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Evaluation of the uptake function of liver in rats
with obstructive jaundice before and after relief
from obstruction by superparamagnetic iron
oxide-enhanced magnetic resonance imaging
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Abstract. The aim of this study was to investigate the changes
in the uptake function of the liver in rats with obstructive
jaundice prior to and following relief from obstructive jaun-
dice, and to investigate whether superparamagnetic iron oxide
(SPIO)-enhanced magnetic resonance imaging (MRI) could
be used to assess liver uptake function. In total, 40 male
Sprague Dawley rats were randomly assigned into four groups:
Obstructive jaundice, internal drainage, external drainage and
sham surgery. The common bile ducts in the obstructive jaun-
dice group were ligated. Internal drainage (ID) and external
drainage (ED) groups were ligated, followed by internal
drainage or external drainage, respectively. The T2 and T2*
values of the liver parenchyma were measured. Liver sections
were stained with Perls' Prussian blue, and hematoxylin and
eosin. The number of SPIO-nanoparticle clusters was counted
manually using a microscope. Total bilirubin of the blood was
measured. Results showed that the T2 and T2* values and total
bilirubin of the obstructive jaundice group were significantly
higher compared to the other three groups. The number of
SPIO-nanoparticle clusters in the obstructive jaundice group
was significantly lower compared to the other three groups. In
conclusion, obstructive jaundice suppresses liver uptake func-
tion in rats, which may be reversed by internal and external
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biliary drainage. However, no significant difference was found
between the therapeutic effect of ID and ED on liver uptake
function. Thus, SPIO-enhanced MRI may be used to evaluate
the uptake function of the liver.

Introduction

Patients with obstructive jaundice (OJ) are at high risk of
postoperative complications (1,2), such as endotoxemia, renal
failure, and even mortality. OJ is associated with dysfunction
of liver uptake function (3). Several previous studies have
shown that the liver uptake function was severely suppressed
in patients and rats with biliary obstruction (4-6). Usually OJ
is depressed by internal drainage (ID) or external drainage
(ED), but it is indeterminate whether there is any difference
between the effects of ID and ED on liver uptake function.

Superparamagnetic iron oxide (SPIO) is a liver-specific
magnetic resonance imaging (MRI) contrast agent. The
technique relies on the ability of the liver to take up SPIO
particles (7,8). The current clinical application of SPIO is
mainly to detect hepatocellular carcinoma (9-11), and few
studies are available on the application of SPIO in OJ (12).

This study investigated whether the SPIO-enhanced MRI
could be effectively used to evaluate the liver uptake function
in OJ rats, and consequently revealed the effect of ID and ED
on liver uptake function.

Materials and methods

Animals. In total, 40 male Sprague Dawley rats weighing
300-400 g were used in this study. The animals were housed
in a specific-pathogen-free environment in the Laboratory
Animal Service Center of Capital Medical University, and fed
with standard rat chow. The animals were randomly divided
into four groups: Sham surgery (SH, n=10), OJ (n=10), ID
(n=10), ED (n=10). The laparotomy in all groups was made
through a 4-5 cm upper middle abdominal incision. The
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following protocol was applied: i) SH group: Common bile
duct was only divided. ii) OJ group: The common bile duct
was ligated twice with 5/0 silk. iii) ED group: A 19G (approxi-
mately 1 mm in diameter) epidural catheter was inserted
into the common bile duct, and the other end of the catheter
exteriorized at the nape of the neck through the subcutaneous
channel. The outlet of the catheter was ligated for 14 days
and then drained for 14 days. iv) ID group: One catheter was
inserted into the common bile duct. Another catheter was
inserted into the jejunum, and the outer end of the catheter
was also exteriorized at the nape of the neck. The outlets of
the common bile duct catheter and the jejunum catheter were
connected by an elastic tube. The tube was ligated for 14 days.
On the 15th day, the ligation was removed and drainage lasted
for 14 days. Two of the 40 animals died during the study. One
was in the ID group, and the other was in the ED group.

