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The desired pharmacological activity with mini- 

mum side effects of different traditional chemical 
formulations is achieved by enabling the site-specific 
targeting and controlled release. In this study, magnetic 
diethylaminoethyl-cellulose (DEAE-Cellulose) has been 
prepared by magnetite nanoparticles deposition on the 
DEAE-Cellulose support. The primary method to analyze 
the surface modification was SEM. DEAE-Cellulose/Fe3O4 
was loaded with different antibiotics and their 
antimicrobial efficacy against bacterial strains belonging 
to E. coli and S. aureus species were studied. DEAE-
Cellulose/ Fe3O4/cephalosporins have been characterized 
by using FT-IR. Our study indicates that the materials of 
DEAE-Cellulose/Fe3O4/cephalosporins have generally 
increased the activity against tested strains, the 
antimicrobial effect being not significantly dependent of 
temperature treatment. 

 
 

  
Activitatea farmacologică dorită, cu efecte 

adverse minime a diferitelor formulări chimice tradiţionale 
este obţinută prin permiterea eliberării controlate şi 
locoregională a medicamentelor. În acest studiu, 
dietilaminoetil-celuloza/Fe3O4 (DEAE-Celuloza/Fe3O4) a fost 
obţinută prin depunerea nanoparticulelor de magnetită pe 
suportul de DEAE-Celuloză. Principala metodă pentru 
analiza modificărilor suprafeţei a fost microscopia 
electronică de baleaj. Dietilaminoetil-celuloza/Fe3O4 a fost 
încărcată cu diferite antibiotice şi eficienţa antimicrobiană a 
materialelor a fost studiată faţă de tulpini bacteriene care 
aparţin speciilor E.coli şi S.aureus. DEAE-
Celuloza/Fe3O4/cefalosporine au fost caracterizate prin 
FT-IR. Studiul nostru indică faptul că materialele DEAE-
Celuloza/ Fe3O4/cepalosporine au crescut în general 
activitatea faţă de tulpinile testate, efectul antimicrobian 
fiind nesemnificativ dependent de tratamentul termic. 
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1.Introduction 

 
The objective of drug targeting is to achieve 

desired pharmacological response at a selected site 
without undesirable interactions [1]. The magnetic 
targeted drug delivery system is one of the most 
attractive strategies of delivering drugs to the area 
of interest [2]. Magnetic drug targeting is based on 
using magnetic drug carrier particles to selectively 
deliver drugs to a specific site inside the body by 
using an external magnetic field to attract and retain 
them there [3]. The great problem associated with 
drug administration is the inability to target a 
specific area of the body [4]. To reach an 
acceptable therapeutic level, large doses of the 
drug must be administered [5]. Only a part of the 
dose will actually reach the intended disease or 
organ [6]. These high dosages can cause toxic 
effects at the non-target disease or organ [7,8]. 
Targeting specific sites in the body simplifies drug 
administration procedures, reduces the quantity of 
drug required to reach therapeutic levels, 
decreases the concentration of the drug at non-
target sites and increase the concentration of the 
drug at target sites. Incorporating magnetic particles 
into drug carriers and using an externally applied 
magnetic field is one way to physically direct these  

 magnetic drug carrier particles to a site [9]. The 
main limitation of magnetic drug delivery relates to 
the strength of the external magnetic field that can 
be applied to obtain the necessary magnetic 
gradient to control the residence time of 
nanoparticles in the desired area or which triggers 
the drug desorption [10]. As a means to elude the 
limitations of using external magnetic fields, internal 
magnets can be located in the vicinity of the target 
by using minimally invasive surgery. Moreover, the 
simultaneous use of an external magnetic field and 
a magnetic implant to direct the magnetic 
nanoparticles is also a promising strategy [11]. In 
this context the aims of our study were obtaining, 
characterization and biological evaluation of novel 
hybrid material based DEAE-Cellulose/Fe3O4 and 
different cephalosporins. 

