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The use of core-shell nanoparticles as controlled drug delivery vehicles has 
proven successful, yet their production and application require costly and 
toxic chemicals. We hereby use a natural glycosylated flavonoid (rutin) 
for synthesis of a nanocarrier for doxorubicin delivery. For this target, 
a convenient two-step synthesis was processed including a synthesis of 
bio-zinc ferrite nanoparticles without N2 gas and chitosan coating (CS; 
bio-zincferrite@chitosan). The as-synthesized magnetic nanogel was 
characterized using scanning electron microscopy (SEM), transmission 
electron microscopy (TEM), Fourier transformed infrared (FT-IR) 
spectroscopy, and electro-analytical methods including cyclic voltammetry 
and electrochemical impedance spectroscopies. The collapse/swell potential 
of the coated CS layers of the bio-NPs were found to be responsible for 
the observed pH dependence of doxorubicin delivery. Results exhibited 
the drug release of bio-nanogel can be induced at pH ranging from 6 to 
7. Therefore, capacity and efficiency parameters of the anti-cancer drug 
onto the NPs were obtained as equal to 43.5% and 78.6%. The present work 
provides a simple method to fabricate smart pH-responsive nanogel for 
cancer therapy.

INTRODUCTION
In recent decades, green synthesis of nanopar-

ticles using plant extract is a new, inexpensive, 
and environmentally friendly method. The size 
and structure of the NPs could easily manipulat-
ed by using different concentrations and reaction 
conditions including light, temperature, pH, etc. 
[1, 2]. Synthesized iron oxide NPs by either plant 

extracts or small molecules are depending on the 
plant type, which influences the biological, physi-
cal, and chemical properties. Associated with the 
diverse biological applications, this has interest-
ingly encouraged the researchers to follow up the 
new resources like plant species [3]. The import-
ant process in the synthesis of zinc ferrite NPs is 
being low cost and high efficiency for large-scale 
industrial production. The magnetic and biological 
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properties of Fe3O4 can be fluctuated by stoichio-
metric and crystalline structure. Most important 
factor affecting the magnetization and stability of 
the magnetic property of iron magnet NPs is the 
replacement of other metal cations within the iron 
magnet structure [4, 5]. Another advantage of us-
ing magnetic NPs as drug carriers over traditional 
chemotherapy is that NPs penetration and further 
accumulation in the anywhere of body can be 
potentially guaranteed the treatment of all types 
of tumors by specific drug delivery in the body, 
causing the reduction of undesirable side effects. 
Likewise, these nanoparticle beads will be ideal 
for using in molecular biology and nano-medical 
applications because of some important attitudes 
such as physicochemical properties, size, man-
ageable form, colloidal stability and spontaneous 
bio-degradation [6]. Addition of metals such as 
Zinc, Cobalt, Platinum, Nickel, and Manganese to 
magnetite, results in changes in magnetization. 
Recent studies have shown that small amounts of 
zinc substitution can increase the saturation mag-
net. To this respect, the use of zinc ferrite magne-
tite leads to easy control of magnetic properties 
when compared to Fe3O4 [7, 8]. Ferrite magne-
tites can be functionalized with polymer coatings 
thereby, the levels of responsiveness is enhanced. 
In addition to increasing the number of active 
agent groups on the surface, it practically provides 
a matrix, which is sensitive to pH, temperature, 
light, etc. Chitosan, for instance, a multifunction-
al natural polysaccharide composed of chitin unit 
bearing -OH and -NH2 groups, shows desirable 
efficiency in the removal of Azo dyes. Moreover, 
smart polymers can modify the magnetite ferrite 
structures, a proven ability to overcome against 

multidrug-resistance on drug-resistance cancer [9-
12]. The amino functionality binds to a metal oxide 
either by adsorption or covalent bonding. There-
fore, the chitosan amine residue can be exploited 
for derivatization with biomolecules, drugs and 
metals [13, 14].

