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The design of a single nanosystem with multifunctional surface properties via selecting the appropriate materials and 

synthesis methods was shown to be crucial in the development of drug delivery systems. In this work, modified magnetic 

nanocarriers have been successfully constructed using carboxymethylcellulose as the stabilization agents through a facile 

one-step hydrothermal method. The modified magnetic nanocarriers exhibited high magnetic saturation of 54.6 emu g
-1

 

and excellent biocompatibility which was detected by a standard MTT cell assay with L929 cell lines; the nanomaterials 

proved reusable for drug delivery. Subsequently, doxorubicin (DOX) were loaded onto the surface of the nanocarriers and  

a high loading efficiency of 92.5% was attained. The results from the release characteristics of the DOX-loaded 

nanocarriers demonstrated that these modified magnetic nanocarriers were highly stable at neutral pH (blood plasma) 

and strongly pH-responsive for drug delivery in an acid environment (tumor tissue). The as-prepared multi-functional 

nanocarriers showed promising potential as drug carriers to improve the therapeutic efficacy of drug. 

Introduction 

Chemotherapy is commonly applied for human cancer 

treatment via using cytotoxic anti-cancer drugs; however, the 

major limitations of the method are side-effects of anti-cancer 

drugs for normal cells and low tumor targeting, such as 5 

insufficient cellular drug uptake or local drug concentration.1-4 

To address these side-effects, various drug delivery systems 

have been developed for the experimental and clinical delivery 

of therapeutic and diagnostic agents.5-11 Recently, 

multifunctional carriers based on nanotechnology have drawn 10 

significant attention as promising candidates for tumor-

targeting drug delivery applications.12-16 In particular, magnetic 

nanoparticles have been provided unparalleled opportunity for 

drug delivery carriers because of their merits, such as superior 

magnetic properties, biocompatibility, biodegradation, chemical 15 

stability and low toxicity.17-20 To further achieve high 

accumulation and selectivity at the tumor site, organic-

inorganic hybrid nanomaterials have aroused extensive interest 

as a class of promising candidates in the drug delivery 

systems.21 For magnetic nanoparticles, selecting appropriate 20 

organic materials as surface coatings is particularly crucial for 

their successful application in vivo.22-24 The existence of 

organic materials offers a strategy to modify the nanoparticles 

surface charge and chemical functionality for targeting 

therapeutic; at the same time, the introduction of organic 25 

materials can also inhibit the agglomeration and prolong their 

blood circulation time as stabilizing agents. 

Among organic materials, natural polymer materials have 

been widely used in diverse areas for their superior properties 

such as hydrophilicity, nontoxicity, biocompatibility and 30 

biodegradability.25, 26 Carboxymethylcellulose (CMC) has 

become a well-known natural polymer material because of its 

unique physical and mechanical properties; in addition, the 

CMC molecules possess opposite electric charges and react 

strongly with some molecules due to the presence of 35 

carboxymethyl groups.27-29 The nanocarriers are composed of 

magnetic nanoparticles modified with CMC have been 

successfully fabricated by various synthetic methods. Sahiner et 

al. reported magnetic carboxymethylcellulose particles via 

combining micro-emulsion polymerization with co-40 

precipitation for drug delivery systems.30 Sakthikumar et al. 

synthesized of carboxymethyl cellulose magnetic nanoparticles 

by two-step ionic cross-linking and in situ precipitation.31 

Barbucci et al. fabricated hybrid magnetic 

carboxymethylcellulose hydrogels for controlled doxorubicin 45 

release via cross-linking method.32 Pilapong et al. designed 

carboxymethyl magnetic nanoparticles (CMC-MNPs) as a 

vehicle for drug delivery via modified chemical precipitation 

method.33 Li et al. reported on the synthesis of the novel Fe3O4-

carboxymethyl cellulose-5-fluorouracil (Fe3O4-CMC-5FU) 50 

nanomedicine by chemically bonding.34 However, these 

approaches were of a general nature and not focused on the as-

synthesized materials with narrow size distribution spherical 

and high magnetic moments; the processes were complex and 

required precision control. The performance in biological 55 
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applications was thus limited. Therefore, the development of a 

facile and economical synthetic method for producing the 

multi-functional magnetic carboxymethylcellulose 

nanomaterials would benefit their biomedical application. 

