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Amphiphilic dextran/magnetite nanocomposites as 
magnetic resonance imaging probes 

WANG QiaoYing1*, SU HongYing1*, XIA ChunChao2, SUN JiaYu2, LIU Chen1, WANG ZhiYong1, 
GONG QiYong2, SONG Bin2, GAO FaBao2, AI Hua1,2† & GU ZhongWei1 
1 National Engineering Research Center for Biomaterials, Sichuan University, Chengdu 610064, China; 
2 Department of Radiology, West China Hospital, Sichuan University, Chengdu 610041, China 

Superparamagnetic iron oxide (SPIO) nanoparticles are effective contrast agents for enhancement of 
magnetic resonance imaging at the tissue, cellular or even molecular levels. High quality SPIO 
nanoparticles can be synthesized in the organic phase but need to be transferred into water before any 
biomedical applications. In this study, amphiphilic poly(ε-caprolactone) grafted dextran (Dex-g-PCL) 
was used as carriers for particle encapsulation and stabilization in the aqueous phase. Multiple SPIO 
nanoparticles were self-assembled together with the help of Dex-g-PCL during phase transfer from 
chloroform to water, and diameters of Dex-g-PCL/SPIO nanocomposites were (64 ± 22) nm through 
dynamic light scattering measurement. These nanocomposites were superparamagnetic at 300 K with 
saturated magnetization of 88 emu/g Fe. In the magnetic field of 1.5 T, Dex-g-PCL/SPIO nanocomposites 
had a T2 relaxivity of 363 Fe mL·mol−1·s−1. This unique nanocomposite brought significant mouse liver 
contrast with signal intensity changes of −60% at 5 min after intravenous administration. However, uptake 
of Dex-g-PCL/SPIO nanocomposites in liver reticuloendothelial cells (Kupffer cells) did not immediately 
happen at shorter time points (<4 h) as verified by histology studies, and it was evident that more iron 
staining would be located in Kupffer cells 24 h after contrast agent administration. After 24 h and 10 d, 
the signal intensities (SI) gradually recovered, and SI changes were −44% and −31%, respectively. From 
our observation, the time window for enhanced-MRI could last at least 12 days and totally recovered 
after 16 days. This novel sensitive MRI contrast agent may find potential applications in discovering 
small liver lesions such as early tumor diagnosis.  

superparamagnetic iron oxide, dextran, micelle, magnetic resonance imaging, contrast agent 

Superparamagnetic iron oxide (SPIO) nanocrystals are 
widely used not only for electronic applications, but also 
for biomedical applications including magnetic reso-
nance imaging (MRI), biosensing, thermal therapy of 
cancers and drug delivery[1−4]. High quality iron oxide 
nanocrystals are synthesized in the organic phase at high 
temperatures for better control of particle size and mor-
phology[5−7]. These nanocrystals are well soluble in or-
ganic solvents but it is necessary to have them well dis-
persed in water for any biological application. Besides, 
there are two important prerequisites to satisfy: first, the 
water soluble particles need to preserve their magnetic 
properties after phase transfer; second, the coating materi-

als need to be biocompatible and biodegradable for in vivo  
applications. Different materials have been chosen for 
nanocrystal phase transfer including small molecule 
ligands[8,9] and poly(ethylene glycol) (PEG)-phosphine 
oxide polymer[10]. These water soluble SPIO nanoparti-
cles have shown good imaging contrast effects and bio- 
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compatibility. However, the searching of high quality 
polymer/SPIO nanocomposites as sensitive MRI con-
trast agents has never stopped.  

Polymeric micelles are potential candidates for con-
trast agent applications. They are nanoscopic core-shell 
structures self-assembled by amphiphilic block copoly-
mers in aqueous phase[11,12]. They have shown various 
advantages such as low critical micellar concentration 
(CMC), reduction in toxic side effects of drugs and long 
blood circulation time etc., and have long been used for 
hydrophobic anti-cancer drug encapsulation[13−16]. Not 
limited to small molecule drugs, the application has been 
extended to encapsulation of functional nanoparticles 
including magnetite[14,17] and quantum dots[18,19] for 
bioimaging. These nanocomposites not only preserve the 
magnetic and optical properties of the original particles 
but also show good biocompatibility both in vitro and in 
vivo. Particularly, multiple magnetic nanoparticles can 
be encapsulated inside the hydrophobic core of one mi-
celle, forming a closed packing structure-clustering, 
which resulted in much stronger T2 effects than single 
particle containing micelles at the same iron concentra-
tion[17]. This unique structure provides opportunities for 
design and development of ultrasensitive MR probes. 

