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Background: Visually evaluating liver function is a hot topic in hepatology research. There are few reliable
and practical visualization methods for evaluating the liver function iz vive in experimental studies. In this
study, we established a multimodal imaging approach for in vive liver function evaluation and compared
healthy mice with chronic alcoholic liver injury (cALI) model mice to explore its potential applicability in
experimental research.

Methods: In vivo fluorescence imaging (IVFI) technology was utilized to visually represent the clearance
of indocyanine green from the liver of both healthy mice and mice with cALI The reserve liver function
was evaluated via IVFT using the Cy5.5-galactosylated polylysine probe, which targets the asialoglycoprotein
receptor of hepatocytes. Hepatic microcirculation was assessed through laser speckle perfusion imaging
of hepatic blood perfusion. The liver microstructure was then investigated by in vivo confocal laser
endomicroscopy imaging. Finally, hepatic asialoglycoprotein receptor expression, histology, and the levels of
serum alanine aminotransferase and aspartate aminotransferase were measured.

Results: Iz vivo multimodal imaging results intuitively and dynamically showed that indocyanine green
clearance [mean = standard deviation (SD): 30.83+14.71, 95% confidence interval (CI): 20.3 to 41.35],
the fluorescence signal intensity (mean + SD: 1,217.92+117.63; 95% CI: 1,148.38 to 1,290.84) and
fluorescence aggregation area (mean = SD: 5,855.80+1,271.81; 95% CI: 5,051.57 to 6,653.88) of Cy5.5-
galactosylated polylysine targeting the asialoglycoprotein receptor, and hepatic blood perfusion (mean =
SD: 1,494.86+299.33; 95% CI: 1,316.98 to 1,690.16) in model mice were significantly lower than those in
healthy mice (all P<0.001). Compared to healthy mice, the model mice exhibited a significant decline in liver
asialoglycoprotein receptor expression (mean = SD: 219.03+16.34; 95% CI: 208.97 to 230.69; P<0.001),
increased serum alanine aminotransferase (mean = SD: 149.70+47.89 U/L; 95% CI: 81.75 to 128.89; P=0.01)
and aspartate aminotransferase levels (mean = SD: 106.30+36.13 U/L; 95% CI: 122.01 to 180.17; P=0.021),
hepatocyte swelling and deformation, disappearance of the hepatic cord structure, partial necrosis, and
disintegration of hepatocytes. The imaging features of fluorescence signals in liver regions, hepatic blood
perfusion and microstructure were biologically related to hepatic asialoglycoprotein receptor expression,
serum indices of liver function, and histopathology in model mice.

Conclusions: Utilizing in vivo multimodal imaging technology to assess liver function is a viable approach

for experimental research, providing dynamic and intuitive visual evaluations in a rapid manner.
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Introduction

Various serum markers, liver biopsy, clearance and breath
tests, and imaging are the primary methods used to
assess liver function in clinical settings (1). Serum tests
are indirect evaluations that cannot pinpoint the exact
location of lesions and may also yield false negatives or false
positives. Therefore, serum tests alone cannot diagnose
liver diseases (2). Histopathological analyses of liver tissue
require a sample, which may lead to metastasis and spread
of malignant or infectious lesions and is not representative
of the overall liver pathology and function (3). In animal
studies, particularly of mice, liver function assessment
requires the sacrifice of the animals, which is not suitable
for the dynamic and long-term monitoring requirements of
some studies. Clearance and breath tests are advantageous
in that they can monitor the metabolic function of the liver
in real time in a quantitative manner (4,5), but because of
the influence of basal metabolic rate, smoking and other
factors, these tests may not be reliable for qualitative or
localized diagnosis of liver lesions. Thus, they may also not
be well suited for experimental studies.