In this study, we simplified the synthetic procedure of multi-5 

functional magnetic carboxymethylcellulose (Fe3O4-CMC) 

nanomaterials which are composed of magnetic nanoparticles 

with abundant carboxyl groups on the interface by a facile one-

step hydrothermal method. The as-prepared nanocarriers 

exhibited excellent spherical shape and strong magnetic 10 

responsiveness, in comparison with other methods.32, 33 The 

biocompatibility of Fe3O4-CMC nanocarriers was detected by a 

standard MTT cell assay with L929 cell lines. Consequently, 

we investigated the performance of the nanomaterials as drug 

delivery carriers via loading DOX molecules. The Fe3O4-CMC 15 

nanocarriers can be easily conjugated with DOX molecules via 

electrostatic interaction due to the carboxyl groups on the 

surface which lead to high drug loading efficiency. Meanwhile, 

the release properties of DOX-loaded nanocarriers exhibited 

excellent pH-responsive drug delivery to overcome the side-20 

effects of DOX, such as instability at physiological pH and high 

cytotoxicity towards normal human cells. 

Experimental 

Materials 

Carboxymethyl cellulose (CMC) was purchased from Tianjin 25 

Kermel Chemical Reagent Co., Ltd., China. Ferric chloride 

hexahydrate (FeCl3·6H2O), ammonium acetate (NH4Ac) and 

ethylene glycol in this work were purchased from Sinopharm 

Chemical Reagent Co., Ltd, China. All chemicals were used 

without further purification. 30 

Synthesis of Fe3O4-CMC nanocarriers 

The magnetic nanocarriers were synthesized by a simple 

modified solvothermal reaction method: 0.675 g FeCl3·6H2O 

(2.5 mmol) as a precursor was dissolved in 35mL ethylene 

glycol by stirring, followed by the addition of 1.925 g NH4Ac 35 

(25 mmol). CMC with different composition ratios were added 

into the light brown suspension under continuous stirring to 

form a homogeneous solution. Subsequently, the solution was 

transferred and sealed in a Teflon-lined stainless-steel autoclave 

(50 mL capacity) after stirring vigorously for 30 min. The 40 

autoclave was maintained at 200 ℃ for 12 h, and cooled to 

room temperature naturally. The black precipitate was collected 

by magnetic separation and washed with deionized water and 

absolute ethanol several times to effectively remove the solvent 

before being dried in a vacuum at 60 ℃ for 24 h. 45 

Characterization 

The morphology and structure of the nanocarriers were 

characterized by a field emission scanning electron microscope 

(SEM, Hitachi S4800) and transmission electron microscope 

(TEM, JEOL, JEM-2010). The size distribution of nanocarriers 50 

was determined by Nano Particle Size and Zeta potential 

analyzer (Malvern, Zetasizer Nano ZS90). The X-ray 

diffraction (XRD) patterns were taken in a Rigaku D/max-IIIB 

diffractometer (Tokyo) using nickel-filtered Cu Kα radiation at 

40 kV, 150 mA. X-ray photoelectron spectroscopy (XPS) 55 

measurements were performed using a PHI 5700 ESCA 

spectrometer with Al KR radiation (hν= 1486.6 eV). Fourier-

transform infrared (FTIR) spectra of the nanocarriers were 

recorded to analyze the surface characteristics of the 

nanocarriers via an AVATAR 360 FTIR spectrophotometer in 60 

the 400–4000 cm−1 region by using the KBr-disk method. The 

magnetic properties of the nanocarriers were measured via 

vibrating sample magnetometry (VSM JDM-13) at room 

temperature. Thermogravimetric Analysis (TGA) was 

performed on a NetzschSTA409 thermoanalyzer (Shimadzu 65 

Co.) from room temperature to 800 °C with a heating rate of 10 

°C min-1 under a nitrogen atmosphere. The DOX concentration 

was carried out by UV–Vis (Shimadzu UV 1700) 

spectrophotometer. 