The main objective of the present study was 
the synthesis of chitosan-coated ZnFe2O4 NPs us-
ing a flavonoidal precursor, rutin, isolated from 
Ruta graveolens L. leaves (Fig. 1) together with the 
efficiency of doxorubicin and siRNA delivery. For 
the characterization, we used several techniques 
including ultraviolet–visible (UV–Vis) absorption 
spectroscopy, transmission electron microscopy 
(TEM), scanning electron microscopy (SEM), en-
ergy-dispersive X-ray spectroscopy (EDS), X-ray 
diffraction (XRD), vibrating sample magnetometer 
(VSM), Fourier transform infrared (FT-IR) spectros-
copy, and thermogravimetric analysis (TGA).

MATERIAL AND METHODS
Material and instruments

All organic solvents including n-hexane, chlo-
roform (CHCl3), ethyl acetate (EtOAc), acetone, 
methanol (MeOH), were commercially purchased 
and applied without any further purification. 
Doxorubicin hydrochloride was purchased from 
Cayman chemical (Ann Arbor, MI,. USA), Chitosan 
low molecular weight; CAS number: 9012-76-4, 
[Zn(CH3COO)2].2H2O, FeCl3.6H2O, and FeCl2.4H2O 
were purchased from Sigma-Aldrich. 

Plant material, extraction and isolation
The leaves of R. graveolens L. were collected 

from botanical garden of University of Tabriz, Iran 
in 2018. A voucher specimen (No. 2874) was de-
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Fig. 1. Chemical structure of rutin isolated form the Ruta graveolens L. leaves.
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posited in the herbarium of the University of Shiraz 
(Shiraz, Iran). The air-dried and powdered leaves of 
R. graveolens (300 g) was extracted with 3 L of 80% 
methanol (3 × 1 L) by ultra-sonication for 1 hour. 
The extract was carefully filtered through Whatman 
filter paper and lyophilized on a rotary evaporator 
before being redissolved in 500 mL distilled water 
and defatted with 500 mL n-hexane in a separation 
funnel. In order to eliminate the semi-polar com-
pounds, the aqueous layer was then fractionated 
with chloroform. After careful partitioning, the wa-
ter-soluble portion was stored in refrigerator for 72 
hours; a yellowish precipitate separated out of the 
solution. The afforded precipitate was washed suc-
cessively with chloroform, ethyl acetate, acetone 
and methanol. The remained material was evapo-
rated under reduced pressure using rotary evapora-
tor to dryness to yield 1.376 g yellow powder (rutin 
also called as rutoside).

Identification of isolated rutin
To determine whether rutin have been puri-

fied, filtered yellow powder was compared with 
standard rutin using analytical HPLC equipped 
by column (Lichrosphere-100, RP C-18, 250 × 4.6 
mm ID, 5 µm with precolumn) and mobile phase 
of acetonitrile:water (60:40 ratio) with a flow rate 
of 1 mL.min-1 and detected at 284 nm [15]. After-
wards, its structure was confirmed using NMR ex-
periment (1H- & 13C-NMR data) compared with the 
previous published literature [16].

Synthesis of Zinc ferrite nanoparticles using rutin
Zinc ferrite NPs were synthesized by co-pre-

cipitation method reported by Hafez Ghoran et al. 
[17]. First 1.3 g of FeCl2.4H2O, 5.4 g of FeCl3.6H2O, 
and 0.8 g [Zn(CH3COO)2].2H2O were dissolved in 30 
mL deionized water with vigorous stirring. Then, 
as reductive precursor, 70 mL of rutin (C27H30O16; 
0.1 mM concentration; pH=11), heated at 65°C, 
was quickly added into the mixture and magneti-
cally stirred. In order to reach the pH of 9, the 25% 
solution of NH3 was gradually added for 2 hours 
and temperature was maintained at 65°C. The 
mixture turned into a dark brown color, indicating 
the ferrite formation and allowed to cool down at 
room temperature. Washing was carried out to re-
move chloride ions impurities with distilled water 
and acetone, respectively. As-synthesized zinc fer-
rite nanoparticles were washed several times and 
then left in an electric oven for 48 hours at 55°C to 
eliminate water.

Coating the nanoparticles with Chitosan
Briefly, 0.5 g of synthesized zinc ferrite 

nanoparticles was added into the 50 mL solution 
of acetic acid (1%) which is containing 0.12 g of 
chitosan and magnetically stirred. Thereafter, 100 
µL of (3-Aminopropyl)triethoxysilane (APTES) was 
added to the mixture in order to increase the reac-
tions’ pH followed by using 50 mL of 1 molar solu-
tion of Sodium Hydroxide. The reaction was stayed 
for 4 hours at 50°C and then heating was turned 
off for 24 hours in order to obtain the better cross-
link. Finally, the coated nanoparticles were filtered 
and washed several times with distilled water and 
dried in an overnight [18].