Polysaccharides are natural polymers usually having 
good biocompatibility. Dextran, hyaluronic acid, chon-
droitin sulfate and chitosan have been widely used for 
drug and gene delivery. Dextran have long been used as 
a temporary plasma substitute with good biosafety, and 
also chosen as the material coated on the clinically ap-
proved SPIO contrast agents such as Feridex and Reso-
vist. However, dextran itself as a hydrophilic polymer 
can not be used to stabilize hydrophobic SPIO nanopar-
ticles in water.  

In this study, we use amphiphilic dextran as carriers 
to form polymer/SPIO nanocomposites. We chose 
poly(ε-caprolactone) (PCL) as the hydrophobic segment 
and grafted it onto dextran, the main polymer chain. 
PCL-grafted dextran (Dex-g-PCL) was synthesized by 
ring opening polymerization (ROP) of ε-caprolactone 
initiated by the free hydroxyl groups (―OH) of silylated 
dextran. Multiple hydrophobic SPIO nanoparticles 
stayed inside the Dex-g-PCL micelles after phase trans-
fer. The physical properties of composite micelles were 
characterized through dynamic light scattering, mag-
netization and T2 relaxivity. Their MRI contrast effect 
was tested in vivo on mice through liver imaging, and 

histology slides were prepared to examine the contrast 
agent uptake by liver at different time points after i.v. 
injection. 

1  Materials and methods 

1.1  Materials 

Dextran T10 (Mw 10300; Mn 5900) was purchased from 
Pharmacia and dried under a reduced pressure at 90℃ 
overnight and then underwent azeotropic distillations 
with dry pyridine for three times. 1,1,1,3,3,3-Hexame-   
thyldisilazane (HMDS) (Kelong Chemicals) was used 
after distillation under a reduced pressure. Chloro-
trimethylsilane (TMSCl) (99%) was purchased from 
Sigma and used as received. Stannous octoate (Sn(Oct)2) 
was purchased from Fluka and used as received. 
ε-Caprolactone (CL) from Fluka was dried over CaH2 
for 48 h, distilled under reduced pressure, and stored 
under inert atmosphere. Toluene was dried by refluxing 
over Na just before use. Dimethyl sulfoxide (DMSO) 
was dried over CaH2 and distilled under reduced pres-
sure. 

Iron(III) acetylacetonate, 1,2-hexadecanediol (97%), 
benzyl ether (99%), oleic acid (90%), and oleylamine 
(>70%) were purchased from Aldrich Chemical Co. and 
used as received. 

1.2  Synthesis of superparamagnetic iron oxide (SPIO) 
nanocrystals 

Detailed synthetic method for SPIO nanocrystals was 
described in a previous publication by Sun et al[7]. 
Briefly, Fe(acac)3 (1 mmol) was mixed with 
1,2-hexadecanediol (5 mmol), oleic acid (3 mmol), and 
oleylamine (3 mmol) in benzyl ether (10 mL) under ar-
gon protection. The mixture was then heated to reflux 
(300℃) for 1 h. After cooling to room temperature, the 
solution was treated with ethanol to yield a dark-brown 
precipitate. The product was redispersed in hexane in the 
presence of oleic acid and oleylamine and reprecipitated 
with ethanol. Finally, these nanocrystals were dispersed 
in hexane for storage.  