Cells Cytotoxicity of Fe3O4-CMC nanocarriers 70 

Typically, a MTT cell assay was performed to determine cell 

viability of the nanocarriers with the Vero cell line. L929 

fibroblast cells were seeded onto 96-well plates with a density 

of 5000-6000 cells per well and incubated in DMEM medium 

(0.1 mL) for 24 h to enable attachment of the cells to wells with 75 

5% CO2 at 37 °C. The naked Fe3O4 and Fe3O4-CMC 

nanocarriers were sterilized by ultraviolet irradiation for 2 h 

and added to the culture wells at different concentrations of 

3.125, 6.25, 12.5, 25 and 50 µg mL-1; meanwhile, the culture 

wells without nanocarriers as the control groups. Then the 80 

solutions incubated for another 24 h at 37 °C with 5% CO2. A 

total of 20 µL of MTT solution (5 mg/mL was prepared by 

PBS) was added to each well which contained different 

amounts of nanocarriers. Subsequently, the plate was incubated 

for another 4 h and covered with aluminium foil for protection 85 

from light at 37 °C. In this period, viable cells facilitated a 

reduction of MTT to formazan, which can be dissolved by 

dimethyl sulfoxide (DMSO). After incubation, 100 µL of 

DMSO solution was added to each well and placed on a 

shaking table for 5 min at 150 rpm to blend the formazan and 90 

solvent completely. The absorbance was measured by a 

microplate reader at 490 nm. Averages and standard deviations 

were performed in triplicate. The cell viability was calculated 

using the following equation:  

Cell	viability	(%) 	= 	
�test

�control

× 100               (1) 95 

where Atest is the average cell viability after adding the as-

prepared nanocarriers; Acontrol is the cell viability for the control 

experiment without nanocarriers. 

Doxorubicin Loading and Release Test 

Doxorubicin (DOX) was employed as a model drug. For DOX 100 

loading, the magnetic nanocarriers (30 mg) were dispersed into 

phosphate buffered saline (PBS) solution (5 mL) via 

ultrasound, and DOX (2 mg) was added into the solution. The 

mixture was slowly shaken for 24 h with an oscillator to 

facilitate the loading of DOX molecules. The as-synthesized 105 
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solution was centrifugally separated at 6000 rpm for 4 min; 

meanwhile, the fresh PBS solution with a constant volume (5 

mL) was replenished in the centrifugal tube and washed several 

times until the supernatant solutions kept colorless. Then the 

supernatant solutions were collected and kept for UV−vis 5 

analysis.  

The loading capacity (MLC) and efficiency (LE%) were 

calculated using the following equation: 

MLC=
MOD-∑MRD

MS

                                (2) 

LE(%)=
MOD-MRD

MOD

× 100                         (3) 10 

where MOD is the original DOX mass, MRD is the residual DOX 

mass in the supernatant solutions and MS is the nanocarriers 

mass. 

A fresh PBS solution (5 mL) was replenished in the 

centrifugal tube and kept shaken at 37 °C and 150 rpm with an 15 

oscillator. At a definite time interval, the tube was centrifuged 

at 6,000 rpm for 4 minutes and supernatant was stored at 4°C in 

the dark. The fresh PBS was replenished and kept a constant 

volume. PBS solutions were directly prepared with the pH 

value of 5.0 and 7.4, respectively. The release efficiency of 20 

DOX-Loaded nanocarriers was determined using UV–Vis 

spectrophotometer. 

