
Intraperitoneal injections as an alternative
method for micro-CT contrast enhanced

detection of murine liver tumors

Item Type Article

Authors Sweeney, Nathan; Marchant, Stephen; Martinez, Jesse D

Citation Sweeney, N., Marchant, S., & Martinez, J. D. (2019).
Intraperitoneal injections as an alternative method for micro-
CT contrast enhanced detection of murine liver tumors.
BioTechniques, 66(5), 214-217.

DOI 10.2144/btn-2018-0162

Publisher FUTURE SCI LTD

Journal BIOTECHNIQUES

Rights Copyright © 2019 Jesse D Martinez. This work is licensed
under the Attribution-NonCommercial-NoDerivatives 4.0
Unported License. To view a copy of this license, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

Download date 24/05/2023 20:12:50

Item License https://creativecommons.org/licenses/by-nc-nd/4.0/

Version Final published version

Link to Item http://hdl.handle.net/10150/634184

http://dx.doi.org/10.2144/btn-2018-0162
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://hdl.handle.net/10150/634184


www.BioTechniques.com214

Reports

 No. 5 | Vol. 66 | © 2019 Jesse D Martinez

ABSTRACT
Micro-computed tomography (micro-CT) 
coupled with tissue, or vascular, 
specific contrast agent has emerged 
as a powerful tool for detecting and 
monitoring tumor growth in the liver of 
murine animals. Intravenous injections 
of contrast agents can be technically 
challenging and lead to errors that can 
considerably influence the outcome of 
a preclinical study, prompting an alter-
native method. Here we assessed the 
effectiveness of intraperitoneal injec-
tions of polyiodinated triglycerides 
emulsions (Fenestra LC) in micro-CT 
imaging of young SCID (8 weeks) and old 
BALB/c (48 weeks) mice with xenograft 
or carcinogen-induced liver tumors, 
respectively, and determined an optimal 
acquisition time. Utilizing an intraperi-
toneal injection is a viable alternative 
administration route for using Fenestra in 
detection and quantification of murine 
liver tumor burden.

METHOD SUMMARY
We report that intraperitoneal injec-
tions of polyiodinated triglycerides 
emulsions are a suitable alternative to 
the intravenous administration route in 
detecting and quantifying murine liver 
tumor burden.

Contrast-enhanced micro-computed 
tomography (micro-CT) provides a 
promising approach for noninvasively 
studying models of human disease in vivo 
in small animals. Fenestra LC polyio-
dinated triglyceride emulsion is a contrast 
agent that has been used for micro-CT 
liver tumor imaging in mice and rats [1–3]. 
It is thought that the lipid spheres of 
Fenestra LC mimic chylomicron remnants 
and incorporate apolipoprotein E (APO-E) 
from plasma for selective targeting of 
hepatocytes, but not liver tumor cells 
since liver tumor cells do not contain the 
APO-E receptor [4,5]. Furthermore, data 
from Suckow et al. indicate that liver 
macrophage uptake of Fenestra LC is 
activated once hepatocyte uptake is 
saturated [6].

The typical administration route for 
Fenestra LC is with a tail vein intravenous 
(IV) injection. IV injections via the tail vein 
are technically challenging, involve failed 
attempts, and have been found to involve 
inter-technologist variability [7–9]. To 
circumvent these issues, we set out to test 
the efficacy of intraperitoneal (IP) injec-
tions as an alternative administration route 
for Fenestra LC in a murine tumor model. 
Previous investigators have reported 
success with a dual IV and IP injection 
method of Fenestra, but IP injections of 
Fenestra LC alone have never been tested 
to our knowledge [10,11].

In this paper, IP injections of Fenestra 
LC allowed for identification and quanti-
fication of murine liver tumors using 
micro-CT, and therefore they enable the 
same applications as with IV injections of 
Fenestra.

MATERIALS & METHODS
Carcinogenic tumors
Fifteen (n = 15) in-house male BALB/c mice 
(Jackson Laboratory, CA, USA, #00651) 
averaging 15.2 g received an IP injection 

of diethylnitrosamine (DEN; Sigma, 
#N0756) at 25 μg/g of body weight in saline 
at 15 days of age [12]. The mice were then 
administered 0.05% phenobarbital (Sigma, 
#P1636) through their drinking water at 
21 days of age, which continued until they 
were sacrificed. Mice were housed in an 
IACUC compliant facility (under protocol 
#14–431) with a 12-h day/night light cycle 
and had access to standard mouse chow 
and water ad libitum. All applicable institu-
tional and national guidelines for the care 
and use of animals were followed.