The SH and OJ group were scanned by SPIO-MRI, and
sacrificed for liver and blood collection 14 days following
surgery. The same procedure was applied in the ID and ED
groups after 14 days of drainage. The study was approved by
the Ethics Committee of Beijing Chaoyang Hospital

SPIO contrast agent. Resovist (Schering Ag, Germany) was
used as the SPIO contrast agent, and is a hydrophilic colloidal
solution of SPIO coated with carboxydextran, which forms
ferucarbotran. The diameter of the nanoparticle is 62 nm. The
contrast agent was administered via a tail vein or femoral vein
(30 umol Fe/kg).

MRI scan. Anesthesia was induced with an intraperitoneal
injection of 10% chloral hydrate (3.5 ml/kg) (made by Beijing
Chaoyang Hospital). The rats were placed in a plastic container
to restrict the respiratory movement. The MRI was performed
with a 1.5-T superconducting imaging system (Signa HDx
1.5T; GE Healthcare, Waukesha, WI, USA) 1 h following the
administration of SPIO. Scout images were obtained first.
The T2 value was acquired by the T2 mapping sequence with
15 readout echoes: TR = 1025 ms, first TE/ATE = 7.8/7.8 ms,
flip angle = 30°, FOV = 80x80 mm, scan matrix = 160x128,
slice thickness = 3.0 mm, bandwidth =31.25 Hz, NEX =4. The
scan time was 8 min 44 sec. The T2* value was obtained by the
T2* mapping sequence with 15 readout echoes: TR = 150 ms,
first TE/ATE = 2.6/4.4 ms, flip angle = 20°, FOV = 80x80 mm,
scan matrix = 128x128, slice thickness = 3 mm, bandwidth =
31.25 Hz, NEX = 2. The scan time was 2 min 38 sec.

Analysis of MRI data. The T2 and T2* value analysis was
performed with MRI workstation packaged software: func-
tool-T2MAP. The region of interest (ROI) boxes were oval
and placed in both the right and left lobes of the liver. The
ROIs were selected to be as large as possible, with exclusion
of any focal hepatic lesions and major branches of the portal
and hepatic veins. The ROI boxes were placed on three slices
through the center of the liver, and the mean T2 and T2* values
of the right and left lobe were calculated, respectively.

Kupffer cells in liver sections. Each liver was fixed with 10%
formalin. Liver sections were stained with hematoxylin and
eosin (H&E) and Perl's Prussian blue. Hepatic lobule structure
and SPIO nanoparticles were observed and imaged under a
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microscope (Olympus microscope, BX41). The number of
SPIO-nanoparticle clusters was counted manually in three
high-power fields (x200), and the mean was calculated.

Statistical analysis. Data were shown as the means + stan-
dard deviation (SD). Statistical analysis was performed using
SPSS version 17.0 for Windows (Chicago, IL, USA). One-way
ANOVA followed by Tukey's honestly significant difference
(HSD) test, Kruskal-Wallis test and Mann-Whitney U test
were used to evaluate statistical significance. P<0.05 was
considered to indicate a statistically significant difference.

Results

T2 and T2* values. In order to determine the uptake func-
tion of the liver, T2 and T2* values were evaluated (Fig. 1).
These values are quantitative parameters for liver parenchyma,
which can be reduced by SPIO nanoparticles. The T2 values
in the OJ group are significantly higher (44.3+2.2) than in
the other groups. There was a significant decrease of the T2
values in the SH (25.7+£2.4), ID (27.9+3.3) and ED (28.5+2.7)
groups (P<0.001). In a similar manner the T2* value in the
SH (0.6+0.4), ID (0.4+0.3) and ED (0.8+0.5) groups decreased
significantly, whereas the T2* value in the OJ group was
significantly higher (12.6+1.8; P<0.001) (Fig. 2).

Liver section and SPIO nanoparticle clusters. Photomicro-
graphs of liver tissue stained by H&E revealed the histological
structure of the liver. The OJ group showed the typical obstruc-
tive jaundice histological changes: proliferation of bile
ductules, neutrophil infiltration in sinusoid, hepatic lobule
reconstruction and intracellular bile retention. The histological
changes in the ID and ED groups were much milder than in the
OJ group (Fig. 3).

