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Abstract  A promising method for cancer therapy is 
the coating of magnetic nanoparticles with carboxy 
methylcellulose. In a research project, hydroalcoholic 
extract of Cinnamomum camphora leaves was used 
to demonstrate the production of magnetic nanopar-
ticles (MNPs); MNPs were coated with carboxyme-
thyl cellulose to form carboxymethyl cellulose-coated 
magnetic nanoparticles (CMNPs)were formed. Pre-
liminary phytochemical screening of C. camphora 
confirmed the presence of flavonoids, carbohydrates, 
phenolic compounds, and proteins. Phenolics 280.59 
(mg/g), flavonoids 15.46 (mg/g), proteins 1.9 (mg/
mL) and total carbohydrates 293.80 (mg/g) were all 

quantified. To confirm the formation of MNPs and 
CMNPs, UV–visible (UV–vis) spectroscopy, Fou-
rier transform infrared (FT-IR) spectroscopy, X-ray 
diffraction (XRD), transmission electron microscopy 
(TEM), and X-ray photoelectron spectroscopy (XPS) 
were used. Peaks were observed at 232 nm and 240 
nm, respectively. The largest absorption peaks were 
observed in MNPs and CMNPs, respectively. The 
particles were spherical in shape and less than 10 
(nm) in diameter. The potential scavenging activity of 
biosynthesized MNPs and CMNPs was evaluated by 
the ABTS and DPPH assays, and the inhibition val-
ues IC50 were 141.3 ± 3.0 and 61.67 ± 2.5 (µg/mL) for 
ABTS and 176.1 ± 4.0 and 70.92 ± 3.0 (µg/mL) for 
DPPH, respectively (p ≤ 0.05). Furthermore, the cyto-
toxicity test results showed that the HCT-116 human 
colon cancer cell line had the lowest IC50 value of 20 
(µg/mL) for CMNP, followed by the HepG2 hepa-
tocellular carcinoma cell line with an IC50  value of 
33 (µg/mL) for CMNP, indicating that the cytotoxic 
effect on colon cancer cells is stronger than on liver 
cancer cells. Molecular docking studies have revealed 
that CMNPs target and bind to apoptotic protein, 
enhancing their bioactivity and cytotoxic effects on 
cancer cells. Furthermore, our findings suggest that 
the induction of apoptosis may be responsible for the 
anticancer effects of CMNPs.
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Introduction

Cancer treatment could benefit greatly from the appli-
cation of nanotechnology. Chemotherapeutic drugs 
can be administered directly to cancer cells, thereby 
reducing damage to healthy tissue. A relatively new 
and highly interdisciplinary area that holds great 
promise for in vitro and in vivo therapeutic and diag-
nostic testing is the application of nanoparticles for 
medical reasons, such as anti-biofilm and antibac-
terial properties (El-Sayyad et  al. 2022). Magnetic 
nanoparticles (MNPs) can be produced using several 
techniques; biological approaches are preferred over 
conventional methods for MNP synthesis because the 
production of MNPs involves the use of potentially 
harmful substances. Therefore, biological methods 
are not only environmentally safe and economical, but 
they are also rapid, single-step processes that can be 
easily scaled up. Furthermore, it does not require the 
use of energy, pressure, high temperatures, or poten-
tially hazardous materials (Dhar et  al. 2021; Yew 
et  al. 2016; Abd El-Aziz et  al. 2023; Eldeeb et  al. 
2023). Biological methods for nanoparticle synthe-
sis are based on algae, bacteria, fungi, actinomycetes, 

yeasts, and plants (El-Rafie et  al. 2016, 2023; Abd 
El-Aziz et  al. 2023; Rai et  al. 2009; Kalishwaralal 
et al. 2010; Saratale et al. 2018; Roy et al. 2019). C. 
camphora (camphor-tree) has high aromatic potential 
in the pharmaceutical and food industries (Lee et al. 
2022). It has blood purifying properties, digestive 
properties, astringent, stimulant, antipyretic, antimi-
crobial, antinutritional, antiviral, and antifungal prop-
erties, as well as blood sugar and cholesterol-lowering 
properties. Although medicinal plants are important 
in new drug development, standardization of bioac-
tive extracts should be done on active ingredient basis 
(Lee et al. 2006; Singh and Jawaid 2012; Pragadheesh 
et  al. 2013; Marasini et  al. 2015; Cardoso-Ugarte 
et al. 2016). Compounds derived from camphor have 
been found to from have biological activity as antiox-
idants, fungicides, antifungals, and anti-inflammatory 
agents. Camphor wood and leaves are a readily avail-
able and inexpensive resources in Egypt. The combi-
nation of biodegradable polymers and nanomaterials 
(NMs) is a current research topic. Polysaccharides are 
non-toxic, readily biodegradable, widely dispersible, 
and biocompatible. Common reduction stabilizers of 
mono-, bi-, and tri-metallic nanoparticles are polysac-
charides (Abd El-Aziz et al. 2023; Alam et al. 2020). 
This is because polysaccharides are environmentally 
benign and easily transformed into different types of 
hydrogels. Biopolymers are now be employed in more 
applications because nanoparticles (NPs) improve 
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their thermal, mechanical, and barrier properties 
(Berradi et  al. 2023). One of the most promising 
nano-reinforces is cellulose, which has a large surface 
area, flexibility in surface functionalization, good bar-
rier properties, biodegradability, and biocompatibility 
(Wang et al. 2022a, b; Hazra et al. 2024; Schiavi et al. 
2024). Interesting properties of cellulose include its 
high wet strength, low density, and large water reten-
tion capacity (Musino et  al. 2021, Joshi and Man-
jare 2024). One of the most widely used cellulose 
derivatives, Carboxymethyl cellulose (CMC), has 
applications in a variety of industries, including the 
food industry, paper industry, textile industry, phar-
maceutical industry, and biomedical engineering. In 
addition to being renewable, biodegradable, and non-
hazardous to human health, CMCs are widely used in 
wastewater treatment, power generation, and quality 
maintenance of agricultural products (Spiliopoulos 
et al. 2021; Saberi Riseh et al 2023; Tang et al. 2024). 
CMCs are water soluble polymers with carboxy-
methyl groups attached to some of the three mono-
mers that make up the cellulose backbone (Jabareen 
et al. 2021; Salem et al. 2022). Cellulose was used to 
develop different types of NPs, which are adsorbents 
that can efficiently remove anionic and cationic dyes 
(Domingues et al. 2022; Wang et al. 2022a, b). Due 
to their long cellulose chains, they were also used to 
stabilize nanoparticles. (He et  al 2022). CMCs have 
frequently been used as suitable reducing agents and 
stabilizers in the production of NPs in an aqueous 
media (Aguilera et  al. 2018; El-Naggar et  al. 2022). 
Researchers are working hard to develop low-cost and 
environmentally friendly production techniques that 
will lower production costs and allow the use of safe 
materials such as CMCs for pharmaceutical applica-
tions. Therefore, the aim of this study was to evaluate 
the favorable effects of biogenic MNPs and CMNPs 
on the proliferation of HEPG-2 and HCT-116 cells 
(Hazra et al. 2020; Elbagory et al. 2021).