Results and discussion 

Synthesis and characterization of Fe3O4-CMC nanocarriers 

The detailed strategy for constructing Fe3O4-CMC 25 

nanomaterials and applying for drug carrier is described in the 

experimental part and schematically summarized in Scheme 1. 

The magnetic nanomaterials were prepared via hydrolysis and 

reduction of iron (III) chloride hexahydrate in ethylene glycol 

at high temperature; in addition, CMC as the stabilizing agents 30 

modified the nanomaterials surface charge and chemical 

functionality. In the process of loading and releasing drugs, the 

drug molecules can be easily attached onto the surface of 

nanomaterials through electrostatic interaction and hydrogen 

bonding, which can facilitate drug loading efficiency. 35 

Moreover, the drug-loaded nanocarriers could be targeted to the 

specific area under the application of an external magnetic field 

to  

 

Scheme 1 Schematic for the formation mechanism of Fe3O4-CMC nanocarriers and 40 

subsequent loading and release of drugs in external pH system.   

 

Fig. 1 SEM images of the naked Fe3O4 (a) and Fe3O4-CMC nanocarriers with different 

composition ratios (Fe
3+

: CMC) 2: 1 (b); 1: 1(c); 1: 2 (d). 

improve drug release efficiency. To investigate the effect of 45 

composition ratios, the SEM images of Fe3O4-CMC 

nanocarriers with different amounts of CMC are shown in Fig. 

1. Compared with naked Fe3O4 (Fig. 1a), the Fe3O4-CMC 

nanocarriers became smaller and kept uniformly spherical when 

the weight ratio of Fe3+: CMC was 2:1(Fig. 1b); however, the 50 

nanocarriers appeared spontaneously aggregate with increasing 

the weight ratio of Fe3+: CMC from 1:1 to 1:2 (Fig. 1c and d) 

due to the crosslinking behaviour of CMC. The results suggest 

that the optimal composition ratio of Fe3+: CMC is 2:1.  

From a further investigation of the morphology of Fe3O4-55 

CMC nanocarriers, Fig. 2 shows SEM and TEM images of 

different magnification for both naked Fe3O4 without CMC and  

 

Fig. 2 SEM images of the naked Fe3O4 (a, c) and Fe3O4-CMC nanocarriers (b, d) with the 

optimum composition ratio; TEM images of the naked Fe3O4 (e) and Fe3O4-CMC 60 

nanocarriers (f) with the optimum composition ratio. 

Page 3 of 9 New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

 

 

 

Fig. 3 Particle size distribution of Fe3O4-CMC nanocarriers with the optimum 

composition ratio. 

Fe3O4-CMC nanocarriers with the optimum composition ratio. 

In contrast, the modified nanocarriers maintain an excellent 5 

spherical shape and exhibit a rough surface to facilitate the 

attachment of drug molecules onto the surface (Fig. 2b and d). 

Additionally, the key role of CMC in the formation of 

nanocarriers is demonstrated by TEM images. The hollow 

structure of naked Fe3O4 spheres is observed clearly in Fig. 2e, 10 

mainly due to thermal decomposition of NH4Ac. The release of 

NH3 bubbles along with the system’s tendency to minimize 

interfacial energies, drives the self-assembly of the initial 

nanoparticles and the NH3 bubbles are entrapped within 

nanocarriers.35 We further observe from Fig. 2f, the Fe3O4-15 

CMC nanocarriers become smaller and clearly composed of 

many small nanoparticles. This is due to the addition of CMC 

which expel the trapped NH3 bubbles in the magnetic 

nanocrystals, which stabilize the formation of magnetic 

nanocrystals in the reaction. As shown in the insets of Fig. 2e 20 

and f, instead of a hollow structure, a rough and loose structural 

change becomes more distinct. Subsequently, the average 

diameter and size distribution of nanocarriers were also 

measured (Fig. 3). The average diameter size of Fe3O4-CMC  

 25 

Fig. 4 FTIR spectra of nake Fe3O4; pure CMC and Fe3O4-CMC nanocarriers with the 

optimum composition ratio. 

