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Abstract

AIM

To develop a novel rat model of heterogeneous hepatic
injury.

METHODS

Seventy male Sprague-Dawley rats were randomly divided
into a control group (/7 = 10) and a colchicine group (7 =
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60). A 0.25% colchicine solution (0.4 mL/kg) was injected
via the splenic vein in the colchicine group to develop
a rat model of heterogeneous hepatic injury. An equal
volume of normal saline was injected via the splenic vein
in the control group. At days 3, 7, and 14 and weeks 4,
8, and 12 after the operation, at least seven rats of the
colchicine group were selected randomly for magnetic
resonance imaging (MRI) examinations, and then they
were euthanized. Ten rats of the control group underwent
MRI examinations at the same time points, and then were
euthanized at week 12. T2-weighted images (T2WI) and
diffusion weighted imaging (DWI) were used to evaluate
the heterogeneous hepatic injury. The heterogeneous
injury between the left and right hepatic lobes was as-
sessed on liver sections according to the histological
scoring criteria, and correlated with the results of MRI
study.

RESULTS

Obvious pathological changes occurred in the hepatic
parenchyma in the colchicine group. Hepatic injury
scores were significantly different between the left and
right lobes at each time point (P < 0.05). There was a
significant difference in apparent diffusion coefficient
(ADC) of DWI and liver-to-muscle ratio (LMR) of T2WI
between the left and right lobes of rats in the colchicine
group (P < 0.05) at each time point, and similar results
were observed between the colchicine and control groups.
Besides, there was a significant correlation between
hepatic injury scores and ADC values or LMR (r = -0.682,
P =0.000; r = -0.245, P = 0.018).

CONCLUSION

Injection with colchicine via the splenic vein can be
used to successfully develop a rat model of hetero-
geneous hepatic injury. DWI and T2WI may help eva-
luate the heterogeneous injury among liver lobes.

Key words: Heterogeneous hepatic injury; Rat model;
Colchicine; T2-weighted images; Diffusion weighted
imaging

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, injection with colchicine via the
splenic vein is shown to successfully develop a rat model
of heterogeneous hepatic injury. Obvious pathological
changes occurred in the hepatic parenchyma in the
colchicine group. A significant difference was observed
in liver injury scores, apparent diffusion coefficient
values, and liver-to-muscle ratios of T2-weighted images
(T2WTI) between the left and right lobes in the colchicine
group (P < 0.05). Our study suggested that diffusion
weighted imaging and T2WI can be used to evaluate the
heterogeneous injury among liver lobes.

Zhang Y'Y, Zhang CX, LiY, Jiang X, Wang YF, Sun Y, Wang J, Ji
WY, Liu Y. Development of a novel rat model of heterogeneous
hepatic injury by injection with colchicine via the splenic vein.
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INTRODUCTION

Heterogeneous hepatic injury is often manifested in pa-
tients with hepatic tumors, especially those accompanied
by hepatitis and cirrhosis. Estimation of total and regional
hepatic function is essential for preventing postoperative
liver failure and devising an effective treatment plan for
patients with hepatic tumors!"!, The current technological
limitations that preclude whole-organ assessment of
heterogeneous hepatic injury present a clinical chal-
lenge. Unfortunately, the lack of an ideal animal model
of heterogeneous hepatic injury has hindered the devel-
opment of such assessment methods'?. Therefore, it is
urgent to establish a practical and reproducible animal
model of heterogeneous hepatic injury to provide a
manipulable in vivo tool for future development of simple,
safe, and effective whole liver assessment methods.

Several animal models have been established to eva-
luate liver function, but they are limited in their ability to
reflect homogeneous hepatic injury. The most popular
of these models induce hepatic injury subcutaneous in-
jection with a mixture of CCls and olive oil to induce hepa-
tic injury™ and daily gavage with colchicine consecutively
for 4 wk (in mice)™.

Colchicine is an antimitotic cytotoxic agent derived
from the Colchicum autumnale plant. Although the
exact mechanism of hepatotoxicity of colchicine remains
unclear, in the present study we injected rats with colchi-
cine via the splenic vein to develop a practical model of
heterogeneous hepatic injury. The heterogeneous injury
between the left and right hepatic lobes was assessed on
liver sections according to the histological scoring criteria,
which was then correlated with the results of magnetic
resonance imaging (MRI) using the sequences reported
for evaluating hepatic injury™®.