 
2. Materials and Methods 

 
2.1. Preparation of DEAE-Cellulose/Fe3O4 

DEAE-Cellulose/Fe3O4 was prepared by 
chemical precipitation of Fe2+ and Fe3+ ions in 
aqueous solution of sodium hydroxide. In brief, 2 g 
of DEAE-Cellulose was added in 500 mL aqueous 
solution of NaOH (2%) and then Fe(II) and Fe(III)  
(in 1:2 molar ratio) were dissolved in 500 mL ultra- 
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pure water and were added drop-wise under 
constant stirring at 25◦C. Organic/inorganic hybrid 
material was separated by applying a magnetic 
field, and washed several times in water and then 
in ethanol. The purification step was used to 
remove impurities from Fe3O4 nanoparticles 
synthesis. The hybrid material were finally dried at 
50o (DEAE-C50/Fe3O4) and 100 ◦C (DEAE-
C100/Fe3O4). 

 
2.2. Antimicrobial agents 

Cephalosporins were chosen from the 
commercially available class of β-lactams 
antibiotics: cefuroxime (second-generation), 
cefotaxime (third-generation), cefoperazone (third 
generation), ceftriaxone (third-generation), 
cefepime (fourth-generation), cefaclor (second 
generation). 
 
2.3. Preparation of  DEAE-

Cellulose/Fe3O4/cephalosporins hybrid 
material as a magnetic drug delivery 
system 

After drying in oven at 50o and 100oC for 
24 h, the magnetic hybrid materials were dispersed 
in chloroform and then the cephalosporins were 
added. The mixture was grounded for 10 min until 
complete evaporation of chloroform. This step is 
repeated three times for a uniform dispersion of 
cephalosporins in the structure of hybrid material. 
Finally the minimum quantity of ultra-pure water 
was added to form a paste. It was dried to 40oC for 
6 h. The concentration of deposited cephalosporins 
was 10 %. 

 
2.4.  Scanning electron microscopy (SEM) 
 SEM analysis was performed on a 
HITACHI S2600N electron microscope, at 25 keV, 
in primary electrons fascicle, on samples covered 
with a thin silver layer [12]. 
 
2.5. FT-IR analysis 
 A Nicolet 6700 FT-IR spectrometer 
(Thermo Nicolet, Madison, WI) connected to 
software of the OMNIC operating system (Version 
7.0 Thermo Nicolet) was used to obtain FT-IR 
spectra of hybrid materials. The samples were 
placed in contact with attenuated total reflectance 
(ATR) on a multibounce plate of ZnSe crystal at 
controlled ambient temperature (25oC). FT-IR 
spectra were collected in the frequency range of 
4,000–650 cm-1 by co-adding 32 scans and at a 
resolution of 4 cm-1 with strong apodization. All 
spectra were ratioed against a background of an 
air spectrum. After every scan, a new reference air 
background spectrum was taken. The plate was 
carefully cleaned by wiping with hexane twice 
followed by acetone and dried with soft tissue 
before filling in with the next sample. The spectra 
were recorded as absorbance values at each data 
point in triplicate. 

 2.6. Qualitative antimicrobial screening as drug 
delivery response 

Qualitative screening of the susceptibility 
of the microbial strains to DEAE-
Cellulose/Fe3O4/cephalosporins has been 
accomplished through an adapted diffusimetric 
method, on Mueller Hinton (MH) solid medium 
[13,14]. In this purpose, a 0.5 McFarland standard 
adjusted microbial suspensions were obtained 
from S. aureus ATCC 25923 and E. coli ATCC 
25922 strains grown on solid medium and were 
further used for Petri plates seeding. Then, 5 µl 
from a stock solution of the tested product, 
containing 30 µg/mL of antibiotic were distributed 
in spots on the surface. The result reading was 
performed by measuring the bacterial growth 
inhibition zones diameters around the spots. The 
used solvent, dimethyl sulfoxide (DMSO) [15,16], 
was comparatively tested for its potential 
antimicrobial activity. 