 

Fig. 5 XRD patterns (A) of the naked Fe3O4 and Fe3O4-CMC nanocarriers, and XPS 

spectrum (B) of Fe3O4-CMC nanocarriers with the optimum composition ratio. 30 

nanocarriers is 147 nm and the polydispersity index is 0.154, 

which confirm the narrow size distribution of nanocarriers and 

fit well with SEM and TEM images. The result confirms that 

the rough-surfaced Fe3O4-CMC nanocarriers have been 

fabricated successfully and also indicates that the formed 35 

nanocarriers correspond to an ideal size for drug delivery 

applications.  

The FTIR spectra of naked Fe3O4, pure CMC and Fe3O4-

CMC nanocarriers are illustrated in Fig. 4, confirming the 

functional groups of as-synthesized nanocarriers. Compared 40 

with the spectrum of pure CMC, the nanocarriers demonstrate 

the existence of the hydroxyl, methyl and carboxyl groups: the 

–OH stretch is manifested through the peak of 3425 cm−1; the 

characteristic absorption bands at 2925 cm-1 and 2853 cm-1 are 

related to stretching of C-H bonds in CH2 groups; peaks at 1610  45 

cm−1 and 1421 cm−1 are attributed to the -COO- symmetric 

stretch, respectively, corresponding to CMC structure.36 From a 

comparison of the naked Fe3O4, the new peak at around 598 

cm−1 for Fe3O4-CMC nanocarriers is assigned to the 

characteristic absorption peak of Fe3O4. The spectra confirm 50 

that nanocarriers are successfully modified by CMC. The XRD 

spectra display a clear crystalline pattern to examine the effect 

of CMC on the crystal structure of synthesized nanocarriers in 

Fig. 5A. The six peaks (220) (311) (400) (422) (511) and (440) 

for naked Fe3O4 correspond to the peaks of pure Fe3O4 with 55 
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face-centred cubic structure (JCPDS Card No. 76‐1849).37 

The diffraction peaks intensity of Fe3O4-CMC nanocarriers 

becomes weaker than its corresponding naked Fe3O4 due to the 

introduction of CMC; however, the peak positions of Fe3O4-

CMC nanocarriers still match with the naked Fe3O4. Moreover, 5 

as seen in Fig. 5B, the XPS spectra exhibit peaks at 710.7 and 

724 eV which are the characteristic peaks of Fe2p
3/2 and Fe2p

1/2 

oxidation states, it gives further proof for the components of 

Fe3O4 nanoparticles.38 The results are consistent with the above 

TEM images and suggest that the addition of CMC do not 10 

change the crystal structure of Fe3O4. 

Magnetization properties of as-synthesized samples are 

necessary for its practical application. The magnetic hysteresis 

curves (Fig. 6) of both samples were measured at 37 °C and 

demonstrated that they are without remnant magnetization or 15 

coercivity, indicating that both samples are superparamagnetic 

at room temperature, which is characteristic of Fe3O4 

nanoparticles.39 It shows that the nanocarriers are composed of 

small magnetic nanoparticles, being consistent with the above 

TEM images and XRD characterization. The saturation 20 

magnetization values is 62.1 emu g-1 for naked Fe3O4 and 

decreases to 54.6 emu g-1 for Fe3O4-CMC nanocarriers, which 

indirectly confirms the presence of polymer and further 

provides evidence for successful surface modification of 

nanocarriers with CMC. The separation and redispersion of 25 

nanocarriers were also investigated (inset of Fig. 6). Clearly, all 

nanocarriers are attracted to the sidewall by applying an 

external magnet within 30s and redispersed quickly with slight 

shaking when the magnet is moved. It not only shows as-

prepared nanocarriers possess strong and rapid magnetic 30 

responsiveness, but also proves that magnetic nanocarriers can 

be adapted for practical bioapplications. Additionally, the fact 

of CMC anchored onto the nanocarriers is also confirmed by 

TGA curves in Fig. 7. The TG curves of the naked Fe3O4, pure 

CMC and Fe3O4-CMC nanocarriers are illustrated for 35 

comparative data. The weight loss of naked Fe3O4 (7.4 wt. %) is 

mainly attributed to the removal of adsorbed water molecules 

and decomposition of organic matter introduced during the 

 