Xenograft tumors
Hep3B Cells were acquired from ATCC (VA, 
USA) and cultured in MEM-10% fetal bovine 
serum (NY, USA). The cells were maintained 
in an incubator at 37°C and 5% CO2 humid-
ified air. Four (n = 4) 5–6 weeks of age male 
SCID mice (Taconic, NY, USA, #CB17SC-M 
homozygous) were anesthetized with 
Isoflurane (Western Medical, CA, USA) and 
inoculated with 10 × 106 Hep3B cells in 
saline by performing a laparotomy injection 
in the splenic blood vessels at 9 weeks of 
age [13]. Mice were housed in an IACUC-
compliant facility (under protocol #07–029) 
as mentioned above but were given 
standard drinking water.

Micro-CT set-up
Mice were imaged using a Siemens Inveon 
micro-CT scanner (PA, USA), which is a 
variable zoom cone-beam x-ray CT system 
with the capacity to generate images with 
a spatial resolution of 20 microns over an 
8.4 cm × 5.5 cm field of view. Images were 
acquired at 55 kVp with an anode current 
of 500 and a shutter speed of 500 ms/
frame. Scans completed a full 360° rotation 
of the x-ray tube with 450 projections. 
Reconstructions were generated using the 
Feldkamp cone-beam algorithm. The axial 
field of view was set at 55.69 mm with an 
effective pixel size of 36.26 μm resulting 
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in a reconstruction image size of 
2048 × 3072 pixels. Final reconstructed data 
were analyzed using Inveon Research 
Workplace software.

Administration of contrast agent & 
micro-CT imaging
All mice were manually restrained with one 
hand and received a 0.5 ml sterile subcuta-
neous saline injection 24 h prior to imaging, 
followed by 10 ml/kg of the contrast agent, 
Fenestra® LC (MediLumine Inc., Montreal, 
Canada) 16 h prior to imaging for IP injec-
tions or 3 ml/kg of Fenestra LC 2 h prior to 
imaging for IV injections, both utilizing a 
27-gauge needle. Saline was given per 
manufacturer recommendation for better 
contrast agent tolerability. Manually 
restrained IP injections were injected in the 
lower right abdominal quadrant of the mice. 
The syringe plunger was withdrawn, and the 
needle hub was inspected for urine, blood 
or digesta. Mice were restrained in a plastic 
holder (Braintree Scientific, MA, USA) for IV 
(tail vein) injections. All mice were returned 
to their home cage until they were imaged. 
At the time of imaging, mice were placed in 
an induction chamber and anesthetized with 
4% isoflurane in 0.8–1 l/min of oxygen. The 
mice were then transferred to a respiratory 
pillow on the Inveon bed and kept under 

anesthesia with approximately 2% isoflurane 
in oxygen, depending on the rate of respi-
ration of the mouse. Images were acquired 
without respiratory or cardiac gating. The 
total scan time took 11 min with an estimated 
radiation dose of 80 mSv (PEN dosimeter, 
S.E. International, TN, USA).

Micro-CT image evaluation
As mentioned above, micro-CT images were 
analyzed and measured using Inveon 
Research Workplace software. Image 
measurements were determined by their 
average CT value (HU), which was deter-
mined by the mean voxel intensity from 
representative slices and locations within 
the liver, kidney or tumor. Images were 
blindly analyzed by four trained technicians, 
whose experience ranged from 4 to 25 years, 
to determine the reliability of the hepatobi-
liary segmentation process. The mean CT 
value and standard deviation were collected 
for every region of interest and compared 
between all the images.

Histology
DEN-exposed mice were euthanized with 
CO2 gas at 48 weeks post-initiation of 
treatment exposure. Mice with xenografts 
were euthanized with CO2 gas at 60 days 
post cell injection. The livers were harvested, 

washed in sterile saline, and photographed, 
then placed in 10% formalin for 24 h. Once 
fixed, the livers were transferred to 70% EtOH 
and stored at 4°C or embedded in paraffin. 
The whole livers from all animals were 
sectioned at 4 μm thickness and stained 
with hematoxylin and eosin and reviewed by 
a veterinary pathologist.