Compared to other methods, imaging allows for
visualization of the location and nature of liver lesions
and evaluation of liver function (6). Current imaging
techniques commonly used for liver function evaluation
include ultrasound, computed tomography (CT), magnetic
resonance imaging (MRI), and positron-emission
tomography (PET). Ultrasound and CT are the preferred
noninvasive diagnostic methods for space-occupying liver
lesions (7,8), although they are not accurate for qualitative
diagnosis or liver function evaluation. MRI has high
resolution and is suitable for qualitative diagnosis and liver
function assessment (9), but it can be costly and relatively
insensitive for experimental studies. PET is valuable in
clinical tumor diagnosis and monitoring (10), but it is not
effective for diagnosing liver injury from other causes. It
has limitations in its ability to diagnose liver injury caused
by nonvascular or non-space-occupying factors. While
these imaging methods are valuable for diagnosing hepatic
vascular or space-occupying lesions, it has limitations in
accurately assessing and monitoring liver function for
liver diseases, particularly in terms of localization and
quantitative evaluation at the cellular and molecular levels.
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It would be beneficial to combine the advantages of imaging
technologies to develop a multimodal iz vive imaging
system suitable for evaluating iz vive liver function in
experimental studies.

Based on the physiological and pathological characteristics
of the liver, we used in vivo fluorescence imaging (IVFI),
laser speckle perfusion imaging (LSPI), and in vivo probe
confocal laser endomicroscopy (pCLE) technology to visually
assess liver metabolism, reserve, microcirculation function,
and histomorphology in mice with chronic alcoholic liver
injury (cALI) and healthy mice. Due to the lower mortality
and longer lifespan, Kunming mice were selected as models
of alcoholic liver injury (11). By combining various imaging
techniques, we establish a novel multimodal imaging method
for liver function evaluation in liver lesion models, which
has the potential to sensitively and visually characterize
liver function in multiple dimensions 7z vive. We investigate
the feasibility of utilizing this innovative technique for
experimental research on liver function evaluation. We
present this article in accordance with the ARRIVE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-122/rc).

Methods
Animals and groups

A total of 20 male Kunming mice, which were healthy
adults that weighed 18-20 g, were enrolled in this study.
The average age of these mice was 7 weeks. All animals were
provided by Biotechnology Co., Ltd. [SCXK (Beijing) 2016-
0002]. They were housed in sterilized isolation enclosures
with a 12-hour alternating light-dark cycle and temperature
kept at 21+2 °C. The mice were given free access to a
standard chow pellet diet and water. Experiments were
performed under a project license (No. D2023-01-29-01)
granted by the Animal Ethics Committee of the Institute
of Acupuncture and Moxibustion at the China Academy
of Chinese Medical Sciences in compliance with our
institutional guidelines for the care and use of animals. All
Kunming mice were numbered by another researcher, and
the standard =RAND function in Microsoft Excel (Microsoft
Corp., Redmond, WA, USA) was used to generate random

numbers. Ten normal mice were randomly selected as the
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control group (CG) (n=10); the remaining Kunming mice
served as the cALI model group (MG) (n=10). The mice in
the CG received all experimental treatments after 4 weeks
of normal care. The mice in the MG were subjected to all
experimental treatments after gavage with 50% ethanol
[15 mL/kg body weight (BW)] daily for 4 weeks. According
to the calculations of a previous study, the animal number
in each group should be 10 (11). All experiments were
performed according to the Guide for the Care and Use of
Laboratory Animals.

Establishment of a cALI model

After 12 h of fasting, the mice were intragastric gavage
with 50% ethanol (15 mL/kg BW) daily for 4 weeks. The
model was counted as successful if the following conditions
were met: (I) the liver became darker in color and harder
in texture than a normal liver, or silt spots appeared on
the surface of some liver tissues, and the relative weight
of the liver increased; (II) serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) significantly
increased; and (III) hematoxylin and eosin (H&E) staining
showed that the structure of the liver cord had disappeared,
the liver cells were enlarged, there were many fat droplets
in the liver cells, and some hepatocytes showed signs of
necrosis and disintegration by microscopy. Mice that died
after oral administration or pathologically not meeting the
above criteria were excluded from the experiment (12).
All experiments were performed by the same individual to
avoid the operator being a confounding variable.