1.3  Dextran silylation 

The synthetic process of Dex-g-PCL is illustrated in 
Scheme 1; it includes dextran silylation, ROP of CL 
from silylated dextran, and deprotection of the silylated 
Dex-g-PCL. First, dextran silylation was carried out ac-
cording to a recent publication[20]. An amount of 0.25 g 



 

 WANG Q Y et al. Chinese Science Bulletin | September 2009 | vol. 54 | no. 17 2927 

SP
EC

IA
L 

TO
PI

C
  

  
  

  
  

A
R

TI
C

LE
S 

B
IO

M
E

D
IC

A
L 

M
AT

E
R

IA
LS

 

dry dextran was totally dissolved in 10 mL DMSO in a 
previously dried two-neck flask, and desired amounts of 
HMDS and TMSCl were added under an argon flow 
with dried syringes. After 4 h of reaction, 4 mL of dry 
toluene was added into the medium to make the reaction 
condition homogeneous during silylation. The reaction 
system was kept at 50℃ for 20 h. The expected sily-
lated dextran was recovered by precipitation from 
cooled heptane, dried in a vacuum. Protection yield 
(silylation yield) of as-prepared silylated dextran was 
calculated by 1H NMR in CDCl3 as described earlier 
using eq.(1)[21]. 

 Yield (%)= 3

glucosidicH

OSiMe 6 100 ,
27

A
A

×  (1) 

where AOSiMe3 and AglucosidicH are the respective integral 
intensities of trimethylsilyl group at 0.15 ppm (1 ppm = 
10−6) and glucosidic proton from 3.0 to 4.0 ppm. The 
degree of substitution was calculated as eq. (2):  

 3Yield (%)
100

DS  
= . (2) 

 
Scheme 1  The synthetic process of poly(ε-caprolactone)-grafted 
dextran. 
 

1.4  ROP of CL from silylated dextran 

In a typical experiment, the synthesis of Dex-g-PCL was 
performed by the ROP of CL in the presence of Sn(Oct)2. 
The polymerization was carried out in dry toluene under 
Ar at 105℃ for 48 h according to a recent publica-
tion[22]. Silylated dextran was dissolved in dry toluene 

(10 wt% silylated dextran) after azeotropic distillations 
with dry toluene for three times, then desired amount of 
CL was secondly added, and a trace amount of Sn(Oct)2 

was added after the reaction system became clear. The 
expected product was recovered by precipitation in cool 
heptane. 

PCL weight fraction in TMSD-g-PCL copolymers 
(FPCL) was determined by 1H NMR spectroscopy as fol-
lows[22]: 
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where IPCL was the average value of 1H NMR integral 
intensity obtained from the methylene protons at 4.00 
ppm (“―CH2―O―C(O) ―”) and 2.27 ppm (“―O―

C(O)―CH2―”), Idextran was 1H NMR integral intensity 
of glucosidic proton from 3.0 to 4.0 ppm; DS was de-
gree of substitution by silylation; MWCL, MW“SiMe3”, 
MW“H”, and MWGL are 114.1, 73.2, 1.0, and 159.1 re-
spectively. MWGL corresponds actually to one C6H7O5 
“deprotonated” glucosidic unit. 

1.5  Deprotection of the silylated dextran-g-PCL 

The as-prepared silylated Dex-g-PCL was dispersed in 
dioxane containing 0.1 M HCl. After stirring at room 
temperature for 2 h, the deprotected copolymers were 
recovered by precipitation in cool heptane and dried in 
vacuum. 
1.6  Characterization of dextran and amphiphilic 
dextran 
1H NMR spectra were recorded using a Bruker AM 400 
apparatus (400 MHz) in d6-DMSO, CDCl3 using 
tetramethylsilane (TMS) as an internal reference, or D2O 
at 25℃. FT-IR spectra were recorded using a Perkin- 
Elmer Spectrum One FTIR spectrometer. 
1.7  Preparation of Dex-g-PCL/SPIO nanocompo-
sites 
The Dex-g-PCL/SPIO nanocomposites were produced 
according to an emulsion and solvent evaporation 
method[17] with minor modification. Briefly, appropriate 
amount of copolymer and SPIO nanoparticles (poly-
mer/SPIO mass ratio = 3) were dissolved in 0.5 mL 
chloroform and added into 5 mL Milli-Q water under 
probe sonication (SONICS, US), Dex-g-PCL/SPIO 
nanocomposites in water were obtained after evapora-
tion of chloroform. Particle size distributions were 
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characterized through dynamic light scattering (DLS) 
measurement using a Malvern Nanosizer.  