 
3. Results  

3.1. SEM analysis 
The scanning electron microscopy was 

used to characterize pure DEAE-Cellulose (Figure 
1-a,b) and DEAE-Cellulose/Fe3O4 systems 
obtained at 50 oC (figure 1-c,d) and 100 oC (Figure 
1-e,f) respectively. As a prime observation it can 
conclude that magnetite nanoparticles can be well 
visualized in both magnetic systems and form 
agglomerates on the DEAE-Cellulose fibers 
(Figure 1-g,h).  

From the SEM images DEAE-Cellulose 
fibers with lengths of 100-150 µm and diameters of 
10-20 µm can be observed. The SEM image 
(Figure 1-b) of one individual macrofibril shows 
that the surface of untreated DEAE-C is almost 
free of trenches, but there are obvious boundary 
edges in different regions, compared with (Figure 
1-d) and (Figure 1-f), where the deposition of  
Fe3O4 was observed. It is important to mention that 
the thermal treatment used for the synthesis of the 
DEAE-Cellulose/Fe3O4 systems do not affect the 
fibers morphology and are in good agreement with 
the FT-IR analysis. 
 

3.2. FT-IR characterization 
Figures 2 and 3 shows band intensities in 

the infrared spectra of DEAE-Cellulose, DEAE-
Cellulose/Fe3O4 dried at 50oC and respectively at 
100oC and with cephalosporins loaded.  

In addition, there are many well-defined 
peaks in the “fingerprint” region between 1200 and 
800 cm−1. The “fingerprint” region of the spectra 
from the reference (1) and modified DEAE-
Cellulose (2, 3) regions shows clear no differences 
after reaction by comparing the spectral 
characteristics of all types of samples as well as 
the band assignments can be ascertained. 

To evidence the deposition of cephalo-
sporins on the surface of DEAE-Cellulose/ /Fe3O4 
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a. DEAE-Cellulose 

 

 
b. DEAE-Cellulose 

 
c. DEAE-C50/Fe3O4 

 

 
d. DEAE-C50/Fe3O4 

 
e. DEAE-C100/Fe3O4 

 

 
f. DEAE-C100/Fe3O4 

 
g. 

 

 
h. 

Fig. 1 - SEM micrograhps of DEAE-Cellulose, DEAE-C50/Fe3O4 and DEAE-C100/Fe3O4 / Micrografii SEM ale DEAE-Celuloză, DEAE-
C50/Fe3O4 şi DEAE-C100/Fe3O4 

FT-IR spectra were plotted in Figure 2 and 3. The 
changes in area of the bands and many peaks in 
the “fingerprint” the reference (1, 2) and modified 

 region between 1600 and 1200 cm−1 was 
observed.  

The “fingerprint” region of the spectra from  
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Fig. 2 - FT-IR spectra of DEAE-Cellulose (1), DEAE-C50/Fe3O4 
(2), DEAE-C50/Fe3O4/cefuroxime (3), 
DEAE-C50/Fe3O4//cefotaxime (4),
 DEAE-C50/Fe3O4/cefoperazone (5),
DEAE-C50/Fe3O4/ceftriaxone (6),
DEAE-C50/Fe3O4/cefepime (7) 
Spectrele FT-IR pentru DEAE-Celuloză(1), DEAE-C50/ 
Fe3O4(2), DEAE-C50/ Fe3O4/cefuroxim (3), DEAE-C50/ 
Fe3O4/cefotaxim (4), DEAE-C50/Fe3O4/cefoperazonă 
(5), DEAE-C50/Fe3O4/ceftriaxona (6), DEAE-
C50/Fe3O4/cefepim (7) 