In vitro Doxorubicin loading/release
In order to investigate the drug loading/re-

lease, doxorubicin (DOX) was selected as a model 
drug and loaded on ZnFe2O4 NPs [19]. Solutions of 
different concentrations of doxorubicin were pre-
pared in PBS buffer. The pH values of the solutions 
were adjusted to 7.4, 6.4 and 5.2, respectively, 
using HCl. The electrochemical cell consisted of 
glassy-carbon working electrode, a Pt wire count-
er electrode, and an Ag/AgCl reference electrode. 
The electrochemical measurements were carried 
out in the acetate buffer at pH 5.2 and the square-
wave voltammograms were recorded between 
-0.2 V and -0.8 V.

Doxorubicin Loading 
50 mg of chitosan-coated ZnFe2O4 NPs was 

added to an aqueous solution of DOX (50 mL, 1.0 
mg mL−1) at 37 °C in the dark and stirred for 24 h. 
Then, the obtained DOX-loaded ZnFe2O4-chitosan 
was collected and rinsed with PBS to remove the 
surface physisorbed DOX molecules. The super-
natant liquid was used for loading content calcu-
lating. The obtained precipitate was isolated for 
releasing experiment.

Doxorubicin Release
To explore the pH-dependent release of DOX 

from the chitosan-coated ZnFe2O4 NPs and simu-
late the physiological conditions of tumor cells and 
healthy body fluids, two PBS solutions with two 
different pH values, i.e. 6.4 and 7.4, respectively, 
were prepared. The DOX-loaded ZnFe2O4-chitosan 
was added to a PBS buffer at pHs, 7.4, 6.4, and 5.2. 
The concentration of free doxorubicin released 
from the carrier into the solutions was then mea-
sured with the square wave voltammetric sensor. 
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At desired time intervals, 5 mL of PBS solution was 
taken out to determine the amount of released 
DOX by SWV. For each measurement, the total 
volume of stock solution was fixed by immediate 
adding 5 mL fresh buffer back.

Characterization of samples
Analytical HPLC (Knauer Co., Germany) and the 

nuclear magnetic resonance (NMR; Bruker Biospin 
GmbH spectrometer; 1H at 300 MHz and 13C at 75 
MHz) spectra were applied for identification of 
rutin. The as-synthesized NPs were characterized 
using a series of instrumental techniques includ-
ing Fourier transform infrared (FTIR) by Perkin-El-
mer spectrometer in KBr tablets, X-ray diffraction 
(XRD) patterns by a PANalytical X’Pert Pro (UK) 
using Ni-filtered Cu Ka radiation, Scanning elec-
tron microscopy (SEM) images by Philips XL30 
equipped with an energy dispersive X-ray spec-
troscopy, transmission electron microscopy (TEM) 
images by ZEISS 10A conventional TEM model Carl 
Zeiss-EM10C-100 KV (Germany), magnetic proper-
ties by vibrating-sample (VSM, LBKFB, Maghnatis 
Daghigh. Kavir Co) magnetometer, thermograv-
imetric analysis (TGA) by using Q50 model (TA 
instruments, USA), ultra violet-visible (UV-Vis) 
by Varian, model; Carry 100 in a range between 
200-800 nm, voltammetric experiments by Origa-
flex500 potentiostat (Origalys, France), and a pH 
meter for pH measurements. 

RESULTS AND DISCUSSION
Characterization of isolated rutin from R. graveo-
lens L.

Ruta graveolens L. (belongs to Rutaceae fami-
ly) commonly called as “Sodab” in Persian, which 
is cultivated in different parts of Iran [20]. The 
most abundant flavonoid glycoside naturally oc-
curring in the R. graveolens L. (Garden Rue) is ru-
tin (quercetin-3-O-β-D-rutinoside or rutoside). It 
can be used as a natural precursor for synthesis 
of magnetic NPs, which is currently of interest. 
Flavonoid skeleton of rutin brings about sever-
al magnificent pharmacological features such as 
antioxidant, antibacterial, antiulcer, antitumor, 
anti-inflammatory, anti-hyperglycemia, analgesic, 
anti-hyperlipidemia, anticancer, myocardial pro-
tecting and hepatoprotective activities [21, 22]. 
In the following, the Nuclear Magnetic Resonance 
(NMR) data of rutin are mentioned.