Materials and methods

Collection of C. camphora leaves

C. camphora leaves were collected from Helwan 
district, Egypt, and properly washed with tap water; 
C. camphora leaves were dried in the shade, and 
then placed in oven trays, and heated overnight at 

a temperature of 30–35  °C. After complete dry-
ing, plant samples were ground to a fine powder and 
stored in sealed bottles before use for extraction.

Preparation of C. camphora leaf extract

Thirty grams of C. camphora leaves were boiled in 
150  mL of double-distilled water for 15  min. The 
plant extract was then filtered and dried at 40 °C, and 
stored for MNP synthesis.

C. camphora quantitative and qualitative screening 
for phytochemicals

Phytochemical qualitative reactions of typical plant 
secondary metabolites were performed on hydroalco-
holic extract of C. camphora. Extracts were screened 
to determine the type and amount of flavonoids, car-
bohydrates, phenolic compounds, and proteins. Qual-
itative and quantitative phytochemical constituents 
were determined from color intensity and precipitate 
formation due to the presence of these metabolites 
(Parekh and Chanda 2007; Prabhu et al 2011; Shinde 
et  al. 2012). Total protein, carbohydrate, phenolic, 
and flavonoid content were determined by standard 
methods (Kiranmai et al. 2011).

GC/MS analysis of the hydroalcoholic extract of C. 
camphora

The C. camphora hydroalcoholic extract was ana-
lyzed on a fused silica capillary column, TG-5MS 
capillary column, helium flow rate 1  mL/min as 
carrier gas, injection temperature250°C, oven tem-
perature 80 °C, 0.0 min, ramp 10 °C/min to 320 °C. 
The analysis was performed by GC/MS (GC/MS GC 
TRACE 1300/ISQ 7000).

Synthesis of MNPs using C. camphora extract

Ferrous sulfate (10 mL) and ferric chloride (20 mL) 
were mixed and heated at 80  °C for 40  min, then 
10 mL of hydroalcoholic extract of C. camphora was 
added and stirred for 5 min. The pH was then raised 
to 11 using 1 M NaOH; after 30  min of continued 
stirring, a black precipitate of magnetic nanoparticles 
formed. The MNPs were separated using a magnet 
and washed with distilled water. Finally, the MNPs 
were dried at 95 °C.
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Carboxymethyl cellulose

This study used carboxymethyl cellulose (CMC), a 
white or slightly yellowish hygroscopic solid that was 
odorless, tasteless, non-toxic, and easy to ferment. 
Carboxymethyl cellulose (cellulose gum) is obtained 
from wood by treating it with alkali and monochlo-
roacetic acid, or its sodium salt. With water, CMC 
(CMC from sigma-aldrich company) average molecu-
lar weight (Mw) of ~ 250,000, a degree of substitution 
of 0.7, and a grade of 97–100%.

Coating process

10 mL of distilled water was used to disperse 100 mg 
of dried and finely milled magnetic nanoparticles, 
which were then sonicated for 10 min. 10 mg of car-
boxymethyl cellulose (CMC) was dissolved 10 mL of 
DI and physically swirled until the CMC was com-
pletely dissolved, then the CMC solution was added 
dropwise to the magnetic nanoparticle suspension 
and stirred at 500 rpm for 10 h (Aguilera et al. 2018).

Characterization of biosynthesized MNPs 
and CMNPs

UV–vis spectroscopy

Samples were suspended in water at a concentration 
of 1 mg/mL. The pH of the sample was adjusted to 
7.0 using 0.1 M HCl or 0.1 M NaOH. Samples were 
diluted 1:3 with distilled water, sonicated for 10 min, 
and subjected to measurement. A UVS-260D spectro-
photometer was used for UV–vis measurements. The 
following parameters were utilized: scale up (top 3.0), 
bottom (0), wavelength start 200 nm, wavelength end 
800 nm (Takai et al. 2019).

Zeta size and potential analysis

Samples were suspended in water at a concentration 
of 1 mg/mL. The pH of the sample was adjusted to 
7.0 using 0.1 M HCl or 0.1 M NaOH. Samples were 
diluted with distilled water (1:3) and sonicated for 
10 min. The potential and size of MNPs and CMNPs 
were measured at the Center for Nanotechnology, 
Helwan University, Egypt, using a Zeta Sizer Nano 
ZS from Malvern Instruments, Malvern, UK. Using a 

150 mV electric field and water as a dispersant, were 
used to determine the potential surface charge of the 
particles. The RI of the dispersant was 1.330, the vis-
cosity (cp) was 0.8872, and the dispersant constant 
of the dispersant was 7.5. The measurements were 
repeated three times, and the standard deviations 
were calculated (Fan et al 2013).