1.8  Magnetization and T2 relaxivity studies 

Elemental analysis of iron from Dex-g-PCL/SPIO 
nanocomposite samples was performed using an atomic 
absorption spectroscopy (AAS) (AA800, Perkin-Elmer, 
USA). Magnetic studies were carried out using a 
MPMS7 Quantum Design SQUID magnetometer 
(Quantum Design, San Diego, USA) at 300 K. Sample 
in aqueous phase was lyophilized and then measured 
with a scope of −10―10 kOe, 4 quadrants. T2 relaxivi-
ties were measured at 1.5 T on a clinical MR scanner 
(Siemens Sonata) at room temperature as described 
before[17]. The T2-weighted images were acquired with 
a conventional spin echo acquisition (TR = 5000 ms) 
with TE values ranging from 6 to 170 ms. Relaxivity 
values of r2 were calculated through the curve fitting of 
1/T2 relaxation time (s−1) vs. the iron concentration 
(mM). 

1.9  In vivo MRI studies 

All studies involving animals were approved by the 
Animal Care and Use Committee of the Institute. MRI 
studies were performed with a 3 T imaging system 
(Philips Medical System) by using a mouse coil (Philips) 
for transmission and reception of the signal. Multisec-
tion T2-weighted TSE sequence (TR = 1000 ms; TE = 
80 ms; FOV 25 mm×25 mm; slice thickness 1.6 mm; 
flip angle 90°) was used for all our studies. Mice were 
anaesthetized by pentobarbital sodium at the dose of 40 
mg/kg body weight. MRI scan was performed before 
and at different time points up to 16 days after contrast 
agent administration at a dose of 2.5 mg Fe/kg body 
weight. Signal intensity (SI) was measured for each time 
point and the relative SI changes were plotted against 
time. 

1.10  Histology analysis 

Mice were sacrificed at different time points after tail 
vein injection of Dex-g-PCL/SPIO nanocomposites. 
Liver and spleen tissues were taken out and fixed in 4% 
buffered paraformaldehyde for more than 48 h, and then 
embedded in paraffin. Adjacent slides were prepared for 
histological analysis using either hematoxylin-eosin (HE) 
staining or Prussian blue staining (iron staining). 

2  Results and discussion 

2.1  Synthesis of Dex-g-PCL 

The brush-like amphiphilic graft copolymers were syn-
thesized by a three-step procedure (Scheme 1). The fist 
step consists of a reversible protection of the hydroxyl 
groups (―OH) of dextran by using HMDS as silylation 
agent, followed by the ROP of CL in toluene initiated by 
remaining ―OH groups. The final step involves the 
removal of trimethylsilyl protecting groups on the dex-
tran backbone. In order to control the amount of PCL 
grafts and the solubility of trimethylsilyl dextran (TMSD) 
in organic solvents, protection yields were controlled to 
be higher than 80%. 

The 1H NMR spectra of pure dextran, TMSD-g-PCL and 
Dex-g-PCL are shown in Figure 1. Compared with pure 
dextran (Figure 1(1)), the peaks corresponding to PCL 
and OSiMe3 can be observed in the spectrum of TMSD- 
g-PCL (Figure 1-(2)): δ (ppm) 1.39 (PCL ―COCH2- 
CH2CH2CH2CH2O―), 1.66 (PCL ―COCH2CH2CH2- 
CH2CH2O―), 2.27 (PCL ―COCH2CH2CH2CH2- 
CH2O―), 4.00 (PCL ―COCH2CH2CH2CH2CH2O―), 
0.15 (―OSi(CH3)3). The protection yield was deter-
mined by 1H NMR from the relative intensities of the 
trimethylsilyl groups at 0.15 ppm and the glucosidic  

 

 
Figure 1  1H NMR spectra of pure Dextran (1), TMSD-g-PCL (2) 
and Dex-g-PCL (3). Solvent = D2O, CDCl3 and d6-DMSO at room 
temperature. 
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proton centered at 3.0 to 4.0 ppm using CDCl3 as the 
solvent. The calculated protection yield is 91.5% ac-
cording to eq. (1) and the DS value is 2.7 as calculated 
from eq. (2). PCL weight fraction FPCL is about 0.55 as 
we calculated from eq. (3). The reversible protection of 
the hydroxyl groups (―OH) with SiMe3 is also demon-
strated by the 1H NMR spectrum (Figures 1(2) & (3)). 

