soluble and ionizable 
drugs (i.e., doxorubicin and tetracycline), which 
were quickly released during the one day. CTAB 
bound to CNC surface increased the zeta potential 
from 0 to -55 mV in a concentration-dependent 
manner, boosting their capacity for carrying and 
gradually releasing hydrophobic anticancer drugs. 
CNC-CTAB complexes were able to effectively 
penetrate into the KU-7 cell line [49]. The above 
findings were consistent with the consequences 
of the current work, advocating for the potential 
applicability of CNCs as drug carriers.

CONCLUSION
According to the data obtain from the present 

study, CNCs modified with CTAB were capable 
to prevent the cell growing and proliferation 
of MCF-7. This phenomenon was associated 
with concentration-dependent cytotoxicity and 
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pro-apoptotic effects. These nanoparticles, like 
polymeric nanoparticles, showed a slow-release 
profile, allowing for possible drug accumulation 
in the tumor site. While CTAB-modified CNCs 
caused significant toxicity against cancer cells, they 
were compatible with normal cells in vitro. Based 
on our observations, CNCs have great potential 
in the field of cancer treatment caused by their 
distinctive properties such as capacity for surface 
modifications, allowing the loading and controlled 
release of chemotherapeutics.
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