Transmission electron microscopy analysis

Samples were prepared by drop-casting a suspension 
of MNPs or CMNPs onto a carbon-coated copper 
grid and drying at room temperature. To measure the 
size and shape of MNPs and CMNPs, a JEOL elec-
tron microscope (TEM, JEOL JEM 2100, Japan) was 
used. The grids were examined at various magnifica-
tions of 100, 50, and 10  nm at TEM 120  kV at the 
Nanotechnology Center, Petroleum Refining Depart-
ment, Egyptian Petroleum Research Institute (EPRI) 
(HV = 120 kV; magnification = 1500000X; print mag-
nification at 211  mm = 371000x; TEM mode: Imag-
ing (Poole and Owens 2003).

FTIR spectroscopy

Samples were prepared by grinding the MNP and 
CMNP, C. camphora extract, and CMC with KBr and 
extruding the mixture into pellets using a KBr Beam 
Divider. MIR TGS detector (4000–450  cm−1). We 
used the PerkinElmer ATR Sample Base Plate DIA-
MOND Spectrometer was used to analyze FTIR spec-
tra with the following parameters: instrument mode 
(Spectrum Two), instrument serial number (109,979), 
software revision (NIOS2 Main 00.02.0091), num-
ber of scans (4)), resolution (4), detector (MIR TGS), 
scan speed (0.2), and UATR crystal combination 
(Diamond) were used (Zhang et al. 2011).

XRD analysis

Samples were prepared by finely grinding the 
MNPs and CMNPs. Target Cu, voltage 40  kV, cur-
rent 30  mA, divergence slit 1.00000°, scattering-
slit 0.00000°, receiving slit 0.30000  mm, ribaxis: 
θ-2θ,scan range 4.0000—90.0000°, scan mode: con-
tinuous scan, Scanning speed: 8.0000°/min, Sampling 
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pitch: 0.0200°, after 600  °C ignition (Sotiriou et  al. 
2012).

Assessment of carboxymethyl cellulose’s 
computational absorptivity

The magnetic nanoparticle adsorbent material’s struc-
ture was obtained in a (mol) file format from the BIO-
VIA Materials Studio Wizard tool, while the carbox-
ymethyl cellulose adsorbate’s mol file was obtained 
from PubChem. The “Optimize Geometry” tool in 
BIOVIA Materials Studio was utilized to optimize 
the structure for simulation. The “Forcite” module of 
BIOVIA Materials Studio was used to perform clas-
sical molecular dynamics  simulations for the mag-
netic adsorption simulation. One chitosan structure 
was housed in a 20 × 20 × 20 Å cubic simulation cell 
that was assembled. The “Builder” tool was utilized 
to insert the adsorbate molecule, in this case insu-
lin, into the simulation cell and place it inside the 
chitosan structure. After that, water molecules were 
added to the system. Constant numbers of atoms, 
pressure, and temperature were set as the simulation 
parameters for an NPT ensemble. An NVT ensemble 
(constant number of atoms, volume, and temperature) 
was used to equilibrate the system for one nanosec-
ond after it was first heated to 300 K. Magnetic inter-
actions were induced by applying a 10  T magnetic 
field perpendicular to the simulation cell’s xy-plane. 
The simulation  had  a time step of 1  fs and ran for 
5 ns. Temperature, pressure, and energy were tracked 
until convergence. The “Analysis” module in Materi-
als Studio was used to examine simulation results by 
calculating and analyzing adsorption energies and 
other relevant parameters in an effort to identify pos-
sible applications.

Antioxidant activity of MNPs and CMNPs

The ABTS and DPPH assays, respectively, were used 
to measure the radical scavenging activity of MNPs 
and CMNPs. The assay used the methods of Benzie 
and Strain (1996) and Arnao et al. (2001) technique. 
We performed the measurements three times and cal-
culated the standard deviation after each time.

Anticancer activity of MNPs and CMNPs

Cell lines

HCT 116, HepG2, and WI-38 are human cell lines 
that indicate  normal lung fibroblasts,  colon cancer, 
and liver cancer, respectively. In a 5 (%) CO2 incu-
bator at 37  °C, they were cultivated in RPMI-1640, 
Dulbico 10 (%) fetal bovine serum supplemented 
medium, and 1 (%) Pen/Strep solution.

Cell viability assay

Cell survival was assessed by conducting the MTT 
test (Mosmann 1983; Ohno and Abe 1991). HCT-116 
and HepG2 cells were plated and allowed to grow in 
96-well plates for 24  h. Different concentrations of 
MNPs and CMNPs (100, 50, 25, 12.5, and 6.5  (µg/
mL)) were added to the media. After 48  h, 50  μL 
of MTT solution (5  mg/mL in PBS) was added to 
the wells and incubated at 37 °C for 4 h. The media 
was discarded after the treatment period of 48 h, and 
the cells were washed twice with PBS. then 50  µl 
of DMSO was then added to dissolve the formazan 
crystals, resulting in purple color. Cell survival per-
centage was determined by reading the absorbance at 
570 nm using a Biotek (ELX-800) plate reader after 
incubating the plates at 37 °C for 10 min. Each meas-
urement was performed three times, and the standard 
deviation between results was calculated.