Fig. 6 Magnetic hysteresis curves of the as-prepared naked Fe3O4 (i) Fe3O4-CMC 40 

nanocarriers (ii) with the optimum composition ratio. The inset shows photographs of 

in aqueous solution. 

 

Fig. 7 TG curves of pure CMC; naked Fe3O4 and Fe3O4-CMC nanocarriers with the 

optimum composition ratio. 45 

hydrothermal process.40 On the other hand, for pure CMC, the 

initial weight loss (13.4 wt. %) is associated with loss of water 

before 250°C for the hydrophilic CMC, and then a significant 

weight loss occurred around 250 °C due to the decomposition 

of CMC.41 Therefore, for Fe3O4-CMC nanocarriers, the initial 50 

weight loss (3.8 wt. %) at 30 – 250 °C is obtained due to the 

 

Fig. 8 Cell viabilities of naked Fe3O4 (A) and Fe3O4-CMC nanocarriers (B) with the 

optimum composition ratio to L929 cells measured by MTT assay. 

Page 5 of 9 New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

 

 

evaporation of the different types of absorbed water molecules. 

Then the significant weight loss (25.7 wt. %) is mainly 

attributed to other organic matter introduced during the 

hydrothermal process and the decomposition of CMC which is 

successfully attached to the surface of the Fe3O4 nanoparticles. 5 

The results also explained that the magnetite content decreases 

with the addition of polymer and coherent with the above-

mentioned discussion on VSM analyses. 

In vitro cytotoxicity of Fe3O4-CMC nanocarriers 

The cell viability of the nanomaterials is an important 10 

prerequisite and crucial factor for the actual application as a 

potential carrier in biomedical fields. Only nontoxic carriers are 

suitable for drug delivery. It has been reported that the 

magnetic materials exhibit no or low cytotoxicity in vivo.17, 42 

The as-prepared naked Fe3O4 and Fe3O4-CMC nanocarriers 15 

were incubated with L929 cell line and a standard MTT cell 

assay was used for the study (Fig. 8). As seen in Fig 8A, the 

cell viability is decreased to 92.1% with after 24 h treatment 

within the high-dosage concentrations of naked Fe3O4 (50 µg 

mL-1); however, cell viability maintain more than 100% for the 20 

Fe3O4-CMC nanocarriers, indicated that the nanomaterials are 

nontoxic and the addition of CMC can decrease cytotoxicity to 

live cells. Therefore, the Fe3O4-CMC nanocarriers can 

potentially be applied as drug carriers for biological 

applications. 25 

DOX release property of Fe3O4-CMC nanocarriers 

DOX as a well-known anticancer drug is difficult to load from 

an aqueous medium due to the high water solubility.43, 44 

Recently, there are various studies to improve the DOX loading 

efficiency by cooperation of DOX with anionic polymers.45, 46 30 

Herein, DOX was selected to study drug storage and release 

properties of the Fe3O4-CMC nanomaterials as a potential 

candidate of drug carriers. During the loading and release 

process, the DOX molecules are attached onto the surface of 

nanomaterials through electrostatic interaction and hydrogen 35 

bonding and liberated by a diffusion-controlled mechanism. 