The liver section stained by Perls' Prussian blue revealed
the number of SPIO nanoparticle clusters (Fig. 4). The number
of SPIO nanoparticle clusters in the OJ group (4.2+1.3) was
significantly lower than in the other three groups (P<0.001)
(Fig. 5). No SPIO-nanoparticles were identified in certain OJ
group sections.

Total bilirubin. Total bilirubin was used to assess the severity
of OJ (Fig. 6). The total bilirubin in OJ (149.1+36.7 ymol/l)
rats was significantly higher (P<0.001) than in the other
groups. No significant difference was found among the SH
(6.4+2.3 pmol/1),ID (9.4+2.3 pymol/l) and ED (18.6+8.8 pmol/l)
groups.

Discussion

OJ patients have an increased risk of complications and
mortality. Liver uptake dysfunction is important in these
processes. It is responsible for the clearance of bacteria and
lipopolysaccharides from the intestines. Several studies in
the past have shown that the uptake function of the liver was
severely suppressed in patients and rats with biliary obstruc-
tion (4-6). In the above-mentioned studies, the vascular
clearance method was used to evaluate liver uptake func-
tion. A series of different test particles, including, synthetic
dyes, colloidal carbon and radiolabelled bacteria have been
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Figure 1. T2 and T2* values reflect T2 transverse relaxation time and T2* relaxation time, respectively. A multiecho technique was used to measure T2 and
T2* values. 1) Original data images. 2) The signal intensity of each region of interest was fitted to one exponential. 3) A color map represented the variations in
relaxation time. (A) OJ group; (B) SH group; (C) ID group; (D) ED group. OJ, obstructive jaundice; SH, sham surgery; ID, internal drainage; ED, external drainage.

used. However, these methods are invasive or radiologically
harmful, and cannot be applied clinically. Therefore, this
study was designed to use SPIO-enhanced MRI to assess the
liver uptake function.

SPIO is a liver-specific MRI contrast agent. The agent is
capable of shortening the T2 transverse relaxation time and
T2* relaxation time of liver, so that the T2 and T2* values
decrease. Previously, SPIO was mainly used to differentiate
hepatocellular carcinoma from benign focal lesions. Recently,
some investigators have assessed the application of SPIO in
certain diffuse diseases, such as non-alcoholic fatty liver
disease, liver cirrhosis or fibrosis (13-15). These studies
showed that following the administration of SPIO, the signal
in the model group exhibited a significantly lower reduc-
tion compared to the normal group. The signal in the severe
disease group showed a lower reduction compared to the mild
group. This phenomenon was repeated in animal models and
patients. These studies indicated that diffuse liver diseases
impair liver uptake function, which may be identified by
SPIO-enhanced MRI.

T2 and T2* values of the liver in the OJ group are signifi-
cantly higher than in the other groups. This suggested that
there were less SPIO-nanoparticles in the liver parenchyma
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Figure 2. The T2 and T2* values were decreased by SPIO nanoparticles. The
higher T2 and T2* values suggested fewer SPIO-nanoparticles in the liver
parenchyma. The T2 values in the OJ group are significantly higher ("P<0.001,
by one-way ANOVA and Tukey's HSD test) than in the other groups. Similarly,
the T2* value in the OJ group was significantly higher (12.6+1.8; “P<0.001,
by Kruskal-Wallis test and Mann-Whitney U test) than the other groups.
SPIO, superparamagnetic iron oxide; OJ, obstructive jaundice; HSD, honestly
significant difference.
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Figure 3. Photomicrographs of H&E-stained tissue slices (x200). (A) SH group. Hepatic lobules and bile ductules were intact. Black arrow, normal bile
ductules. (B) OJ group. Photomicrographs showed the typical obstructive jaundice histological change. White arrow, proliferation of bile ductules; white
arrow head, neutrophils are hardly observed in normal situations, indicating an inflammation reaction in the liver. Hepatic lobules cannot be identified. (C)
ID group. (D) ED group: The histological changes were much milder than the OJ group. Proliferation of bile ductules was much milder (white arrow). Some
hepatic lobules were evident; neutrophils were rarely observed. H&E, hematoxylin eosin; OJ, obstructive jaundice; SH, sham surgery; ID, internal drainage;
ED, external drainage.