Apoptotic staining

The apoptotic damage was evaluated using the 
dual acridine orange/ethidium bromide (AO/EB) 
assay. HCT 116 and HepG2 cancer cells, as well as 
untreated cells, were stained with AO/EB follow-
ing 48  h of customized treatments with MNPs and 
CMNPs at IC50. After the staining solution was 
added to the plates, they were washed three times in 
PBS. Living and dead cells were stained with AO, 
and cells whose membrane integrity had been com-
promised by EB were labeled (Pfeffer et  al. 2018). 
Morphological changes were monitored using a fluo-
rescent microscope (at 40 and 100 × magnifications).
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In silico molecular docking and absorptivity test

The objective of the molecular docking study 
was to examine the binding affinities and interac-
tions between doxorubicin, magnetic nanoparticles 
(MNPs), and three targets of apoptotic proteins: cas-
pase 3, caspase 9, and Bcl-2-associated death pro-
moter (BAD). With the following PDB IDs: 7Q16 
for BAD, 3DEI for caspase 3, and 2AR9 for caspase 
9, the protein structures utilized in the investigation 
were acquired from the RCSB Protein Data Bank. 
The MM2 forcefield in Chem3D of the ChemDraw 
software was used to optimize the ligand structures 
of doxorubicin, MNPs, and carboxymethyl cellulose 
MNPs (CMNPs) after they were built using Mate-
rial Studio 2020. The Protein Preparation Wizard in 
Maestro was used to prepare the protein structures for 
docking. This included adding hydrogen atoms, deter-
mining bond orders, and reducing steric clashes. The 
active sites of each receptor were then surrounded 
by grids. After the proteins were ready, they were 
put through the Glide docking process in the Schro-
dinger suite for molecular docking. The binding poses 
were ascertained by analyzing the docking scores 
and interactions with significant amino acid residues. 
Additionally, absorptivity scores were computed in 
order to forecast the possible uptake of nanoparticles.

Statistics

The analysis was performed using Graph Pad Prism 
8.0 software at a confidence level of 95 (%).

Results and discussion

Phytochemical analysis

Plants have many different metabolites, such as 
proteins, carbohydrates, phenols, and flavonoids, 
which contribute to their appealing characteristics. 
A wide range of phytochemicals were found in the 
hydroalcoholic extract of C. camphora. Table  1 
illustrates that C. camphora leaves contain pheno-
lics 280.59  mg/g, flavonoids 15.46  mg/g, proteins 
1.9  mg/mL, and total carbohydrates 293.80  mg/g, 
all of which are highly concentrated in C. cam-
phora. The main ingredients in the formation and 
stabilization of CMNPs were proteins, carbohy-
drates, phenolic compounds, and flavonoids (Huang 
et  al. 2007). We repeated the measurements three 
times and calculated the standard deviations.

GC/MS analysis of the hydroalcoholic extract of C. 
camphora

The components of hydroalcoholic extracts of C. 
camphora were identified using the GC–MS tech-
nique (method), both, the functional groups that 
made up MNPs and C. camphora extract. The GC/
MS analysis of the C. camphora hydroalcoholic 
extract, as represented by the total ion chromato-
gram in Fig. 1, and the results compiled in Table 2, 
demonstrated the identification of 22 compounds, 
which accounted for 90% of the hydroalcoholic 
extract’s total peak area. The major compounds 
identified in the extract were 15 (%), 13-Octade-
cenal (Z)-12.3 (%), 5-Octadecene (E)- 9.22(%), 
13-Octadecenal (Z)- 7.25 (%), and 9-Octadecenoic 
acid (z)- methyl ester 5.5 (%). The identification of 
fifteen ketone and aldehyde molecules associated 
with C. camphora was confirmed through GC–MS 
analysis.

UV–visible spectroscopy

A UV–Vis device was used to characterize MNPs 
synthesized from the hydroalcoholic extract of C. 
camphora, Spectra with wavelengths between 200 
and 800 (nm) were measured. The UV–visible 
spectra of CMC, MNPs, and CMNPs are shown In 

Table 1   Qualitative and quantitative phytochemicals of C. 
camphora 

( +) mean present

Phytochemical Qualitative Quantitative

Phenolics  +  +  +  280.59 ± 7.91 (mg/g)
Flavonoids  +  15.46 ± 1.28 (mg/g)
Carbohydrates  +  +  +  293.80 ± 3.36 (mg/g)
Proteins  +  +  +  1.9 ± 0.00042 (mg/mL)
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Fig. 1   GC/MS chromatogram of C. camphora hydroalcoholic extract

Table 2   GC/MS Analysis of the hydroalcoholic extract of C. camphora 

Rt; Retention time, M+; Molecular ion peak, BP; Base peak, MF; Molecular formula

No Name of compound Rt Mass spectrum m/z

M+ BP Area
(%)

MF

1 Z-10-Pentadecen-1-ol 11.58 268 55 15.45 C18H36O
2 5-Octadecene, (E)- 12.74 252 55 9.22 C18H36

3 13-Octadecenal, (Z)- 12.96 266 55 12.3 C18H36O
4 Alcohol, Oleyl 13.2 268 82 3.90 C18H36O
5 (9,12)-Octadecadienoyl chloride, (Z,Z)- 13.6 298 44 1.57 C18H31ClO
6 10-Heneicosene (c, t) 13.82 294 55 5.53 C21H42

7 13-Octadecenal, (Z)- 14.02 266 55 7.25 C18H34O
8 (6z)-6-Pentadecen-1-ol 14.2 226 67 1.88 C15H30O
9 Hexadecanoic Acid, Methyl Ester 14.28 270 74 4.00 C17H34O2

10 5-Tetradecen-1-ol, acetate 14.6 254.4 43 1.11 C16H30O2

11 9-Nonadecene 14.8 266.5 55 1.10 C19H38

12 9-Octadecenal 15.01 266 44 1.50 C18H34O
13 9-Octadecenoic Acid (Z)-, Methyl Ester 15.9 296 55 5.5 C19H36O2