MATERIALS AND METHODS

Compliance with ethical requirements

All experimental procedures were performed in accor-
dance with the Guide for the Care and Use of Laboratory
Animals published by the National Institutes of Health.
This study was approved by the animal care committee
of our university.

Animals and grouping

Seventy male Sprague-Dawley rats of SPF grade,
weighing 280 * 20 g, were purchased form Changsheng
Laboratory, Benxi, Liaoning (certification number:
SCXK-2015-0001). Before the start of experiments, the
rats were fed normally in separated cages. The animals
were randomly divided into a control group (n = 10)
and a colchicine group (n = 60). All animals were fed a
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Figure 1 Development of a rat model of heterogeneous hepatic injury.
After anesthesia and splenic vein dissection, 0.25% colchicine at a dose of 0.4
mL/kg was injected via the splenic vein.

standard diet before the operation.

Induction of heterogeneous hepatic injury in rats

All rats were fasted for at least 6 hours before the
operation. Pentobarbital sodium (1%; 40 mg/kg) was
injected intraperitoneally for anesthesia. For rats in the
colchicine group, after opening the peritoneal cavity,
0.25% colchicine (Nanjng Zelang Medical Technology Co.
Ltd., Nanjing, China; purity: > 98%; injection rate: 0.1
mL/s) was injected at a dose of 0.4 mL/kg via the splenic
vein. For rats in the control group, the peritoneal cavity
was opened similarly and an equal volume of normal
saline was injected via the splenic vein (Figure 1). After
the operation, all animals were fed a normal diet. Twelve
rats in the colchicine group died after 24 h and were
excluded from further experiments.

MRI procedure

At days 3, 7, and 14 and week 4 after the operation,
seven rats of the colchicine group, and at weeks 8 and
12, ten rats of the colchicine group were randomly
selected for MRI examinations, and then the rats were
euthanized by over-anesthesia. One rat died from an
overdose of anesthetic at week 8, and a second one died
at week 12. Ten rats of the control group underwent
MRI examinations at the same time points, and were
euthanized at week 12 after MRI examinations. Liver
tissue was fixed in 4% paraformaldehyde.

Prior to MRI examinations, the selected rats were
fasted for about 8 h. After anesthesia by intraperitoneal
injection with 1% pentobarbital sodium (40 mg/kg), MRI
was performed using a GE Signa HDxT 3.0T magnet
scanner with a wrist coil. The detailed scanning settings
are as follows: T2-weighted images (T2WI): TR, 3840
ms; TE, 85 ms; field of view, 14 cm; NEX, 4; matrix, 256
x 192; slice thickness, 3 mm; flip angle, 90°; scan time,
3 min and 12 s; and diffusion weighted imaging (DWI): b
= 500 s/mm?; TR, 5000 ms; TE, 77.3 ms; field of view,
14 cm; NEX, 2; matrix, 128 x 128; slice thickness, 3
mm; flip angle, 90°; scan time, 40 s.

Image analysis
Image analysis was performed independently by two
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radiologists with more than 5 years of clinical experience,
who were blinded to the histopathologic results. The
largest regions of interest (ROIs) as possible were
defined in both the left and right lobes of the liver in
three successive slices on T2WI and apparent diffusion
coefficient (ADC) maps, and the vessels and artifacts
were excluded when positioning the ROI. The signal
intensities of the erector spinae muscles on T2WI were
detected on the same slices simultaneously, and the
average values of these measurements on the three
successive slices were calculated. Based on the average
values, the liver-to-muscle ratio (LMR) on T2WI, ALMR
(the difference of LMR on T2WI between the left and
right lobes of the liver), and AADC (the difference of ADC
values between the left and right lobes of the liver) were
calculated™®.

Liver histopathology

Liver tissue was fixed, paraffin-embedded, and sliced
(5.0 um). After conventional hematoxylin and eosin
(H&E) staining, the sections were examined under a
light microscope. Masson’s trichrome staining was used
to assess fibrosis. Scoring for liver injury was conducted
according to the following criteria: no hepatocellular
necrosis, edema, or inflammatory cell infiltration, 0;
mild, 1; moderate, 2; severe, 3. Liver fibrosis was scored
as no fibrosis, 0; fibrous portal expansion, 1; bridging
fibrosis, 2; bridging fibrosis with architectural distortion, 3;
liver cirrhosis, 4°%,

Statistical analysis

Data are expressed as mean * standard deviation.
Normal distribution was assessed by the Kolmogorov-
Smirnov test. Differences in liver injury, ALMR, and
AADC between the two groups were compared using
the Student’s t-test or Mann-Whitney U-test. Statistical
significance was defined as P < 0.05. Correlations
between LMR, ADC values, and liver injury scores in the
colchicine group were assessed using the Spearman’s
correlation coefficient by rank test. Statistically significant
correlations were defined as P < 0.05.