Statistics
Using Microsoft Excel (Microsoft, WA, USA) 
statistical significance was determined 
using a T-Test. Data are expressed as 
mean ± SD, and a p-value of ≤ 0.05 was 
considered statistically significant.

RESULTS & DISCUSSION
Liver & kidney attenuation in micro-CT 
images from IP injections
As an initial step towards optimizing IP injec-
tions, we injected 10 ml/kg of Fenestra LC; 
per manufacturer recommendations, into 
control BALB/c mice (n = 3) and evaluated 
image enhancement over time (pre-contrast, 
6, 16 and 24 h) using serial micro-CT images 
(Figure 1). We utilized the kidney as our 
control tissue because of the ease of identi-
fying it among other tissue surrounding the 
liver. Therefore, liver and kidney 
enhancement were measured at each time 
point, and the attenuation difference was 
compared. As expected, the baseline image 
(pre-contrast) showed a lack of contrast 
within the liver and surrounding soft tissues 
of the mouse (Figure 1A). At 6 h post-
injection contrast enhancement reached a 
signal intensity of 28.8 HU over liver baseline 
values and 1.7 HU over kidney baseline 
values (Figure 1B). Contrast enhancement 
reached a value of 101.33 HU over liver 
baseline values as well as 70.5 HU over 
kidney baseline values at 16 h post-injection 
(Figure 1C) which decreased thereafter 
(Figure 1D). The attenuation difference 
between the liver and kidney was significant 
at the 16-h time point with a p-value < 0.05 
(Figure 1E). There was no significant change 
in kidney enhancement over time.

Comparison of hepatobiliary contrast 
enhancement by route
We next compared the liver to tumor 
enhancement values for IP versus IV injec-
tions. We achieved micro-CT hepatobiliary 
contrast enhancement 16 h post IP (n = 6) 
injection or 2 h, per manufacturer recom-
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Figure 1. Serial coronal micro-CT images showing hepatobiliary contrast enhancement.  
(A) Baseline micro-CT image prior to the contrast agent. A 10 ml/kg intraperitoneal injection of 
contrast agent Fenestra LC was injected and micro-CT images were taken at (B) 6 h, (C) 16 h, and 
(D) 24 h post-injection. (E) The mean CT value of the liver and kidney at each time point. Error bars 
represent standard deviation.
*Significant difference in value between liver and kidney (p-value < 0.05).
White dashed line: Liver, St: Stomach, K: Kidney, Sp: Spleen, HV: Hepatic vein.
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mendation, post intravascular (n = 6) 
injection of the contrast agent into mice 
that were treated with DEN. Although 
lesions were visualized in micro-CT-
acquired images, classification of the 
lesions was determined by a veterinary 
pathologist post mortem. Liver and tumor 
enhancement was measured, and the atten-
uation difference was compared. The mean 
liver CT values were 575.25 ± 44.67 and 
520.58 ± 9.04 HU for the IP and IV contrast 
agent injections, respectively. The mean 
tumor CT values were 428.18 ± 47.31 and 
426.91 ± 22.14 HU for the IP and IV contrast 
agent injections, respectively. Therefore, 
the liver to tumor attenuation differences 
were 146.97 ± 2.64 and 93.67 ± 13.10 HU for 
the IP and IV contrast agent injections, 
respectively. The mean liver CT values were 
significant with a p-value of less than 0.05, 
while the liver to tumor attenuation differ-
ences were significant with a p-value of less 
than 0.001 (Figure 2).

Histopathology confirmed micro-CT 
detected lesions
In order to confirm that the imaging using 
contrast agent delivered by IP yielded 
suitable images, we first imaged mice that 
developed tumors as a consequence of 
being treated with DEN. Contrast-enhanced 
micro-CT detected a large lesion within the 
quadrate lobe of the liver from a mouse from 
the DEN-induced tumor model group 
(Figure 3A). The harvest confirmed the large 
1 × 1.5 cm liver lesion, which was photo-
graphed, then prepared for histopathology 
(Figure 3B). The large lesion was deter-
mined to be a hepatocellular adenoma with 
mild cellular hypertrophy and extensive 
telangiectasia (Figure 3C).