14 11-Octadecenoic Acid (Z)-, Methyl Ester 16.02 296 55 2.92 C19H36O2

15 Hexadecanoic acid, 4-hydroxy-, delta-lactone 16.07 254 85 1.64 C16H30O2

16 Octadecanoic acid, methyl ester 16.19 298 74 2.72 C19H38O2

17 1-Propene-1,2,3-tricarboxylic acid, tributyl ester 16.5 342 112 1.14 C18H30O6

18 Tributyl acetylcitrate 17.41 402 185 2.5 C20H34O8

19 11,14,17-Eicosatrienoic acid, methyl ester 17.72 320.5 81 3.1 C21H36O2

20 7-Methyl-Z-tetradecen-1-ol acetate 17.8 268 57 2.38 C17H32O2

21 2-Bromooctadecanal 19.4 346 81 0.9 C18H35BrO
22 Bis(2-ethylhexyl) phthalate 20.20 390.5 149 3.69 C24H38O4

The total percentage of identifiable constituents 90 (%)
The total percentage of unidentified constituents 10 (%)
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Fig. 2A. A peak at 232 (nm) was generated by MNP 
production using C. camphora, while a peak at 240 
(nm) was generated by CMNP production. The shift 
in peak positions and intensity between the two sam-
ples indicates a change in the electronic structure of 
the nanoparticles, which is likely due to the presence 
of the CMC coating. Figure  2B (S1–S6) shows that 
MNPs (S1–S3) and CMNPs (S4–S6) were stable at 
different times, with S1 being MNPs at time zero, S2 
at 3 months, and S3 at 6 months. On the other hand, 

S4 are CMNPs at time zero, S5 at 3 months, and S6 at 
6 months (Yusefi et al. 2023).

Zeta size and potential analysis

Based on the data shown in Table  3, Figs.  3 and 4, 
The MNPs and CMNPs had an average diameter of 
33 and 9.5 (d.nm), respectively, with a polydispersion 
index (PDI) of 0.503 and 0.121, respectively, accord-
ing to the measurements. The surface potentials of 

Fig. 2   UV–visible spectra of 2A-CMC, MNPs, and CMNPs and 2B (S1-S7) stability of MNPs and CMNPs at different times
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CMC, MNPs, and CMNPs were −32.2, −22.7, and 
−52.6 (mV), respectively. Additional studies on the 
surface charge and size of the MNPs and CMNPs 
nanoparticles were carried out using Zeta Sizer. 
Based on the findings, CMNPs have a smaller particle 
size than MNPs, shown by the comparison between 
the two types of nanoparticles. Furthermore, the zeta 
potential of CMNPs is significantly lower than that of 
MNPs. Because CMC acts as a stabilizing agent (it 
contains a long chain), the particle size has decreased 
since the CMC coating was applied. This is because 
the coating increases stability and prevents the 
aggregating of MNPs (Abd El-Aziz et al. 2023). We 
repeated the measurements three times and calculated 
the standard deviations.

Transmission electron microscopy analysis

Monitoring the geometric shape and size is a crucial 
criterion for the characterization of nanoparticles. 
TEM is widely used in aquatic environments to accu-
rately assess particle size, dispersion, and aggregation 
with high resolution. As shown in Fig. 5a, the CMC 
coating is not visible in the TEM images because 
CMC is as a thin layer on the surface of the nano-
particles. As shown in Fig. 5b, c, and d, transmission 
electron microscope (TEM) images show that both 
MNPs and CMNPs have a spherical shape, with an 
average diameter of 15 (nm) for MNPs and 10 (nm) 
for CMNPs. By TEM, the morphology of optimized 
MNPs and CMNPs was shown to be spherical, as 
shown in Fig.  5 (e) TEM of CMNPs measured at 
magnifications of 10 (nm) to illustrate the claim of 
CMC coating on MNPs (Eldeeb et al. 2023).

FT‑IR spectroscopy

We verified the existence of functional groups using 
FTIR. The identification of biomolecules is a nec-
essary step in the process of developing innovative 
techniques for producing nanoparticles. Figure  6 
shows the Fourier transform infrared (FT-IR) analysis 
of C. camphora extract, its MNPs, and its CMNPs. 
FT-IR analysis includes (A) plant extract, (B) CMC, 
(C) MNPs, and (D) CMNPs. In Fig. 6A, and B, the 
broad peaks at 3276 and 3350 (cm−1) is assigned 
to (OH), and the peaks at 2921, 2933 (cm−1) are 
assigned to (C–H) stretching. The peak was observed 
at 1700, 1607 and 1587 (cm−1) confirming the pres-
ence of COO, which is attributed to the stretch-
ing of the carboxyl group. This band was important 
in determining complexation between MNPs and 
CMC, and is expected to shift or otherwise peak at 
1300–1500 (cm−1) when complexes occur (Zaidi 
et  al. 2011; Su et  al. 2010), peaks from 1300–1500 
(cm−1) are assigned to OH stretching in the plane and 
C–H stretching in the symmetry of CMC (AbouTaleb 
et  al. 2009), 1000–1300 (cm−1) due to –(C–O) H 
stretching, (Chai and Isa 2013). Figures  6, C, and 
D, the disappearance of the broad peaks at 3276 and 
3350 (cm−1), was observed, meaning that they were 
consumed in the formation and coating of MNPs, as 
were the peaks at around 3000 (cm−1), which were 
assigned to –C–H were shifted to a higher wavenum-
ber, and the carboxyl group peaks were also shifted 
from 1587 to 1750 (cm−1) confirming the complexa-
tion between MNPs and CMC. After the formation of 
MNPs, these absorption bands shifted to higher wave-
numbers with a loss of intensity, suggesting that these 

Table 3   The average diameter, mean and standard Deviation of CMC, MNPs and CMNPs

Sample name Average diameter Standard Deviation

Zeta Size
CMC 0 (d.nm) 0 (d.nm)
MNPs 33 (d.nm)  ± 10.9 (d.nm)
CMNPs 9.5 (d.nm)  ± 3.5 (d.nm)

Sample name Mean Standard Deviation

Zeta Potential
CMC  − 32.2(mV)  ± 9.71 (mV)
MNPs  − 22.7(mV)  ± 3.76 (mV)
CMNPs  − 52.6(mV)  ± 6.50 (mV)
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functional groups were used in the synthesis of MNPs 
(Rozali et al. 2016). The peaks at 500–630 (cm−1) are 
the stretching vibrations of the Fe–O bonds (Waldron 
1955; Bordbar et al. 2014; Aslam et al. 2021; Masri 
et al. 2018).