 Fig. 3 - FT-IR spectra of DEAE-Cellulose (1), DEAE-C100/Fe3O4 
(2), DEAE-C100/Fe3O4/cefuroxime (3), 
DEAE-C100/Fe3O4/cefotaxime (4), 
DEAE-C100/Fe3O4/cefoperazone (5), 
DEAE-C100/Fe3O4/ceftriaxone (6), 
DEAE-C100/Fe3O4/cefepime (7) / Spectrele FT-IR pentru 
DEAE- Celuloză(1), DEAE-C100/ Fe3O4(2),  
DEAE-C100/ Fe3O4/cefuroxim (3),  
DEAE-C100/Fe3O4/cefotaxim (4),  
DEAE-C100/Fe3O4/cefoperazonă,(5),  
DEAE-C100/Fe3O4/ceftriaxonă(6),  
DEAE-C100/ Fe3O4/cefepim (7) 

DEAE-C100/Fe3O4/cephalosporins (3-7) regions 
shows clear differences after deposition of 
cephalosporins. 
 
3.3. Qualitative antimicrobial screening as 

drug delivery response 

 All measured diameter of inhibition for 
tested hybrid materials were superior for the 
antibiotic positive control, excepting DEAE-
C50/100/Fe3O4/cefepime against S. aureus and 
DEAE-C50/Fe3O4/cefuroxime against E. coli. The 
results were not significantly dependent on the 
temperature treatment, excepting DEAE-
C50/100/Fe3O4/cefuroxime and cefepime for E. coli.  

Fig. 4 - Antimicrobial efficacy against E. coli, expressed in diameter of 
the growth inhibition zone diameter (mm) (M+ = Antibiotic 
control) /  Eficienţa antimicrobiană asupra E. coli, exprimată în 
diametrul zonei de inhibiţie a creşterii (mm) (M+ = Antibiotic de 
control). 

Fig. 5 -  Antimicrobial efficacy against S. aureus, expressed in 
diameter of the growth inhibition zone diameter (mm) (M+ 
= Antibiotic control) / Eficienţa antimicrobiană asupra S. 
aureus, exprimată în diametrul zonei de inhibiţie a creşterii 
(mm) (M+ = Antibiotic de control). 

The most efficient was DEAE-
C50/Fe3O4/cefepime against E. coli and DEAE-
C100/Fe3O4/cefuroxime against S. aureus. Similar 
patterns of antimicrobial effect of DEAE-
C50/Fe3O4/antibiotic and DEAE-
C100/Fe3O4/antibiotic against the tested strains 
were observed, excepting DEAE-
C50/Fe3O4/cefuroxime and DEAE-
C100/Fe3O4/cefuroxime against E. coli, probably 
due to specific interaction mechanisms between 
the hybrid material and the bacterial target, 
represented by the cell wall. There are a lot of 
studies reporting that different types of 
nanoparticles, such as those containing Ag, CuO 
and ZnO attack bacterial membranes, by 
collapsing the plasma membrane potential and 
decreasing the ATP [17,18].  

 
4. Conclusions 

 
In the present study, we report the 

synthesis, characterization and in vitro drug 
delivery response of magnetic DEAE-
Cellulose/Fe3O4 systems which act as drug 
targeting of five cephalosporins. The primary 
method to analyze the surface modification of 
hybrid material was SEM and to evidence the 
deposition of cephalosporins on the DEAE-
Cellulose/Fe3O4, FT-IR measurements were 
performed.  The  SEM  reveals  that  magnetite  
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particles form agglomerates on the DEAE-
Cellulose fibers however substantial modifications 
of the DEAE-Cellulose fiber’s morphology can’t be 
highlighted. The “fingerprint” region of the FT-IR 
spectra from the reference and DEAE-
Cellulose/Fe3O4/cephalosporins regions shows 
clear differences after deposition of 
cephalosporins. The effect of hybrid magnetic 
materials based on traditional antibiotic 
formulations on the antibacterial properties of 
different cefalosporins was investigated against S. 
aureus and E. coli bacterial strains by a 
diffusimetric method. The tested magnetic hybrid 
materials generally increased the activity against 
tested strains, probably due to the morphological 
and/or physiological changes induced in the 
plasma membrane by the nanoparticles, as well as 
to a better adsorption of the small size 
nanoparticles, the antimicrobial effect being not 
significantly dependent of temperature treatment.  
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