IVFI of indocyanine green (ICG)

The mice were anesthetized under isoflurane (2% in
oxygen) delivered via an anesthesia unit (Matrix Company,
Midmark Animal Healthy, Versailles, OH, USA). After
full anesthetization, the mice were injected via the tail vein
with 10 pg/mL ICG solution (12.5 pL/g BW) (Suizhou
Jiake Pharmaceutical and Chemical Industry Co., Ltd.,
Suizhou, Hubei, China) (n=10 per group, total animal
number =20). Next, the mice were positioned prone in
the recording chamber of an FX PRO multimodal iz vive
imaging system (Carestream Health Inc., Woodbridge, CT
06525, USA) to stabilize the liver and fully expose it in the
scanning window. The chamber was kept dark during the
procedure. The instrumental parameters were set as follows:
excitation wavelength, 790 nm; emission wavelength,
830 nm; and exposure time, 10 seconds. Images were
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acquired immediately after ICG injection and at 30 and
90 min under isoflurane anesthetization. The abdominal
liver region of interest (ROI) was delineated through the
identification of fluorescence signal areas by means of
Carestream molecular imaging software (Carestream Health
Inc., Woodbridge, CT 06525, USA). The fluorescence
intensity (FI) in the liver regions at each specific time was
analyzed using Carestream molecular imaging software.
"Two operators with more than 5 years of experience in IVFI
performed all measurements independently. In addition,
operator 1 performed a second imaging scan immediately
after the initial examination, and operator 2 performed the
imaging scan in the same manner, with no regard for the
results of the first operator. The imaging results of operator
1 were used in statistical analyses. The operators were
blinded to group information while doing the imaging and
measuring the FI of liver ICG.

IVFI of CyS5.5-galactosylated polylysine (Cy5.5-GP)
targeting bepatocyte asialoglycoprotein receptor (ASGPR)

Following ICG injection, the mice were injected via the tail
vein with 0.005 pg/pL Cy5.5-GP solution (0.01 mL/g BW)
(Beijing Hapten and Protein Biomedical Institute, Beijing,
China) under inhalational isoflurane (1-2% in oxygen)
(n=10 per group, total animal number =20). The mice were
administered a Cy5.5-GP probe targeting hepatocyte ASGPR
imaging. The instrumental parameters were set as follows:
excitation wavelength, 630 nm; emission wavelength, 700 nm;
and exposure time, 10 seconds. Images were acquired
immediately and 60 min after Cy5.5-GP was injected via
the tail vein. The ROI of the abdominal liver region was
delineated through the identification of fluorescence signal
areas by means of Carestream molecular imaging software
(Carestream Health Inc., Woodbridge, CT 06525, USA).
The FI and fluorescence aggregation area (FA) in the liver
regions at each specific time were analyzed using Carestream
molecular imaging software. In addition, operator 1 performed
a second imaging immediately after the initial examination,
and operator 2 performed the imaging in the same manner,
with no regard to the results of the first operator. The imaging
results of operator 1 were used in statistical analyses. The
operators were blinded to group information.

LSPI of bepatic blood perfusion (HBP)

After IVFI, the mice (n=10 per group, total animal
number =20) were deeply anesthetized with 20% urethane
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[0.6 mL/100 g, Sigma-Aldrich (Shanghai) Trading Co.,
Ltd., Shanghai, China]. Once the mice were completely
anesthetized and no movements were observed in the tail
clamp for 1 min following the skin incision of the hind leg,
the abdominal hair was shaved and the wall was disinfected.
A minimally invasive opening was created below the rib
margin on the left side. The lobe of the liver was exposed
in vivo on the abdominal wall. The animals were incubated
at a temperature of 30£0.5 °C, and humidity levels were
kept at 80-90%. This was done to minimize the impact of
the surgery on HBP. HBP was detected using a Moor-FLPI
perfusion imager (Moor Instruments, Axminster, Devon,
UK; scanning area: 3 cm x 2 cmj pixel resolution: 576x768;
image acquisition rate: 25 frames/s; 10-frame continuous
acquisition mode; time interval: 1 s; and exposure time:
20 ms). The LSP images were scanned and analyzed
using moorFLPI-V2.0 system software, and the average
HBP of the liver surface was obtained (PU, the perfusion
quantitative unit recorded within the Moor-FLPI system).
Again, operator 1 performed a second imaging 5 min after
the initial examination, and operator 2 performed the
imaging in the same manner, with no regard to the results
of the first operator. The imaging results of operator 1 were
used in statistical analyses. The operators were blinded to
group information.