X‑ray diffraction

In addition to providing information about unit cell 
dimensions, X-ray diffraction (XRD) is a rapid ana-
lytical technique commonly used for phase identi-
fication of crystalline materials. By examining the 
diffractograms of CMC, MNPs, and CMNPs, Fig. 7 

Fig. 3   Zeta size, spectrum 
of a- CMC, b- MNPs, c- 
CMNPs where red color 
spectrum represents repli-
cate one, green color spec-
trum represents replicate 
two, blue color spectrum 
represents replicate three
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shows the diffractograms of CMC, MNPs, and 
CMNPs. The diffraction profile of CMC showed no 
peaks. However, MNPs and CMNPs exhibit peaks 
at 2θ values of 30.2°, 36.5°, 42.91°, 57.3°, 64.21°, 
65.21°, and 74.98°, which are the planes (220), 
(311), (400), (511), (440), (531), and (622) of their 
crystalline MNPs and CMNPs (Compeán et  al. 
2008, Chomchoey et al. 2010, Jia et al. 2016).

XPS analysis

We performed XPS analyzes to further characterize 
the surface chemical composition of the MNPs and 
CMNPs. Fig. S (1–4) and 8 (a–d) shows typical XPS 
spectra of MNPs and CMNPs. The XPS examina-
tion of MNPs (Fig.  S1) shows that the peaks of Fe 
2p3 and O 1s were observed in the hybrids and no 
other element peak was detected, showing that the 

Fig. 4   Zeta potential of 
spectrum of a- CMC, b- 
MNPs, c- CMNPs where 
red color spectrum repre-
sents replicate one, green 
color spectrum represents 
replicate two, blue color 
spectrum represents repli-
cate three
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MNPs mainly contained two elements of Fe and O. 
Figure 8a shows from the XPS study of CMNPs that 
the peaks of Fe 2p3, O 1s, and C 1s were observed in 
the hybrids, and no other element peak was detected, 
showing that the CMNPs mainly contain the three ele-
ments of Fe, O, and C. Figs. S2 and 8b show the Fe 2p 
spectrum of MNPs and CMNPs. There are two broad 
peaks at about 711.48 and 724.96 (eV) corresponding 
to Fe 2p 3/2 and Fe 2p 1/2, respectively, (Yamashita 
and Hayes 2008; Xie et al. 2017; Qi et al. 2017; Han 
et  al. 2019). The O 1s XPS spectrum of MNPs Fig. 
S3, the peak positions of the three divided parts are 
531.25 (Fe–O), 531.790 (eV) (C–O–Fe), 532.58 (eV) 
(Fe-OH). The O 1s XPS spectrum of CMNPs Fig. 8 
(c), the peak positions of the three parts divided in are 
530 (Fe–O), 531.21 (eV) (C-O-Fe), 532.65 (eV) (Fe-
OH), and 534.71 (eV) (C–OH/C–O–C), indicating 

the linkage of MNPs with CMC via this C-O-Fe bond 
in CMNPs ( Han et al. 2019). The CMNPs’ C 1s XPS 
spectrum of the CMNPs in Fig. 8d shows three main 
peaks with binding energies of 284.98, 286.73, and 
288.51 (eV). These energies were consistent with the 
C–C/C = C, C-O, and O-C = O configurations, respec-
tively (Han et al. 2019).

Measure of absorptivity of carboxymethyl cellulose

Table  4 shows the values of total energy: adsorp-
tion, rigid adsorption, deformation, and magnetic 
carboxymethyl cellulose for different configurations. 
We display the values for each structure in rows, and 
the different energies in columns. The results show 
that all structures have negative adsorption energies, 

Fig. 5   TEM of a CMC, 
b MNPs and c CMNPs at 
magnification 100, 50 and 
10 (nm)
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indicating their significant ability to absorb certain 
compounds. Furthermore, the strain energy values 
are negative, indicating that the structures are gener-
ally stable, Fig. 9. The carboxymethyl cellulose val-
ues (Table  4.) can determine the magnetic proper-
ties of the structures, potentially leading to practical 
applications.

The results of the adsorption energy evalua-
tions provide insight into the suitability of these 

adsorbent assemblies for various adsorption require-
ments. The negative adsorption energies and defor-
mation energies suggest that these structures have 
the potential to efficiently adsorb substances while 
remaining stable. Furthermore, magnetic carboxy-
methyl cellulose values suggest that these struc-
tures may possess significant magnetic properties. 
To corroborate these results and further explore 
the practical applications of these adsorption struc-
tures, additional experiments and simulations could 

Fig. 6   FT-IR spectra of A 
dried plant extract, B CMC, 
C MNPs, D CMNPs

Fig. 7   XRD diffraction 
profile of CMC, MNPs, and 
CMNPs
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be conducted (Smolin and Zabneva 2023; Canbaz 
2023; Chen et al. 2023).