NMR Spectroscopic data
Rutin (Rutoside/Quercetin-3-O-β-D-rutino-

side), obtained as a yellow powder with molecular 
formula of C27H30O16. 

13C NMR (75 MHz, in Pyri-
dine-d5): Flavonol core; δC 178.69 (C-4), 165.97 
(C-7), 162.65 (C-5), 158.15 (C-2)*, 157.78 (C-8a)*, 
150.50 (C-4ʹ), 146.33 (C-3ʹ), 135.39 (C-3), 122.99 
(C-6ʹ), 122.34 (C-1ʹ), 117.62 (C-2ʹ), 116.13 (C-
5ʹ), 104.64 (C-4a), 99.26 (C-6), 94.72 (C-8); Sugar 
moiety (rhamnopyranosyl); 104.81 (C-1ʹʹ), 76.00 
(C-2ʹʹ), 77.39 (C-3ʹʹ), 71.34 (C-4ʹʹ), 78.52 (C-5ʹʹ), 
68.47 (C-6ʹʹ), 102.28 (C-1ʹʹʹ), 72.17 (C-2ʹʹʹ), 72.73 
(C-3ʹʹʹ), 73.35 (C-4ʹʹʹ), 69.80 (C-5ʹʹʹ), 18.26 (C-6ʹʹʹ). 
1H NMR (300 MHz, in Pyridine-d5): Flavonol core; 
δH 13.45 (1H, s, 5-OH), 8.24 (1H, d, J = 2.2 Hz, H-2ʹ), 
8.01 (1H, d, J = 8.6, 2.2 Hz, H-6ʹ), 7.37 (1H, d, J = 8.6 
Hz, H-5ʹ), 6.89 (1H, d, J = 2.1 Hz, H-8), 6.81 (1H, d, 
J = 2.1 Hz, H-6); Sugar moiety (rhamnopyranosyl); 
6.28 (1H, d, J = 7.4 Hz, H-1ʹʹ), 4.25 (1H, dd, J = 8.5, 
7.4 Hz, H-2ʹʹ), 4.18 (1H, dd, J = 8.8, 8.5 Hz, H-3ʹʹ), 
4.03 (1H, dd, J = 8.8, 7.3 Hz, H-4ʹʹ), 4.30 (1H, m, 
H-5ʹʹ), 4.52 (1H, m, H-6ʹʹa), 3.97 (1H, m, H-6ʹʹb), 
5.41 (1H, d, J = 6.9 Hz, H-1ʹʹʹ), 4.44 (1H, dd, J = 8.4, 
6.9 Hz, H-2ʹʹʹ), 4.41 (1H, dd, J = 8.8, 8.4 Hz, H-3ʹʹʹ), 
4.10 (1H, dd, J = 8.8, 7.4 Hz, H-4ʹʹʹ), 4.21 (1H, m, 
H-5ʹʹʹ), 1.49 (3H, d, J = 6.9 Hz, H-6ʹʹʹ). *Interchange-
able values; [16].

Synthesis of ZnFe2O4 nanoparticles using rutin
Adding the degased ions including Fe3+, Fe2+, 

and Zn2+ to 0.1 mM of rutin solution (pH= 11) is 
caused to formation of tri-complex rutin in media. 
This phenomenon was recognized as the main fac-
tor for removing the neutral gas, N2, during the 
reaction procedure. Meanwhile, when pH is in-
creased through NH3 treatment, the metal-ligand 
complexes will be unstable and consequently led 
to the green synthesis of rutin-ZnFe2O4 NPs (Fig. 
2). 