We used the same procedure to 
determine whether IP-administered contrast 
agent could detect xenograft liver tumors 
produced by injection of Hep3B cells into the 
liver. Contrast-enhanced micro-CT detected 
multiple lesions of various sizes throughout 
the liver (Figure 4A). The harvest confirmed 
multiple liver lesions that ranged from 
0.25 to 2 cm in diameter, which were photo-
graphed and prepared for histopathology 
(Figure 4B). The lesions were determined to 
be hepatocellular carcinoma with irregular 
margins that expanded and effaced normal 
hepatic architecture in multiple liver lobes 
(Figure 4C).

This study investigated IP injections of 
hepatobiliary contrast agent, Fenestra LC, as 
an alternative to IV injection for detecting and 
monitoring liver cancer in a murine model. IP 
injections were suitable for serial imaging as 
well as imaging mice at multiple time points, 
which would be ideal for longitudinal drug 
treatment experiments. Of the time points we 
tested (6, 16, 24 h) our results showed that 
a 16-h post-intraperitoneal injection image 
scan provided the best contrast in mice 
regardless of age or disease burden. These 
data combined with our observation that 
the quality of the micro-CT image obtained 
is comparable to that using IV injections 
makes IP injection a suitable alternative. In 
conclusion, our data revealed that IP injec-
tions of Fenestra LC produced high-quality 
micro-CT images of the liver that enabled 

serial imaging of mice at multiple time points 
and facilitated the identification of organ 
tissues within the body and visualization of 
hepatic adenomas and carcinomas.

FUTURE PERSPECTIVE
We predict that IP injection as described in 
this report will be technically easier for 
investigators to perform, resulting in fewer 
animal losses while maintaining IV-compa-
rable image quality. As a result, we foresee 
greater success in longitudinal studies due 
to the previously mentioned benefits. 
Future studies comparing Fenestra LC 
administration by using an oral route could 
benefit this article, as may studies 
comparing IP injection of Fenestra LC with 
other commercially available micro-CT 
contrast agent.
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Figure 2. Comparison of contrast enhancement acquired 16 h post IP (n = 6) and 2 h post IV 
(n = 6) injection. The bar graph represents an average CT value of the liver and tumor tissue. The 
comparison was done on the same mouse 4 days apart and assessed liver to tumor enhancement 
as well as the route of injection.
*Significant difference between the route of injection (p-value < 0.05).
***Significant difference in value between liver and tumor (p-value < 0.001). 
IP: Intraperitoneal; IV: Intravenous.
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Figure 3. Detection of carcinogen-induced liver tumors using micro-CT. (A) Coronal micro-CT image 
of a chemically induced tumor, 48 weeks post-DEN injection and phenobarbital administration 
with large hepatocellular adenoma tumor (dashed line). (B) Upon gross examination of the liver the 
adenoma was confirmed (dashed line). (C) Hematoxylin and eosin-stained section of the liver with 
tumor (100x magnification).
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Figure 4. Detection of a xenograft-induced liver tumor using micro-CT. (A) Coronal micro-CT image 
of a xenograft-induced tumor, 60 days post splenic blood vessel injection of Hep3B cells showing 
hepatobiliary contrast enhancement and severe hepatocellular carcinoma burden (dashed line). (B) 
Gross examination confirmed multiple hepatocellular carcinoma tumors (dashed line).  
(C) Hematoxylin and eosin-stained section of the liver with tumor (100x magnification).

 ● Hepatobiliary contrast 
e n ha n c e m e n t  was 
greatest at 16 h post intra-
peritoneal (IP) injection.

 ● Hepatobiliary contrast 
enhancement was signifi-

cantly higher in IP injected 
mice compared with intra-
venous (IV) injected mice.

 ● IP injections detect liver 
tumors in both carcinogen- 

and xenograft-induced 
tumors.

 ● An IP injection is a compa-
rable alternative for IV 
injections of Fenestra LC 
in this liver tumor model.

EXECUTIVE SUMMARY
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