Antioxidant activity of MNPs and CMNPs

The DPPH method is a comprehensive test to deter-
mine the free radical scavenging ability of plant 
NPs. Due to its simplicity, rapidity, and independ-
ence from sample polarity, this technique is ideal for 
measuring free radical scavenging ability (Salarbashi 
et  al. 2014). The DPPH free radical scavenging 
method was used to measure the antioxidant activity 
of MNPs and CMNPs, which can be seen in Fig. 10 
A–B. The green synthesis of magnetic nanoparticles 
significantly improves the antioxidant properties of 
MNPs and CMNPs, with IC50 values of 176.1 ± 4.0 
and 70.92 ± 3.0 (µg/mL), respectively, compared 
to the standard drug Trolox IC50 = 44.43 ± 2.0 (µg/
mL)—p ≤ 0.0001). Additionally, MNPs capped with 
CMC have higher antioxidant capacity than uncapped 
ones. Figure 10 C-D illustrates the radical scavenging 
ability of MNPs and CMNPs by inhibiting the ABTS 
radical. Both showed activity that varied with dose, 
with IC50 values of 141.3 ± 3.0 and 61.67 ± 2.5 (µg/
mL), respectively, compared to Trolox, which had an 
IC50 of 23.10 ± 1.0 (µg/mL) (p ≤ 0.0001). The anti-
oxidant activity of MNPs and CMNPs’ is related to 
a number of factors. In this case, plant reducing agent 
molecules and CMC molecules are present on their 
reactive surfaces. Transition metal-based NPs are also 
present on the surfaces of MNPs and CMNPs, and 
the particles interact with the free radicals DPPH and 
ABTS (Moteriya and Chanda 2017). We repeated the 
measurements three times and calculated the standard 
deviations.

Anticancer activity of MNPs and CMNPs of C. 
camphora

After biosynthesis of MNPs and capping with car-
boxymethyl cellulose, the anticancer efficacy of 
MNPs and CMNPs against two cancer cell lines was 
investigated. For this reason, several in  vitro tests 
were performed, including an MTT test and an apop-
totic morphological examination. We evaluated the 

Fig. 8   XPS spectra of a- survey spectrum of CMNPs; b- Fe 
2p spectrum of CMNPs; c- 2 O 1 s spectrum of CMNPs; and 
d- C 1 s spectrum of CMNPs

▸
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cytotoxicity of MNPs and CMNPs toward WI-38 
using the in  vitro MTT assay. Figure  11 shows that 
both MNPs and CMNPs exhibited good cell viabil-
ity at all doses tested. Since they were non-toxic, we 
conducted further research on them. Two different 
HEPG-2 and HTC-11) were selected for the in vitro 
evaluation of the anticancer potential of both MNPs 
and CMNPs. The results showed that although both 
MNPs and CMNPs have low cytotoxicity against nor-
mal cells, their specific cytotoxicity against cancer 
cells is much higher (Abd El-Aziz and Farahat 2023). 
Another result is that both MNPs and CMNPs exhibit 
dose-dependent cytotoxicity. As the dose increased, 
fewer cancer cells remained alive. The CMNPs 
were found to be most effective and selective against 

human colon cancer cells: HCT-116 (IC50 = 20 (µg/
mL)) followed by HEPG-2 (IC50 = 33 (µg/mL)).

Morphological changes in HCT 116 colon cancer 
and HepG2 liver cancer cells

Apoptosis induction is one of the best methods for 
treating cancer. It has become increasingly impor-
tant in the development of cancer drugs. AO pen-
etrates the intact membranes of both normal and early 
apoptotic cells and binds to DNA. In normal cells, 
the DNA exhibits uniform green fluorescence, while 
in early apoptotic cells it was colored green and had 
bright green patches in the AO nuclei, while untreated 
control cells fluoresced green due to nuclear fragmen-
tation and chromatin condensation, as seen in Fig. 12. 
Conversely, the color of late apoptotic cells attach-
ing to EB changes from orange to red (Tambe et  al 
2018). This is due to its binding to DNA fragments 
or apoptotic moieties units within late apoptotic cells, 
which resemble viable cells in nuclear morphology. 
We stained HCT 116 and HepG2 cells with AO-EB 
and incubated them with MNPs and CMNPs for 24 h. 
The results shown in Fig. 12 show that HCT 116 and 
HepG2 cells treated with MNPs and CMNPs showed 
orange with red fluorescence and chromatin fragmen-
tation. This indicates that the CMNPs significantly 
induce apoptosis in these cells.

Table 4   In silico simulation of absorptivity of carboxymethyl cellulose

Structures Total energy Adsorption energy Rigid adsorption 
energy

Deformation energy Magnetic carboxym-
ethyl cellulose: dEad/
dNi

Magnetic carboxym-
ethyl cellulose

2.134848e + 003  − 3.496954e + 007  − 8.12331772  − 3.496954e + 007  − 3.496954e + 007
2.136973e + 003  − 3.496954e + 007  − 6.73722945  − 3.496954e + 007  − 3.496954e + 007
2.137376e + 003  − 3.496954e + 007  − 6.09352652  − 3.496954e + 007  − 3.496954e + 007
2.137629e + 003  − 3.496954e + 007  − 6.47141128  − 3.496954e + 007  − 3.496954e + 007
2.137960e + 003  − 3.496954e + 007  − 5.88784746  − 3.496954e + 007  − 3.496954e + 007
2.138303e + 003  − 3.496954e + 007  − 5.18119459  − 3.496954e + 007  − 3.496954e + 007
2.138609e + 003  − 3.496954e + 007  − 5.07344235  − 3.496954e + 007  − 3.496954e + 007
2.139242e + 003  − 3.496954e + 007  − 4.76943780  − 3.496954e + 007  − 3.496954e + 007
2.139892e + 003  − 3.496954e + 007  − 4.16809430  − 3.496954e + 007  − 3.496954e + 007
2.140479e + 003  − 3.496954e + 007  − 2.32254134  − 3.496954e + 007  − 3.496954e + 007

Fig. 9   Magnetic Nanoparticles coated by carboxymethyl cel-
lulose



8742	 Cellulose (2024) 31:8727–8751

Vol:. (1234567890)

In silico mode of action of CMNPs

Molecular docking simulations were performed to 
evaluate the binding interactions and affinity of doxo-
rubicin, uncoated magnetic nanoparticles (MNPs), 
and carboxymethyl cellulose MNPs (CMNPs) toward 
the apoptotic protein targets Bcl-2-associated death 
promoter (BAD), caspase 3, and caspase 9. The 
absorbance values were calculated to predict the cel-
lular uptake potential of MNPs and CMNPs.