Fourier transform infrared spectroscopy
Fig. 3 illustrates the FT-IR spectra of chitosan 

and biosynthesized chitosan-coated ZnFe2O4 NPs, 
respectively, which were recorded in the range of 
400‒4000 cm‒1. In general, the IR data of rutin’s 
chitosan-coated ZnFe2O4 NPs displayed a band 
1621 indicating an interaction of the Zn2+ via the 
carbonyl (C-4) [23]. In chitosan spectrum, peaks at 
1646 cm‒1 and 1328 cm‒1 indicate the presence of 
residual N-acetyl groups, which are approved the 
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C=O stretching bands of amide I and C-N stretch-
ing bands of amide III, respectively [24]. In respec-
tive manner, shifting peaks to 1621 cm‒1 and 1385 
cm‒1 of the biosynthesized NPs spectrum ascertain 
the hydrogen bonding of chitosan in the blend as 

well. A wide band in the 3436 cm‒1 is related to 
N-H stretching, O-H stretching and the intermo-
lecular hydrogen bonds of chitosan. However, the 
presence of APTES molecules, as cross linkers, is 
significantly documented by vibrational enlarge-
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Fig. 2. General overview of green synthesis of rutin-ZnFe2O4-chitosan-DOX NPs.
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Fig. 3. FTIR spectra of chitosan (red graph) and chitosan-coated ZnFe2O4 NPs (blue graph).
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ment of both the primary amine (NH) and OH 
stretching groups. In this respect, a slight shift of 
the OH band (3416 cm‒1 for 3436 cm‒1) accompa-
nied by the elongation and suppression of band 
3312 cm‒1 is observed. This may also be due to 
the interaction of silicon (Si) and OH [25]. The ab-
sorption bands at 2912 cm‒1 and 2868 cm‒1 are as-
signed to the –CH3 and –CH2– residues in chitosan 
structure and the peak at 1383 ascribes to –C–O 
stretching of primary alcoholic group of chitosan. 
The peak shift to the lower wavelength (3416 cm‒1) 
is likely owing to hydrogen bonding in the blend of 
nanoparticles. In the FTIR spectrum of rutin-Zn-
Fe2O4-chitosan, compared with the spectrum of 
chitosan, the 1646 cm‒1 and 1606 cm‒1 peaks of 
N-H bending vibration shifted to the lower fre-
quency, 1621 cm‒1, are related to the reaction of 
the blend, which confirms the magnetic ZnFe2O4 
NPs was coated by chitosan. Accordingly, the main 
cause of disappearing bands at 1026 cm‒1, 1083 
cm‒1, and 1155 cm‒1 in chitosan corresponding to 
the C-O stretching, and asymmetric stretching of 
the C-O-C bridge, respectively [26, 27]. Moreover, 
the FTIR spectrum of rutin-ZnFe2O4-chitosan re-
veals the formation of spinel structured ZnFe2O4. 
Two typical IR absorption bands, 474 cm‒1 and 
619 cm‒1, assign to the inverse spinel ferrite struc-
ture. The former indicates the stretching vibration 
of tetrahedral groups Zn2+O2‒ and the latter rep-
resents the octahedral group complex Fe3+O2‒ [28]. 

XRD analysis
The XRD patterns of the rutin-ZnFe2O4 and 

rutin-ZnFe2O4-chitosan are indicated in Fig. 4. 
The presence of (220), (311), (440), (422), (511), 
(440), and (622) peaks in the XRD pattern of bio-
synthesized zinc ferrite NPs (Fig. 4a) are in accor-
dance with a single-phase cubic spinel structure 
[29], which is in agreement with JCPDS standard 
cards no. 1012-22 with no extra impurity phases. 
The average crystalline size was estimated by the 
Scherrer equation, , from the X-ray peak broaden-
ing (FWHM; full-Width at half maximum) of the 
main peak (311), where λ is the wavelength of Cu 
K-alpha (1.79 Å), θB is the angle of Bragg diffrac-
tion, and β = B ‒ b. B is the full FWHM (0.58 ˚2θ) 
and b related to the instrumental line broadening 
[30]. On the whole, the crystalline size of biosyn-
thesized ZnFe2O4 NPs was measured as about 17 
nm using this equation. Fig. 4b also revealed that 
the ZnFe2O4 NPs coated by chitosan contain the 
ZnFe2O4.