RESULTS

Postoperative status

All animals awoke within 1 h after the operation. Rats
in the colchicine group exhibited fatigue, reduced food
and water consumption, and slow movement after the
operation. Although the activity of rats in the control
group was slightly decreased, their general state was
normal upon awaking. Rats in the control group all
survived the operation. Twelve rats in the colchicine
group did not survive the procedure and died after
24 h of the operation. One rat died from an overdose of
anesthetic at week 8 wk during the MRI examination,
and a second one died at week 12.

Pathology
There were no obvious pathological changes of rat liver
tissue in the control group under a light microscope.
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Left lobe, H&E Right lobe, H&E Left lobe, Masson's trichrome Right lobe, Masson's trichrome

Figure 2 Histopathological changes of the liver (x 100). H&E staining of sections of the left lobe (1% column) and right lobe (2" column) of the liver, and Masson’
s trichrome staining of sections of the left lobe (3“ column) and right lobe (4" column) of the liver were performed in the control group (1% row) and at each time point
after injection of colchicine (2" to 7" rows). No obvious pathological changes were observed in the control group. The hepatic injury was different between the left and
right lobes at each time point. At day 3 after colchicine injection, there was massive inflammatory cells infiltration, hepatocellular edema, and mild liver necrosis. At day
14, reduced inflammation and increased necrosis were observed, while fibrosis was not detected. At week 4, cholestasis and early fibrosis were observed. At weeks 8
and 12, there was further fibrosis.
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Figure 3 Comparisons of hepatic injury scores between the left and
right lobes of rats in the colchicine group at each time point. Difference in
hepatic injury between the left and right lobes of colchicine group at each time
point was statistically significant (P < 0.05).

In the colchicine group, hepatocellular necrosis, inflam-
matory cell infiltration, hepatocellular edema, and liver
fibrosis were observed, accompanied by hepatic cord
disappearance and nuclear dissolution. At day 3 after
colchicine injection, there was massive inflammatory
cell infiltration, hepatocellular edema, and mild liver
necrosis, without apparent fibrosis. At day 14, reduced
inflammation and increased necrosis were observed,
while fibrosis was not detected. At week 4, cholestasis
and early fibrosis were observed. At weeks 8 and 12,
there was further fibrosis (Figure 2). Based on the
scoring criteria™®'”, hepatic injury scores were signifi-
cantly different between the left and right lobes at each
time point (P < 0.05, Figure 3).

Results of MRI

AADC between the right and left hepatic lobes differed
significantly between the colchicine group and the control
group (P < 0.05; Figure 4A). A statistically significant
difference was also noted in ALMR between the right and
left hepatic lobes from the T2WI of the colchicine group
compared to that of the control group at each time point (P
< 0.05; Figure 4B).

Relationship between pathology scores and MRI
variables

The relationship between ADC values and hepatic injury
scores is shown in Figure 5A. The ADC values decreased
as hepatic injury scores increased, and the correlation
was statistically significant (r = -0.682; P = 0.000). LMR
and hepatic injury scores also demonstrated a negative
correlation (r = -0.245; P = 0.018) (Figure 5B).

DISCUSSION

Patients who will undergo liver resection always exhibit
heterogeneous hepatic injury induced by chemotherapy,
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metabolic syndrome, or cirrhosis!***®, and this often
leads to postoperative liver failure, which has become
the leading cause of mortality after liver resectiont’*.,
Therefore, assessment of the uneven distribution of
hepatic function and prediction of reserved liver function
are essential for preventing postoperative liver failure!.
The development of a practical animal model of hetero-
geneous liver injury is the basis for further studies to
curtail or eliminate this dire situation. Although there
have been some animal models of hepatic injury, such as
administration of thioacetamide solution in drinking water
and a choline-deficient diet®” and subcutaneous injection
with a mixture of CCl« and olive oil®}, these models
show homogeneous hepatic injury and cannot be used
to investigate the heterogeneous liver injury condition
that exists in human patients. Therefore, it is urgent
to develop a simple, noninvasive, and reliable method
to estimate liver regional function in patients with liver
diseases.