In vivo pCLE of liver tissue morphology

After imaging of HBP, the exposed liver lobe was secured using
a novel prototype apparatus to prevent respiratory disturbances
(n=10 per group, total animal number =20). The liquid on the
liver surface was wiped with a sterile cotton swab. Fluorescein
isothiocyanate-dextran (FITC-dextran) (40,000 MW, Sigma
Aldrich Co., St. Louis, MO 63103, USA) was washed off with
154 mM NaCl. The mice were injected via the tail vein with
FITC-dextran solution (0.01 g/mL/kg BW). Then, Optiscan’s
FIVE2 (Optiscan Imaging Ltd., Melbourne, Australia) was
applied to display and scan the images of hepatic histology (light
source, 488 nm laser; excitation, 505-750 nm; laser power,
0-1,000 pW; scan depth, 0-400 pm; field of view, 464 pm
x261 pm). At 2 min after FITC-dextran injection, the
scanning probe of the confocal endomicroscope equipment
was vertically placed on the surface of liver tissue. The laser
power and detection depth were adjusted to observe the
morphological characteristics of liver tissues at different
depths in vivo. Operator 1 performed a second imaging
15 min after the initial examination, and operator
2 performed the imaging in the same manner, with no

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

regard to the results of the first operator. The imaging
results of operator 1 were used in statistical analyses. The
pCLE operators and the analyzers of hepatic histology
images were blinded to group information.

Detection of serum markers of liver function

After confocal endomicroscopy imaging, the mice
underwent cardiac blood sampling (n=10 per group, total
animal number =20). The blood was centrifuged at 2,374 xg
at 4 °C for 10 min to obtain serum. Total levels of ALT and
AST were detected using an Accute TBA-40FR automatic
biochemical analyzer (Toshiba Medical System Co.,
Shimoishigami, Otawara-shi, Japan). The measurement was
performed at least two times independently while blinded
to group information.

Enzyme-linked immunosorbent assay (ELISA) and
bistological assessment

The mice were sacrificed by cervical dislocation after cardiac
blood sampling, and then the liver tissues were removed
quickly (n=10 per group, total animal number =20). Liver
tissue (50 mg) was added to cold RIPA buffer (500 pL) and
homogenized. The homogenate was centrifuged at 3,166 xg
at 4 °C for 20 min to obtain the supernatant. The total
protein concentration in the supernatant was quantified
by the bicinchoninic acid (BCA) assay (Thermo Pierce™
Rapid Gold BCA Protein Assay Kit, Thermo Scientific™,
Waltham, MA, USA). The ASGPR content was determined
using an ASGPR ELISA kit (JL3099X, Shanghai Jianglai
Industrial Limited by Share, Ltd., Shanghai, China)
following the manufacturer’s protocol. A STAT FAX 2100
automatic microplate reader (Awareness Technology Inc.,
Palm City, FL, USA) was used for detection and analysis.
The measurement was performed at least two times
independently. A piece of liver tissue (1.0x0.5x0.2 cm’)
was cut and embedded in paraffin. Then, sections were
sliced with a thickness of 6 pm, followed by conventional
H&E staining. The structural and pathological changes
in the liver tissue were observed by optical microscopy.
All histopathological examinations were performed by
pathologists with rich experience in liver pathological
analysis while blinded to group information.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS)
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version 19.0 (SPSS Inc., Chicago, IL, USA) was used for
statistical analysis. The mean FI and FA in each group
were calculated. The mean levels of ALT and AST were
calculated for each group. One-way analysis of variance
(ANOVA) was used to compare indices between the groups,
and the least significant difference (LSD) test for pairwise
group comparisons was performed to detect significant
differences (two-tailed P<0.05). The Jonckheere-Terpstra
test was used for data that did not conform to a normal
distribution. Data are expressed as the mean = standard

deviation (SD).