Morphological investigation
Fig. 5a-e illustrates SEM image of ZnFe2O4 NPs 

at different magnifications that agree with the 
theoretical results measured by the Debye-Sher-
rer’s equation applied for estimation of average 
crystal sizes. TEM images with various magnifica-
tions were also evaluated for the morphology of 
biosynthesized magnetic nanoparticles (Fig.s 5f-
i). Fig. 5g shows that ZnFe2O4 NPs are somewhat 
polydisperse and spherical shape with the average 
particle size of 18-32 nm, but strongly aggregated. 
The less agglomerated chitosan-coated ZnFe2O4 
NPs, which can be seen in Fig. 5i, might be related 
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Fig. 4. XRD spectra of ZnFe2O4 NPs (a) and chitosan-coated ZnFe2O4 NPs (b).
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to the steric barrier of chitosan playing as the sta-
bilizing agent [26]. The same results were also ob-
tained by Ignat el al., which the ZnFe2O4 NPs syn-
thesized by the chemical method were coagulated 
and rod type with average size was 23.9 nm. By 
the way, coating by chitosan as a stabilizer has sig-
nificantly decreased the size of ZnFe2O4 NPs [31]. 
The Dynamic Light Scattering (DLS) image (Fig. 5j) 
represents that the mean particle size diameter 
of the hydrogel beads (biosynthesized ZnFe2O4 
NPs) are about 267.9 nm. In case of purity and 
elemental composition of rutin-ZnFe2O4 NPs and 
chitosan-coated ZnFe2O4 NPs, the analysis of en-

ergy dispersive X-ray spectroscopy (EDS) was ap-
plied. As can be seen in figures 5k and 5l, the EDS 
patterns obviously showed that biosynthesized 
ZnFe2O4 NPs either with or without chitosan were 
completely free from any kind of elemental im-
purities. The obtained results were in agreement 
with the chemical synthesis of ZnFe2O4 NPs carried 
out by Dhiman et al. [32].

TGA analysis
Fig. 6 illustrates the TGA curves of biosyn-

thesized ZnFe2O4 NPs and chitosan-coated Zn-
Fe2O4 NPs. For ZnFe2O4 NPs (Fig. 6a), the weight 

5 
 

 
Fig. 5. SEM micrographs of ZnFe2O4 NPs at different magnifications; a) 1.0 µm, b) 200 nm, c) 100 nm, d) 30 nm. TEM micrographs of 
ZnFe2O4 NPs at different magnifications; e) 1.0 µm, f) 200 nm, g) 60 nm, h) 30 nm. TEM micrographs of chitosan-coated ZnFe2O4 NPs; 

i) 40 nm. DLS curve of ZnFe2O4 NPs; (j). EDS pattern of ZnFe2O4 NPs (k) and chitosan-coated ZnFe2O4 NPs (l).
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Fig. 6. TGA curves of ZnFe2O4 NPs (a) and chitosan-coated ZnFe2O4 NPs (b).
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loss is 5.5 wt.%, which it might be due to the re-
moval extra water. On the other hand, in Fig. 6b, 
the dramatic weight loss is observed for the chi-
tosan-coated ZnFe2O4 NPs, especially from 270°C 
to 500°C reaching to the 60.7 wt.%, representing 
the elimination of rutin and coating agent, chi-
tosan. Afterwards, the curve experiences the lin-
ear pattern, which is more likely attributed to the 
pure zinc ferrite during the temperature range. 
The present data was also obtained as similar as 
the study of ZnFe2O4 NPs synthesized by the chem-
ical method [26]. 

VSM analysis
The magnetic hysteresis loops for the biosyn-

thesized ZnFe2O4 NPs as well as chitosan-coated 
ZnFe2O4 NPs are exhibited in Fig. 7. The magnet-
ic properties of the zinc ferrite were evaluated by 
room temperature vibrating sample magnetome-
ter (VSM) with a used ±15 kOe field. The evident 
properties, which are extracted from the curves, 
are the zero coercivity along with the ferromag-
netism attitude of ZnFe2O4 NPs in both samples. 
The phenomena can be regarded with the reduc-
ing of superexchenge interaction between Fe3+ 
cations in the octahedral and tetrahedral sites 
[33]. As can be seen by the curves, the value of 
saturation magnetization (Ms) of 59.2 emu/g for 
ZnFe2O4 NPs was higher than that of 38.7 emu/g 
for chitosan-coated ZnFe2O4 NPs, which are differ-
ent from those of reported previously. Chitosan 
coating decreases the magnetization value cor-
responding the presence of carboxylate anion (‒
COO‒) on the surface of ZnFe2O4 NPs, which are 