In this study, we successfully developed an animal
model of heterogeneous liver injury by injection with
colchicine via the splenic vein in rats. The toxicity of
colchicine may affect all cells in the body and causes
multi-organ toxicity™". Colchicine binds to the intracellular
tubule, arresting its polymerization of alpha and beta
forms into microtubules. Proteins of the Golgi apparatus,
endocytosis, exocytosis, cellular shape, and motility are
therefore impaired. Mitosis is also disrupted in metaphase
because of compromised microtubule-dependent func-
tions in chromosome separation®?’!, Colchicine has
been used to induce conspicuous hepatotoxicity diseases
including liver necrosis and steatosis in animals'***. On
the other hand, it was found that portal vein blood, which
comes from the superior mesenteric vein and the splenic
vein, is unevenly distributed in different lobes of the liver
after merging into the portal vein. Thus, we injected
rats with colchicine via the splenic vein to introduce
inhomogeneous hepatic injury, and a statistically sig-
nificant difference in pathological changes between the
left and right hepatic lobes was observed. The histological
results showed heterogeneous hepatocellular necrosis,
edema, inflammatory cell infiltration, and liver fibrosis
after colchicine injection, as well as cord disappearance,
fibrous septa collapse, and nuclear dissolution. These
findings support the point that this rat model can be used
for future studies of hepatic injury, such as quantitative
analysis of regional liver function.

In this model, the pathological changes of hepatic
parenchyma mirrored the findings of previous studies',
namely, the decreased inflammation of hepatic paren-
chyma within 2 wk after colchicine injection and the
progressive, irreversible development of fibrosis. The
current gold standard for estimation of liver injury is
liver biopsy, yet liver specimens obtained by needle
biopsy represent only a very small part of the liver paren-
chyma''. Moreover, liver biopsy is associated with the
possibility of sampling errors, invasiveness, interobserver
variability, and risk of complications. Therefore, liver
biopsy is not practicable for estimating inhomogeneous
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Figure 4 Comparisons of the difference of apparent diffusion coefficient (A) and the difference of liver-to-muscle ratio (B) between the colchicine group
and the control group at each time point. Data are expressed as mean = standard deviation. A statistically significant difference was noted in AADC (A) and ALMR
(B) between the colchicine group and the control group (P < 0.05). ADC: Apparent diffusion coefficient; LMR: Liver-to-muscle ratio.

A
20 r=-0.682
P = 0.000
.
15}
Q
E
£
5 10
X
Q
[a)]
<<
0.5
[ ]
- ® : L
0.0 1 1 1 |
2 4 6

Hepatic injury score

LMR

10r r=-0.245
. . . P =0.018
“ H "
0.8 . . 1
i . . .
.
H ' : :
0.6 " . .
. 1
L] . ' .
i :
0.4 o
0.2+
! 1 1 .
0.0 | | | |
2 4 6 8

Hepatic injury score

Figure 5 Correlations between magnetic resonance imaging variables and hepatic injury scores based on the scoring criteria. ADC values and LMR
decreased as hepatic injury scores increased, and the correlations were statistically significant. ADC: Apparent diffusion coefficient; LMR: Liver-to-muscle ratio.

hepatic injury’®®. In addition, there are currently no
serum markers or clinical signs that can accurately
assess liver regional function”,

Recently, several MRI methods have been developed
to characterize the processes of various liver diseases
and grade the extent of liver disease®”. In addition,
several studies have confirmed the value of magnetic
resonance sequences in evaluating liver injury™®*®,
Therefore, in this study we used the T2WI and DWI to
assess heterogeneous liver injury in our model. The ADC
values from DWI can be used to measure the diffusion of
random molecular motions®®®., As such, in the early stage
of chemical hepatic injury, decreased ADC values may
reflect a reduced ratio of extracellular/intracellular water
volume caused by cytotoxic intracellular edema, as well
as decreased intracellular proton movement resulting
from energy loss. As fibrosis progresses, narrowed
sinusoids and restricted water mobility caused by accu-
mulation of collagen fibers, glycosaminoglycans, and
proteoglycan lead to even lower ADC values for the liver
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parenchyma. This is similar to other reports showing that
the ADC values decreased as liver disease progressed
and fibrotic scores increased™”. A previous study showed
that hepatic injury resulted in increased T2 relaxation
time and heightened T2WI sensitivity to necrosis™".
Others also reported that T2WI can be used to monitor
in vivo hepatotoxicity over time®, In our study, the
difference of histological changes between the left and
right lobes caused by uneven injury was reflected by
LMR calculated from T2WI and ADC value from DWI.
Both ADC values and LMR decreased as hepatic injury
scores increased, and the correlations were statistically
significant. The correlation coefficient between the ADC
value and hepatic injury score was significantly higher
than that between the LMR and hepatic injury score.
The results of this study support the notion that both
ADC value and LMR are potentially useful for evaluating
heterogeneous hepatic injury.