Figure 2 shows the FTIR spectra of pure dextran, 
TMSD and Dex-g-PCL. Protection of ―OH through 
silylation is demonstrated by the presentation of absorp-
tion bands of the trimethylsilyl groups at 748, 844, 874, 
1020, 1164 and 1252 cm−1, and the complete deprotec-
tion is also demonstrated by the disappearance of these 
peaks. Our observation is similar to a previous report[22]. 
Also, the absorption band at ca. 3500 cm−1 of 
Dex-g-PCL resumes to a similar level of pure dextran 
after deprotection of hydroxyl groups from TMSD-g- 
PCL. Grafting of PCL on dextran is easily evidenced as 
we can see the absorption peak of C=O from PCL at 
1726 cm−1 in FTIR spectrum. 

 

 
Figure 2  FTIR spectra of pure dextran, silylated dextran and 
Dex-g-PCL. 

2.2  Preparation of Dex-g-PCL/SPIO nanocompo-
sites 

The one-pot reaction led to the monodisperse SPIO 
nanocrystals that can be easily isolated from the reaction 
by-products and the ether solvent. Figure 3(a) displays 
the DLS data of SPIO nanocrystals in hexane with a 
diameter of (10.1±2.5) nm. In comparison, SPIO 
nanocrystal containing micelles have a diameter of 
(64.2±22.2) nm (Figure 3(b)), obviously larger than that 
of the single SPIO particles in organic solvent. The 
enlarged particle size is mainly due to amphiphilic dex-
tran coating and multiple particles loading. Under SEM 

observation, these nanocomposites have even bigger 
diameters than that in water; probably due to the micelle 
flatten out after the drying process (Figure 3(c)). 

 

 
Figure 3  DLS of SPIO nanocrystals in hexane (a) and Dex-g- 
PCL/SPIO nanocomposites in water (b) and SEM images (c) with a 
scale bar of 500 nm. 

2.3  Magnetization and T2 relaxivity of Dex-g-PCL/ 
SPIO nanocomposites 

SPIO nanocrystals are superparamagnetic at room tem-
perature with a saturation magnetization about 102 
emu/g Fe[23]. Magnetization of the superparamagnetic 
materials does not vary linearly with the applied field, 
which is different from that of the paramagnetic col-
loids[24]. Magnetization measurements of lyophilized 
sample powder of Dex-g-PCL/SPIO nanocomposites 
show that the net magnetization returned to zero in the 
absence of an external field, indicating they are super-
paramagnetic at 300 K (Figure 4). Under a large external 
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field, the magnetization of the nanocrystals aligns with 
the field direction and reaches its saturation value (satu-
ration magnetization, σs). The σs of Dex-g-PCL/SPIO 
micelles slightly reach over 88 emu/g Fe, which is lower 
than that of single SPIO nanocrystals. The exact reason 
is still under investigation and similar phenomenon has 
been discovered before for polymer coated hydrophilic 
magnetite nanoparticle clusters[25].  

 

 
Figure 4  Hysteresis loops of the Dex-g-PCL/SPIO nanocompo-    
sites containing micelles measured at 300 K. Black dots are plotted 
based on Fe mass in the composite sample; empty circles represent 
data based on the total nanocomposite sample mass, which in-
cludes mass from Dex-g-PCL and SPIO nanoparticles. 

 
To understand how these nanocrystals containing 

Dex-g-PCL micelles function as MRI contrast agents, 
we studied their relaxivities at 1.5 T field in a clinical 
MRI scanner. SPIO based MRI contrast agents shorten 
the T2 (spin-spin) relaxation times, and their net effec-
tiveness is expressed as T2 relaxivity (r2), which repre-
sents the reciprocal of the relaxation time per unit con-
centration of metal ions, with units Fe mL·mol−1·s−1. 
Figure 5(a) displays the T2 rates of SPIO nanoparticle 
loaded micelles over iron concentrations. At the mag-
netic field of 1.5 T, micelles containing multiple SPIO 
nanocrystals have a reasonably high T2 relaxivity of 363 
Fe L·mol−1·s−1. The T2 relaxivity increased dramati-
cally with SPIO clustering inside micelles, and it is as-
sumed that the enhancement of spin-spin relaxation re-
flects the ability of magnetic particles to distort the local 
magnetic field[24]. Larger clusters of SPIO nanocrystals 
in solution have higher magnetic moments per particle 
in solution, and distort the magnetic field in larger vol-
umes of solvent. Similar phenomena were found in 
mPEG-b-PCL/SPIO micelles and polyelectrolyte-neutral 