produced the magnetic dead layer. Raeisi Sahraki 
et al. also reported that the magnetization of zinc 
ferrite magnetite declined from 7.3 emu/g to 5.2 
emu/g due to the presence of chitosan as a coat-
ing agent [26]. It is worth nothing that the mean-
ingful magnetic results of pure ZnFe2O4 NPs with 
ZnFe2O4-chitosan-Folic acid-DOX-HCl nanoparti-
cles were overlapped with the present study [34]. 

Electrochemical procedure and in vitro load/re-
lease of DOX

Doxorubicin concentrations show a linear cal-
ibration curve between 0.03 to 1.5 μM. Well-de-
fined voltammetric peaks are observed at Ep = 
-0.55 V (Fig. 8).

Doxorubicin Loading 
To determine the extent of drug loading, the 

supernatant of the centrifuged solution was col-
lected and the amount of DOX in solution was 
measured by SWV. In order to specify the concen-
tration of the drug, the recorded absorption inten-
sity was compared with a calibration curve that 
was plotted for DOX. In line with the Esmaili and 
Hadad study, the drug loading capacity (DLC) and 
drug loading efficiency (DLE) parameters of the 
chitosan-coated ZnFe2O4 NPs carrier were mea-
sured as 43.5% and 78.6% [34].

Doxorubicin Release 
The rate of drug release from the chitosan 

beads was compared at different pH values (Fig. 
9). The release behavior of rutin-ZnFe2O4-chi-
tosan-DOX in the acidic PBS solution (pH 6.4; 
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Fig. 7. Magnetic curves of ZnFe2O4 NPs and chitosan-coated ZnFe2O4 NPs.
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the blue line) shows a significantly faster release 
(87.4% within 60 h) relative to the buffer with pH 
7.4 (the green graph), which indicates just 17.3% 
DOX release in the first 60 h. The obtained results 
at pH 5.2 are also studied. According to this figure, 
the rate of DOX release from chitosan-coated Zn-
Fe2O4 NPs is significantly higher at pH 5.2 relative 
to pH 6.4.

CONCLUSION
A main objective of cancer therapy is the possi-

bility to selectively target cancer cell while do not 
affect healthy cells. To the best of our knowledge, 
the synthesis of chitosan-coated ZnFe2O4-doxoru-
bicin NPs and their capacity of drug delivery was 
successively investigated by a glycosylated flavo-
noid, rutin. Rutin, a phenolic compound derived 
from plant extract, has been proven to be an ef-
fective reductant to the size of various nanopar-
ticles. During the synthesis of rutin-ZnFe2O4 NPs, 
the substantial novelty was eliminating the N2 gas 
form the process. The structural properties of the 

synthesized NPs were comprehensively studied 
with FTIR, XRD, TEM, SEM, TGA, and VSM tech-
niques. Capacity and efficiency parameters of the 
anti-cancer drug onto the NPs were obtained as 
equal to 43.5% and 78.6%. TEM experiment re-
vealed that the average particle size of NPs was 
18-32 nm. It is therefore found that releasing drug 
was more efficient in pH 6.4 rather than that of 
two other pHs, 7.4 and 5.2. Accordingly, the worth-
while properties of these NPs could be a golden 
line to further deep investigations. A comprehen-
sive analysis of biocompatibility and toxicity of 
chitosan-coated ZnFe2O4-doxorubicin NPs should 
be done using appropriate cell lines based in vitro 
models and consequently in vivo animal models, 
using the standardized protocols. Besides, future 
research is warranted to validate the findings of 
the present study.
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Fig. 8. A) Square-wave voltammograms (SWV) of doxorubicin at different concentrations. (B) The corresponding calibration plot. The 
experimental conditions include; scan from −0.2 V to −0.8 V using pulse 80 mV; scan rate 200 mV/s.
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 Fig. 9. Profiles of DOX release from the chitosan-coated ZnFe2O4 NPs drug delivery systems; A) at pH= 7.4 and 6.4, B) at pH=5.2
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