Results
Model establishment

Over the course of the experiment, we did not encounter
any adverse events, and 10 Kunming mice under gavage
with 50% ethanol were included in the experiment based on
the blood biochemical index levels and hepatic histological
features. In total, there were 20 mice included in this study.

IVFI of ICG in the liver

In both groups, after injecting ICG, fluorescence signals
in the liver areas were observed within tens of seconds.
At 30 min after injecting ICG, the FI reached its highest
level and the FA was the largest. At 90 min after injecting
ICG, the FI had significantly decreased, consistent with our
previous results. IVFI showed that at 30 min after injecting
ICG, the FI of the liver areas was higher in the CG than
that in the MG, but at 90 min after injecting ICG, the FI
of the liver areas was higher in the MG than that in the CG
(Figure 1A4,1B). Statistical analysis of the results showed that
the rate of ICG clearance in the liver in the CG (mean =
SD: 69.19+11.55; 95% CI: 60.93 to 77.46) was significantly
higher than that in the MG (mean + SD: 30.83+14.71; 95%
CI: 20.3 to 41.35; Figure 1C).

IVFI of Cy5.5-GP in the liver

IVFI showed that the FI in the liver areas of the two
groups was comparable right after injecting Cy5.5-GP. At
60 min after injecting Cy5.5-GP, the FI of liver areas in the
CG was stronger than that of the cALI MG (Figure 24).
Quantification of fluorescence signals in the liver areas
in vivo showed that at 60 min after injecting Cy5.5-GP,
the FI (mean = SD: 1,757.58+97.12; 95% CI: 1,701.02 to
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1,822.16) and FA (mean = SD: 18,942.80+4,081.75; 95%
CI: 16,685.98 to 21,304.49) of the liver areas in the CG
were significantly higher than those in the MG (FI, mean
+ SD: 1,217.92+117.63; 95% CI: 1,148.38 to 1,290.84,
Figure 2B; FA, mean = SD: 5,855.80+1,271.81; 95% CI:
5,051.57 to 6,653.88; Figure 2C). The fluorescence signal
characteristics of Cy5.5-GP in the liver areas of each group
at the final time point were contrary to those of ICG.
ELISA showed that the ASGPR content of the liver in the
MG (mean = SD: 219.03+16.34; 95% CI: 208.97 to 230.69)
was significantly lower than that in the CG (mean = SD:
179.24£11.29; 95% CI: 173.02 to 185.91; Figure 2D).

Blood perfusion of the liver

Warm colors in LSP images indicate strong blood perfusion,
cool colors weaker perfusion. Upon examination of the liver
surface, red areas were present in the CG, signaling a high
level of HBP. Conversely, the MG displayed light-green and
yellow areas, indicating lower levels of HBP (Figure 3A).
The quantification of HBP showed that the HBP of the CG
(mean = SD: 2,660.72+352.7; 95% CI: 2,435.6 to 2,868.88)
was significantly higher than that of the MG (mean + SD:
1,494.86+299.33; 95% CI: 1,316.98 to 1,690.16; Figure 3B).

Liver histology in vivo and in vitro

In the images of in vivo pCLE, the bright color in the field
indicates liver cells, the dark color interstitial or intercellular
space. In healthy mice, the hepatocytes exhibited regular
size and shape and were arranged in well-ordered cords
that formed radial patterns around small blood vessels.
The hepatic sinusoid, which separates the hepatic cords,
maintained a uniform space. In cALI mice, the hepatocytes
appeared swollen, deformed, and disorganized, resulting
in the destruction of the radial pattern of the hepatic cord.
Some parts of the hepatic sinusoid were compressed and
even vanished. Additionally, disintegrated hepatocytes were
visible in certain areas, presenting no cell contours and
being accompanied by dark tissues, indicative of necrotic
regions (Figure 4A4).