copolymer/SPIO aggregates[17,26]. Although relaxation 
theory for single SPIO particles has been developed[27], 
no quantitative microscopic theory is available to ex-
plain the T2 relaxivity changes for clustered SPIO parti-
cles.  

 

 
Figure 5  (a) T2 relaxation rate (1/T2, s−1) as a function of Fe con-
centration (mM) for SPIO nanocrystal loaded Dex-g-PCL micelles at 
1.5 T; (b) T2-weighted MRI images (1.5 T, spin-echo sequence: TR = 
5000 ms, TE = 50 ms) of the above micelle formulations. 

 
To quantify MRI detection limit, we define the sensi-

tivity as Dex-g-PCL/SPIO nanocomposite concentra-
tions at which MRI signal intensity decreases to 50% of 
that for pure water in T2-weighted images (1.5 T, 
spin-echo sequence: TR = 5000 ms, TE = 35 ms). For 
multiple SPIO nanoparticles containing micelles, the 
detection limit is 0.06 mM Fe. The sensitivity of multi-
ple SPIO nanocrystal loaded micelles may prove to be 
essential in detecting minor pathological changes at mo-
lecular or cellular levels. 

2.4  In vivo MRI study  

SPIO contrast agents can enhance the image contrast of 
tissues through substantial shortening of T2 relaxation 
times, leading to hypointense signals at locations where 
the probes accumulate. For liver imaging, SPIO agents 
have been extremely useful in diagnosis of small tumor, 
metastasis, fibrosis, cirrhosis, and other focal le-
sions[28−30]. The observed effects on signal intensity de-
pend on various factors, including the T2 relaxivity and 
pharmacokinetics of the agents, the dose of administra-
tion, the type of coils, and the acquisition parameters. 
The T2 relaxivity of Dex-g-PCL/SPIO nanocomposites 
is 363 Fe m L·mol−1·s−1, much higher than that of the 
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commercially available contrast agents such as Feri-   
dex (98 Fe mL·mol−1·s−1) and Resovist (151 Fe mL· 
mol−1·s−1)[31]. Another important parameter to adjust is 
the pulse sequence which can be crucial in determining 
the diagnostic effectiveness of contrast agents. Turbo 
spin-echo (TSE) and fast gradient-recalled echo (GRE) 
sequences are the most commonly used ones so far.  

In our study, we tested both T2
*-weighted GRE se-

quence and T2-weighted TSE sequence with a mouse 
coil in preliminary observations, and we found that TSE 
sequence was more effective in obtaining high quality 
images. Similar findings were also reported before be-
cause T2

*-weighted GRE sequences are more sensitive to 
motion artifacts such as breath[30,32], which can com-
promise image quality. T2-weighted TSE sequence was 
chosen for the whole study. To compare the signal inten-
sity changes of liver, we kept sequence parameters TR 
(1000 ms) and TE (80 ms) unchanged for all animal 
scans. Liver images were taken before and up to 16 days 
after contrast agent administration (Figure 6(a)). The 
darkening of liver tissues is obvious comparing with the 
brightening of gallbladder from 5 min to other time 
points after tail vein injection of Dex-g-PCL/SPIO 
nanocomposite solutions.  