Doxorubicin was found to have strong binding 
affinity for all three protein targets, with docking 

values ranging from −4.213 to −5.145 kcal/mol 
(Table 5). The main molecular interactions identified 
were hydrogen bonds and π-cation interactions with 
specific amino acid residues in the active site of the 
proteins (Table 5). This indicates that doxorubicin can 
effectively bind to the apoptotic proteins and exert its 
cytotoxic effect, confirming it as an anticancer thera-
peutic agent. Figure 13.

The absorbance values showed some difference 
between the three proteins for uncoated MNPs com-
pared to MNPs coated with carboxymethyl cellulose 
(Figs.  13–15). For BAD binding, CMNPs showed 

Fig. 10   A and B bar graphs showing the percentages of DPPH 
and ABTS scavenging activity and IC50 significance (C and D) 
for MNPs, CMNPs, and the standard drug Torlox. Non-signif-

icant P > 0.05; significant *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; 
****P ≤ 0.0001
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Fig. 11   MTT cytotoxicity study of MNPs, CMNPs, and doxo-
rubicin (DOX) on normal human lung fibroblasts (WI-38) and 
two cancer cell lines: A Cell viability percentage of WI-38; B 
for HEPG-2 cells; and C for HCT-116 after treatment with dif-
ferent concentrations (6.5 to 100 (µg/mL)) of MNPs, CMNPs, 

and Dox, respectively. Determination of the inhibitory con-
centration responsible for the death of 50 (%) (IC50) D for 
WI-38 cells, E for HEPG-2 cells, and (F) for HCT-116 MNPs, 
CMNPs, and DOX
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an absorbance value of 0.0 (Fig.  14a, while MNPs 
showed a very high value of 1264.399 (Fig. 15a.

The differences in the absorptivity of MNPs can 
be attributed to the different surface properties of the 
protein targets. The CMNPs can preferentially bind 
to the more acidic BAD protein compared to cas-
pases, leading to increased uptake of MNPs alone. 
For caspases, the carboxymethyl cellulose coating 
can induce favorable interactions that increase CMNP 
absorbency. In Figs.  14b and 14c, uncoated MNPs 
showed lower absorbency for caspase 3 and caspase 
9 compared to CMNPs. Specifically, CMNPs had 
an absorbance value of 0.0, while MNPs had higher 
positive values of 735.050 and 1675.174 for caspases 
3 and 9, respectively. Since higher positive absorb-
ance values indicate lower uptake potential, this sug-
gests that CMNPs coated with carboxymethyl cellu-
lose have higher predicted uptake by caspases 3 and 9 
compared to uncoated MNPs. In other words, coating 

the MNPs reduced the positive absorbance values 
closer to 0, indicating improved absorbance for cas-
pase targets.

Conclusions

Based on the results of this study, the biosynthe-
sized NPs derived from the hydroalcoholic extract 
of C. camphora have an SPR peak at 232, 240 nm 
for MNPs and CMNPs, respectively, an average 
mean diameter of 13.20, and 10.77  nm, respec-
tively. for MNPs and CMNPs, respectively, a size of 
10 nm for MNPs and 7 nm for CMNPs, and the NPs 
were spherical; MNPs and CMNPs are crystalline 
in nature. The biosynthesized MNPs and CMNPs 
were found to be effective as anticancer agents and 
antioxidants, and the CMNPs are better than MNPs. 
These results demonstrate that MNPs and CMNPs 

Fig. 12   Effect of doxoru-
bicin, MNPs, and CMNPs 
on the morphological evalu-
ation of two HCT 116 and 
HepG2 cancer cells stained 
with AO/EB dual stain

Cell line Treatments

Untreated cells MNPs CMNPs Doxorubicin

HCT 116

HEPG-2

Table 5   Docking Scores of Doxorubicin and Absorptivity Scores MNPs, CMNPs with BAD (PDB: 7Q16), Caspase 3 (PDB: 3DEI), 
and Caspase 9 (PDB: 2AR9)

Protein PDB Doxorubicin Absorptivity score

Docking score Interaction MNPs CMNPs

1 BAD 7Q16  − 4.213 2H-Glu209 and 1H-Thr 205 1264.399 0.0
2 Caspase 3 3DEI  − 4.664 Glu 124 (Chain C) and Arg 164 (Chain D) Pi-Cat 735.050 0.0
3 Caspase 9 2AR9  − 5.145 1H-Asp 369 (Chain B), 1H-Glu 372 (Chain B), 2H-Gln 372 

(Chain B), 1H-Trp 374 (Chain B), 2H-Phe 351 (Chain D), and 
1H-Ile 396 (Chain D), and form Pi-Cat Lys 398 (Chain D)

1675.174 0.0
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Fig. 13   Docking scores of Doxorubicin with a BAD, b Caspase 3 and c Caspase 9
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are effective in a variety of pharmaceutical, bio-
technological, and biomedical applications. Low 
production cost, availability of raw materials, envi-
ronmentally friendly production methods and cyto-
toxic studies showed that MNPs and CMNPs inhib-
ited the growth of HEPG-2, HCT-116, and WI-38. 
The antioxidant properties of MNPs and CMNPs 
were demonstrated, with IC50 values of 176.1 ± 4.0 
and 70.92 ± 3.0 (µg/mL) for DPPH and IC50 values 

of 141.3 ± 3.0 and 61.67 ± 2.5 (µg/mL) for ABTS, 
respectively.
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