The carboxyl groups on the surface of nanocarriers are most 

likely the reactive sites that form hydrogen bonds with the 

DOX when it is attached with the surface. To further clarify the 

formation of the drug-loaded nanocarriers, the DOX-loaded 40 

nanocarriers were characterized by UV–vis spectroscopy in Fig 

9A, compared with the results observed in bare Fe3O4-CMC 

nanocarriers and free DOX. As for DOX-loaded nanocarriers, 

there is a clear difference between the absorbance of the free 

DOX and bare nanocarriers. In addition, the drug loading 45 

capacity and efficiency were determined to be 61.7 mg g-1 and 

92.5%, respectively. The loading efficiency is mostly attributed 

to electrostatic interaction and hydrogen bonding between the 

drug molecules and the nanocarriers, indicating further that the 

DOX molecules are loaded effectively onto the Fe3O4-CMC 50 

nanocarriers.  

In addition, the cumulative drug release profiles of DOX-

loaded nanocarriers are depicted in Fig. 9B. Here, pH values of 

7.4 and 5.0 were selected to study the release properties, which  

 55 

Fig. 9 Absorbance spectra (A) of bare Fe3O4-CMC nanocarriers (i), DOX-loaded 

nanocarriers (ii) and free DOX (iii), the inset shows related photographs of the 

supernatant solutions; Release profiles for DOX-loaded nanocarriers (B) with the 

optimum composition ratio at pH values 7.4 and 5.0. 

were chosen as the biological blood environment and 60 

intracellular endosomal/lysosomal acidic environments inside a 

cancer cell, respectively. It is clearly observed the burst and 

sustained release steps from the release profiles. Surprisingly, 

the as-prepared DOX-loaded nanocarriers show an initial burst 

(18.8%) for 2 h due to the part of drug was absorbed onto the 65 

surface of nanocarriers and a sustained cumulative release 

(34.3%) followed up to 48 h in the physiological environment 

(pH =7.4), indicating that the stability of DOX-loaded 

nanocarriers does not significantly change during 48h. This is 

attributed to the interactions between the drug molecules and 70 

nanocarriers to restrict the release of DOX into aqueous 

medium. In addition, the DOX-loaded nanocarriers show a 

more rapid release (40.7%) for 2 h at pH 5.0 in comparison to 

the release at pH 7.4. After 48 h, the DOX sustained cumulative 

release as high as 87.3% via decreased the interactions between 75 

the drug molecules and nanocarriers, due to the carboxyl groups 

are mostly protonated and the solubility of DOX is increased in 

a more acidic environment.47 The pH-responsive phenomenon 

is benefit for drug delivery due to the acidic extracellular and 

intracellular environments of tumors, which can accelerate drug 80 

release and offer sufficient cellular drug uptake or local drug 

concentration. Therefore, the data clearly support the use of 
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nanomaterials as promising smart carriers because it facilitates 

good stability of electrostatically bounding drug molecules in a 

normal physiological environment (normal tissue) and triggers 

release in a weakly acidic environment (solid tumors tissue). 

Moreover, the nanocarriers are helpful for selective targeting by 5 

an external magnetic field and enhancing the cell cytotoxicity 

of tumor cells. The nanomaterials, as an efficient 

multifunctional responsive delivery system, can greatly 

improve the therapeutic efficacy of drug. 

Conclusions 10 

In summary, the magnetic carboxymethylcellulose nanocarriers 

with dual responses were successfully synthesized via a facile 

one-step solvothermal method. The as-obtained nanocarriers 

show strong magnetic responsiveness and excellent spherical 

shape. In particular, there are abundant carboxyl groups on the 15 

surface of nanocarriers to which the doxorubicin molecules 

attach and show a high loading capacity and efficiency for 

bioapplication. The release profiles exhibit a remarkable pH-

responsive of the nanocarriers, which maintain stability in 

blood circulation and sustained release drug at tumors tissue 20 

microenvironment, thus enhancing the therapeutic efficacy of 

the drug. We suggest that the as-prepared multifunctional 

nanomaterial is potentially promising in the drug release field. 
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The multi-functional magnetic carboxymethylcellulose nanocarriers were successfully synthesized 

via a facile solvothermal method. 
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