Average relative liver signal intensities (SI) are plot-
ted at different time points in Figure 6(b). Relative SI 
change was defined as enhancement (ENH) and was 
calculated as the difference between SI pre and SI post 
divided by SI pre multiplied with −100 (ENH [%] = ((SI 
pre-SI post)/SI pre)*(−100)) according to a previous 
study[33]. Significant liver contrast enhancement was 
found immediately (5 min) after injection of composite 
micelles with about −60% SI change. The mean values 
of SI recovered to 51%, which was −49% change at 3 
hours after injection, and approached to 56% at 24 hours. 
The liver SI changes gradually decreased with the elapse 
of time. Finally, the SI returned to the baseline 16 days 
after administration of SPIO micelles. In comparison, 
the clinically approved liver contrast agents Feridex and 
Resovist could also bring significant signal changes in a 
short time after SPIO injection[30,34]. It was reported that 
liver SI significantly dropped (ENH: −57.7%) 10 min 
after injection of Resovist (ferucarbotran), and there 
were no differences in diagnostic performance with im-
ages obtained 10 and 40 min after injection[30,35]. The 
significant SI changes brought by our formulation may 
found to be promising in discovering small focal hepatic  

 
Figure 6  (a) Mouse liver T2-weighted TSE images at different time 
points before and after administration of SPIO micelles; (b) mean 
values of relative SI collected before and after micelle administra-
tion. 
 
lesions. 

The time window of Dex-g-PCL/SPIO based contrast 
agents can last up to 12 days with obvious SI changes. 
Clinical studies have revealed that the time window for 
Resovist contrast-enhanced MRI of liver is at least 1 day 
and can reach 4 days on different patients, while Feridex 
can last up to one week[30]. The imaging contrast of liver 
brought by SPIO agents have long been believed to be 
based on RES cell uptake of iron oxide nanoparticles[31]. 
Many factors influence the pharmacokinetics of the 
formulation including particle size, surface coating ma-
terial, surface charge density, etc., thus determining how 
long particles can circulate in the blood and how they 
will interact with Kupffer cells. The coating on Feridex 
is dextran and carboxydextran for Resovist, similar to 
the coating material of Dex-g-PCL/SPIO nanocompo-
sites. For tissue samples obtained within four hours of 
contrast agent administration, only a few blue dots could 
be found in Prussian blue stained liver and spleen slides, 
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suggesting that contrast effect was mainly dependent on 
the particle distribution in extracellular space including 
blood. In comparison, more iron staining was discovered 
for 24 h tissue samples (Figure 7(a)) and they were 
mostly in Kupffer cells. This means that at longer time 
points, the contrast enhancement of liver tissues will 
mainly depend on the RES uptake and some from the 
extracellular volume. Similar results of RES uptake 
were reported before for ferumoxtran in rats at the dose 
of 150 μmol Fe/kg, because RES accumulation of iron 

 

 
Figure 7  Histology slides of samples 24 hours after contrast agent 
administration. (a) and (b) Prussian blue and HE histology figures of 
adjacent liver tissue slides (magnification: 400×); (c) and (d) Prus-
sian blue and HE histology figures of adjacent spleen tissue slides 
(magnification: 400×). WP = white pulp; RP = red pulp; arrows are 
pointing to Prussian blue stains. 

peaked between 8 and 24 hours[36]. In spleen slides, 
Prussian blue stained dots are mostly in red pulp and 
barely in white pulp (Figure 7(c)), because the macro-
phages in red pulp has the ability to uptake and remove 
nanoparticles[37]. The exact iron transport and metabo-
lism mechanism is not clear for this formulation. For 
carboxydextran or dextran coated iron oxide nanoparti-
cles such as Resovist or Feridex, hydrolytic enzymes 
were found to degrade intracellular SPIO particles, 
making the iron lose its crystalline structure and causing 
a loss of r2 relaxivity[24]. 

3  Conclusions 

In summary, superparamagnetic iron oxide (SPIO) 
nanocrystals were synthesized in organic phase and then 
stabilized in water with the help of PCL-grafted dextran 
(Dex-g-PCL). Multiple SPIO nanoparticles were loaded 
into Dex-g-PCL micelles with mean diameter below 100 
nm. This novel formulation was superparamagnetic at 
room temperature and the T2 relaxivity reached 363 Fe 
mL·mol−1s−1, much higher than that of most commercial 
contrast agents. MRI study in vivo indicated that 
T2-weighted signal intensity in mouse liver dropped to 
40% at 5 minutes after tail vein administration and the 
time window for enhanced-MRI was at least 12 days. 
This nanocomposite formulation may prove to be sensi-
tive in discovering small liver lesions. 
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