HE staining of liver tissue showed that the structure of
the liver lobule of the healthy mice was intact, the size of the
hepatocytes was uniform, and the hepatocytes were regularly
arranged in a cord-like shape, radiating around the small
blood vessels with the nuclei clearly visible in the center.
Irregular liver sinusoids were seen between the liver cords,
with a regular distribution. In the liver tissue of cALI mice,
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Figure 1 IVFI of ICG metabolism in the liver. (A) Visualization of liver ICG metabolism by IVFI (n=10). On IVFI, the red and bright-
green areas in the middle of the mouse abdomen indicate ICG accumulation in the liver. The redder the color, the stronger the fluorescence
signals and the more ICG in the liver. (B) Quantification of ICG fluorescence signal intensity in the liver (n=10). (C) Quantification of
the ICG clearance rate in the two groups (n=10). The ICG clearance rate was calculated as the fluorescence intensity at 90 min minus the
fluorescence intensity at 30 min divided by the fluorescence intensity at 30 min. Inj.Inst: immediately after ICG injection; 30 min: 30 min
after ICG injection; 90 min: 90 min after ICG injection; CG: control group; MG: alcoholic liver injury model group. Data are mean =

standard deviation. **, P<0.01 vs. the CG (LSD two-group comparison test). IVFL, in vivo fluorescence imaging; ICG, indocyanine green;

LSD, least significant difference.

the structure of the liver lobule was not there, the hepatocytes
were enlarged, the cytoplasm was superficially stained, the
hepatocytes were disordered, and some nuclei were not seen.
Fat vacuoles of different sizes were seen in most hepatocytes,
and a few liver cells were necrotic (Figure 4B).

Serum levels of ALT and AST

The level of AL'T was significantly higher in the MG (mean
+ SD: 149.70+47.89 U/L; 95% CI: 81.75 to 128.89) than
the CG (mean = SD: 37.10+6.67 U/L; 95% CI: 56.28 to
76.00; Figure 4C). The level of AST was also significantly
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higher in the MG (mean = SD: 106.30+36.13 U/L; 95% CI:
122.01 to 180.17; CG: mean = SD: 65.30+15.63 U/L; 95%
CI: 33.29 to 41.09; Figure 4D).

Discussion

In clinical setting, the most common method for evaluating
reserve liver function is the ICG excretion test. This test
detects the ICG content in venous blood to calculate the
retention rate 15 min after intravenous injection (13).
Once injected, ICG is immediately distributed throughout
the body via the blood circulation and is selectively
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red area in the middle of the mouse abdomen indicates Cy5.5-GP binding with hepatocyte ASGPR. The redder the color, the stronger the
fluorescence signal and the greater the ASGPR expression in the liver. (B) Quantification of Cy5.5-GP fluorescence signal intensity in the
liver (n=10). (C) Quantification of the Cy5.5-GP fluorescence aggregation area in the liver (n=10). (D) Densitometric analysis of ASGPR
expression by ELISA (n=10). Inj.Inst: immediately after Cy5.5-GP injection; 60 min: 60 min after Cy5.5-GP injection; CG: control group;
MG: alcoholic liver injury model group. **, P<0.01 vs. the CG (LSD two-group comparison test). Data are mean + standard deviation.
ASGPR, asialoglycoprotein receptor; Cy5.5-GP, Cy5.5-galactosylated polylysine; IVFI, in vivo fluorescence imaging; ELISA, enzyme-linked
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absorbed by hepatocytes. The ICG typically reaches its excretes it in a free form with the feces. When liver lesions
highest concentration in blood approximately 30 min after form, the number of healthy hepatocytes decreases, and the
injection. The liver clears ICG at a first-order rate and clearance rate of ICG in the liver decreases significantly,
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Figure 4 Comparison of hepatic histology and serum levels of liver function markers. (A) Iz vivo CLE images of liver tissue (x1,000), scale

bar: 25 pm. In the CG image, the arrow indicates normal hepatocytes arranged in cords. In the MG image, the arrow indicates swollen and
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Comparison of ALT and AST levels between the two groups (n=10). CG: control group; MG: cALI model group. Data are mean + standard

deviation. **, P<0.01 vs. the CG (LSD two-group comparison test). CLE, confocal laser endomicroscopic; H&E, hematoxylin and eosin;