Figure 4. Photomicrographs of Perls' Prussian blue-stained liver slices (x200). Blue dots are the SPIO nanoparticles. (A) SH group; (B) OJ group; (C) ID group;
(D) ED group. Black arrow: The blue spots were numerous and dense in the SH, ID and ED groups; white arrow: The blue spots were rare and light in the OJ
group. SPIO, superparamagnetic iron oxide; OJ, obstructive jaundice; SH, sham surgery; ID, internal drainage; ED, external drainage.
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Figure 5. The number of SPIO nanoparticle clusters in liver sections reflects
the liver uptake function. SPIO nanoparticle clusters in the OJ group were
significantly lower than in the other three groups ("P<0.001, by one-way
ANOVA and Tukey's HSD test). SPIO, superparamagnetic iron oxide;
0OJ, obstructive jaundice; HSD, honestly significant difference; SH, sham
surgery; ID, internal drainage; ED, external drainage.
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Figure 6. Total bilirubin was used to the assess the severity of OJ. The total
bilirubin in OJ rats was significantly higher than that in the other groups
("P<0.001, by Kruskal-Wallis test and Mann-Whitney U test). OJ, obstructive
jaundice; SH, sham surgery; ID, internal drainage; ED, external drainage.

due to the depression of liver uptake function (16,17). There
were much fewer SPIO-nanoparticles observed in the OJ group
liver sections than in the other three groups. Additionally, no
SPIO-nanoparticle clusters were observed in many areas of the
OJ group section. There was no significant difference between
the ID group and ED group when the T2 value, T2* value and
the number of SPIO-nanoparticle clusters were compared. No
significant differences were found between the therapeutic
effect of ID and ED on liver uptake function.

In Perls' Prussian blue staining of liver sections, SPIO-
nanoparticles taken up by liver are shown as blue dots. Thus,
the number of blue dots in liver sections reflects the liver

225

uptake function. The number of blue dots was counted and
normalized for each sample, which was used as the standard
method to assess the uptake function of the liver in our study.

The total bilirubin and histological changes of liver
sections showed that the OJ model and the drainage model
were successful. The total bilirubin of the OJ group was
significantly higher than that of the SH group. No significant
difference was observed among the total bilirubin of the ID,
ED and SH groups. The photomicrographs of the H&E-stained
tissue slices showed typical obstructive jaundice histological
characteristics. In the ID and ED groups, the histological find-
ings were much milder. The obstructive jaundice historical
changes in the ID and ED groups partially reversed, indicating
histological reverse following functional recovery.

Previous studies have proven that biliary decompression
improved liver uptake function (4-6). In the present study,
SPIO-enhanced MRI also confirmed this phenomenon. No
significant difference was found between the ID and ED
groups when the T2 and T2* values were compared. Clements
et al reported that rats undergoing internal biliary drainage
had a significantly increased liver uptake function compared
with the rats treated by ED (18). We attributed the difference
between the two studies to the different drainage models used.
In our study, rats in the ID and ED groups underwent a single
surgical procedure. The biliary obstruction and decompres-
sion were obtained by obstructing and releasing the catheter
placed outside the rats. This procedure minimized the effect of
surgery on rats. In Clements ez al's study, the biliary obstruction
and decompression were obtained by laparotomy performed
twice. There were two control groups in their study: sham/ED
and sham/ID. The rats of these two groups underwent ED or
ID procedures, respectively, without OJ. Their results showed
that the liver uptake function of the sham/ED group was lower
than the sham/ID group. Therefore, we assumed that their ED
surgery may depress the liver uptake function.

In this study, we found that: i) SPIO-enhanced MRI could
be used to assess the liver uptake function in certain liver
conditions, such as OJ, and patients underwent biliary relief;
ii) OJ suppresses liver's uptake function in rats. Internal and
external biliary drainage is capable of reversing the change in
the uptake function of Kupffer cells. Our study did not show a
significant difference between the therapeutic effect of ID and
ED on liver uptake function. This suggests that ED may be
enough for OJ patients clinically.
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