There are several limitations to the present study that
must be considered when interpreting or generalizing
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our findings. First, the stability of uneven hepatic injury is
influenced by individual differences of animals. Second,
none of the MRI parameters was obtained over time
to evaluate longitudinal changes. Third, although the
ADC value from DWI enables noninvasive prediction
of heterogeneous hepatic injury, it is limited by its
relatively poor spatial resolution. Further studies are
needed to explore other techniques such as gadolinium-
ethoxybenzyl-diethylenetriamine pentaacetic acid-en-
hanced MRI, T1 mapping, and T2 mapping for assessing
regional liver function in this model”**?,

In summary, a novel rat model with uneven hepatic
injury has been developed by injection with colchicine
via the splenic vein. Data generated using this model
suggested that DWI and T2WI can potentially evaluate
heterogeneous injury between liver lobes.
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ARTICLE HIGHLIGHTS

Research background

Heterogeneous hepatic injury is often exhibited in patients who will undergo
liver resection, especially those accompanied by hepatitis and cirrhosis.
Assessment of uneven hepatic function is essential for preventing postoperative
liver failure. Until now, there has been no simple, safe, and effective method to
evaluate heterogeneous hepatic injury due to the absence of an ideal animal
model.

Research motivation

The development of a practical, reproducible animal model of heterogeneous
hepatic injury is the basis for future studies that will ultimately benefit human
clinical practice. In the present study, a novel rat model was established by
injection with colchicine via the splenic vein, aiming at developing a practical
model of heterogeneous hepatic injury. The heterogeneous injury between
the left and right hepatic lobes was assessed on liver sections according to
the histological scoring criteria, which was then correlated with the results of
magnetic resonance imaging (MRI) using the sequences reported for evaluating
hepatic injury.

Research objectives

To develop a practical rat model of heterogeneous hepatic injury which can be
used for the future studies into human clinical parameters, such as quantitative
analysis of the regional liver function, by injection with colchicine via the splenic
vein.

Research methods

Seventy male Sprague-Dawley rats were randomly divided into a control group
and a colchicine group. Colchicine (0.25%) was injected via the splenic vein to
develop a rat model of heterogeneous hepatic injury. An equal volume of normal
saline was injected via the splenic vein in the control group. After the operation,
rats of the colchicine group were selected randomly for MRI examinations. Rats
of the control group underwent MRI examinations. T2-weighted images (T2WI)
and diffusion weighted imaging (DWI) were used to evaluate the heterogeneous
hepatic injury. The heterogeneous injury between the left and right hepatic
lobes was assessed on liver sections according to the histological scoring
criteria, which was then correlated with the results of MRI study.

Research results

Obvious pathological changes of hepatic parenchyma were observed over
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time in the colchicine group. Hepatic injury scores were significantly different
between the left and right lobes at each time point. There was a significant
difference in apparent diffusion coefficient (ADC) of DWI and liver-to-muscle
ratio (LMR) of T2WI between the left and right lobes in the colchicine group at
each time point, and similar result was also observed between the colchicine
and control groups. Besides, there were significant correlations between
hepatic injury scores and ADC values or LMR. Some problems, such as the
stability of the uneven hepatic injury influenced by individual differences of
animals, and longitudinal changes that can be evaluated using MRI parameters
obtained over time, remain to be solved.

Research conclusions

In this study, it was found that injection with colchicine via the splenic vein can
be used to successfully develop a rat model of heterogeneous hepatic injury.
The results of this study support that DWI and T2WI can potentially evaluate
heterogeneous injury among liver lobes.

Research perspectives

Using this model, future studies are needed to explore other new techniques
for assessing the uneven distribution of hepatic function and predicting the
reserved liver function.
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