ALT, alanine aminotransferase; AST, aspartate aminotransferase; cALI, chronic alcoholic liver injury; LSD, least significant difference.

prolonging the ICG retention in the liver (14,15). ICG is
also a fluorescent complex of which FI is related to its tissue
concentration. In this study, IVFI captured fluorescence
signals from the liver region, displaying dynamic changes
in ICG metabolism. The higher the FI and FA of a mouse
liver region, the greater the ICG retention. The liver region
of cALI mice showed significantly stronger FI after an
ICG tail injection than that of healthy mice. This suggests
substantial ICG retention in the liver regions of cALI mice,
indicating fewer healthy hepatocytes and impaired liver
function.

Cy5.5-GP-targeted imaging of ASGPR was carried
out using IVFI technology. ASGPR is an important,
highly efficient, specific receptor present on the surface
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of normal, as well as regenerated, human and mammalian
hepatocytes (16). In a liver disease such as liver cancer,
alcohol-related liver disease or hepatitis, ASGPR activity
is impaired, and its expression is strongly downregulated.
The ASGPR content is directly proportional to the degree
of liver cell damage, so this can be used to evaluate liver
function (17). Therefore, in vivo imaging methods that
target ASGPR in hepatocytes can accurately determine
the extent of hepatocyte damage in a sensitive and timely
manner (11,18). In this study, after administering Cy5.5-GP
through intravenous injection, Cy5.5-GP bound to ASGPR
present on hepatocytes. Then, the fluorescence signals in
the liver region were detected by IVFIL. The FI and FA in
a liver region represent the level of ASGPR expression.
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The stronger the fluorescence signals, the greater the
ASGPR expression, indicating the presence of more normal
hepatocytes. In cALI mice, the fluorescence signal of
Cy5.5-GP, targeting ASGPR, was significantly lower,
this indicates the presence of more normal hepatocytes,
resulting from in damaged liver function. This observation
was also confirmed by the biochemical and histological
results.

"Typically, liver function assessment involves determining
the liver ICG clearance rate and ASGPR content through
blood or histological examination. However, in long-term
experiments on animal models, frequent sampling can kill
the animal. Particularly, sampling for multiple indicators
may result in insufficient blood for testing in mice.
Fortunately, IVFI is a noninvasive, highly sensitive, specific,
uncomplicated method that does not involve radiation and is
relatively cost-effective (19). IVFI has been used in protein
and molecular expression research (20,21), tissue growth
and metastasis analysis (22), organ function evaluation (17),
and drug screening (23). Therefore, IVFI is an ideal choice
for assessing liver function in vive. IVFI visualization of
liver ICG- and Cy5.5-GP-targeted ASGPR dynamically
displayed the luminescent sites, and the ICG retention and
ASGPR level of the liver in vivo were detected through the
quantitative fluorescence signal of ICG and Cy5.5-GP in
specific bands, which showed obvious differences between
healthy mice and cALI mice. In addition, ICG and Cy 5.5-
GP are fluorescent probes specifically for the liver. The
emission wavelengths of Cy5.5-GP and ICG are in the red
and near-infrared bands, respectively, and the noise from
skin and other tissue is minimal. Therefore, their imaging
depth can be up to 1 cm with high sensitivity and good
specificity. In experimental studies, this is indeed a feasible
and convenient method to evaluate liver function iz vivo,
but it is mainly used in rats and mice.

The liver is rich in blood vessels, and its physiology and
pathology are closely related to its perfusion. Liver tissue
lesions can lead to abnormal hemorheology of the liver (24).
Under liver cirrhosis, hepatitis or fatty liver, liver perfusion
is reduced (25,26). The hepatic microcirculation perfusion
index is considered an important index for diagnosing liver
diseases and evaluating liver function (27). Liver injury
activates the coagulation system in the liver, resulting in
disturbances in liver microcirculation, hepatocyte ischemia,
and hypoxia. This is one of the pathological features of acute
liver injury (ALI) (28). LSPI can detect the blood perfusion
of tissues and organs at a depth of 2 mm and can be used to
assess microcirculation. In this study, LSPI showed a lower
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HBP in cALI mice than healthy mice, suggesting liver
dysfunction and microcirculation disturbance in cALI mice.
Therefore, LSPI provides useful information for estimating
liver function 7z vive through HBP monitoring. However,
HBP by LSPI is an indirect assessment of liver function and
needs to be combined with other methods or indices for a
comprehensive evaluation.

Histomorphology is commonly regarded as the standard
diagnostic evaluation. As a result, this study utilized pCLE
to visually display the microstructure of the liver in vivo.
The conventional method of morphological examination
typically entails taking samples and creating sections
for observation (29). pCLE is a blend of confocal laser
microscopy and traditional electronic endoscopy. Its
probe can reach any organ or deep tissue with minimal
invasion and carry out tomographic imaging of tissue at a
specific depth, providing real-time and dynamic imaging
of tissue microstructure, cellular, and molecular events
in vivo (30). It has been utilized for high-resolution imaging
of tissues, tracking molecules and microvasculature, and
monitoring the metastasis of cancer cells (31-34). In this
research, the cellular and tissue structures of various
regions in the liver of healthy mice and those with cALI
were dynamically visualized in vivo by pCLE. It displayed
histopathological changes such as hepatocyte swelling and
deformation, loss of hepatic cord architecture, and necrosis
of certain hepatocytes in cALI mice in vivo, making them
easily distinguishable from the healthy group. pCLE
is significantly faster than traditional histopathological
tests and offers flexible detection positioning to prevent
omissions or mistakes in sampling. In comparison to
traditional histopathological testing, pCLE provides a
reliable reference for liver function evaluation through real-
time and dynamic visualization of liver tissue structures.
However, the detection depth of pCLE is limited to 400
pm, so deeper tissues must be assessed using alternative
methods.

Multimodal imaging techniques, including IVFI of
liver ICG, IVFI of Cy5.5-GP targeting ASGPR, LSPI
of HBP, and pCLE imaging of liver tissues, have both
advantages and disadvantages in experimental applications.
We combined these imaging methods to comprehensively
assess liver function. This multimodal imaging approach
allowed for simultaneous monitoring of liver metabolism,
hepatocyte reserve, blood perfusion, and microstructure in
mice, providing visual data in digital form. The multilevel
and multidimensional nature of this method enabled
comprehensive characterization of liver function, from
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protein expression and cell morphology to overall function.
However, as liver disease pathologies vary, the multimodal
imaging features used to assess liver function may differ
among different liver diseases. In this study, the imaging
findings of alcohol-induced steatohepatitis in model mice
were obtained, but imaging characteristics of other liver
disease models, such as mild alcoholic liver injury, alcoholic
fibrosis and cirrhosis, drug-induced liver injury, herb-
induced liver injury, nonalcoholic fatty liver disease, and
hepatitis virus infection, were not observed. Therefore, this
imaging method requires verification in models of various
liver diseases and optimization of technical parameters
to establish evaluation criteria for future experimental
research.

Conclusions

The multimodal imaging approach that we applied
to evaluate liver function iz vivo enables dynamic and
rapid visualization of changes in both the structure
and function of the liver under both physiological and
pathological conditions. This method provides extensive
information on both the macroscopic and microscopic
scales, ranging from organ function to protein expression.
As a result, it can comprehensively reflect the degree of
liver injury from multiple dimensions, providing reliable
evidence for accurate liver function evaluation iz vivo.
Multimodal imaging for liver function assessment offers
significant advantages and shows good prospects for use in
experimental research, including drug development, liver
disease diagnosis, treatment, and surgery.
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