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Abstract

Hepatic sinusoid, the smallest vessel in the liver, plays important roles in hepatic microcirculation. Although the
structure of the hepatic sinusoids affects diverse functions of the liver, little is known about morphological alterations
in the sinusoids under pathological conditions. In this study, we show that the structure of hepatic sinusoids can be
identified three-dimensionally in normal and carbon tetrachloride-injured mouse liver, using the absorption mode of
synchrotron radiation micro-computed tomography. We observed that the hepatic sinusoidal structure on
tomographic slice images was similar to that on histological images of normal and acutely injured mice. Moreover,
centrilobular necrosis and structural alterations of the sinusoids in the necrotic region were detectable on
tomographic slice and volume-rendered images of the acutely injured mice. Furthermore, quantitative analyses on 3D
volume-rendered images of the injured sinusoid revealed decrease in the volume of the sinusoid and connectivity of
the sinusoidal network. Our results suggest that the use of synchrotron radiation micro-computed tomography may
improve our understanding of the pathogenesis of hepatic diseases by detecting the hepatic sinusoids and their
alterations in three-dimensional structures of the damaged liver.
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Introduction

Hepatic sinusoids are capillary bed in the liver consisted with
sinusoidal endothelial cells, stellate cells, and Kupffer cells [1].
Nutrient-rich venous blood and oxygen-rich arterial blood
combines and flows through the sinusoids [2]. Sinusoids are
separated from adjacent hepatocytes by the space of Disse [3].
The sinusoids run straight between the liver cell cords and
communicate with each other though interconnecting sinusoids
[3,4]. The diameter of hepatic sinusoids is 7-15 µm and the
diameter of pericentral sinusoid is larger than that of periportal
sinusoid [3–5]. The hepatic sinusoids are special in that they
possess the sieve plate-like pores [3,4,6]. Unlike non-hepatic
capillaries that exchange molecules ranging between 0.5 and
12 nm by endocytosis and transcytosis, hepatic sinusoidal

endothelium could exchange molecules ranging up to 150-175
nm through the sieve plate-like pores [6,7].

Under normal physiological conditions, the ingested toxins
are transported into hepatocytes and detoxified by penetrating
the sinusoids of the hepatic microcirculatory system [3].
However, under pathological conditions, morphological
changes in the sinusoids impair hepatic microcirculation and
induce functional damage [8–12]. Recently, structural
alterations such as the diameter, surface area, and fenestrae of
the sinusoids have been reported in acute and chronic liver
injury and liver cancer [8,9,12]. However, there still lack
quantitative nondestructive imaging studies on normal and
diseased liver models to reveal the structural difference.

With increased interest in the significance of the hepatic
sinusoids, significant efforts have been made to investigate
sinusoidal structure, but light and confocal microscopic studies
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on the sinusoids are incomplete compared with nondestructive
three-dimensional (3D) imaging [11,13,14]. To date,
nondestructive structural studies of hepatic microvasculature
have been performed by micro-computed tomography (micro-
CT) using a conventional X-ray source. Conventional micro-CT
nondestructively acquires 3D images from thick tissue;
however, the image resolution is insufficient for observing the
sinusoids. These studies, therefore, are restricted to the
hepatic biliary, arterial, and venous systems [15–17].

Synchrotron radiation micro-CT provides spatial resolution of
1 µm and is a feasible imaging system for studying sinusoids
and their alterations in 3D space [18–20]. Recently, 3D images
of the cortex microvasculature in the brain at 1 µm resolution
have been visualized, and the differences between wild-type
and APP23 knockout mice were successfully observed [20].
Considering the diameter of the capillaries in the mouse brain,
the spatial resolution of synchrotron radiation micro-CT is
sufficient to detect the sinusoids with diameters of 7-15 µm in
the mouse liver [3,4]. The present study applied synchrotron
radiation micro-CT to investigate the 3D structure of hepatic
sinusoids and their alterations associated with acute liver
injury.

Materials and Methods

Materials and animals
Carbon tetrachloride (CCl4), corn oil, propylene oxide, and

phosphate buffered saline (PBS) were purchased from Sigma
(St. Louis, MO). Osmium tetroxide (OsO4), glutaraldehyde, and
epoxy resin were obtained from Electron Microscopy Sciences
(Fort Washington, PA).

Male, 6-week-old C57BL/6 mice were maintained under
specific pathogen-free conditions. All animals received humane
care, and the experiments were approved by the Institutional
Animal Care and Use Committee at Pohang University of
Science and Technology, Pohang, Republic of Korea (approval
number: 2011-01-0015).

CCl4-induced liver injury and specimen preparation
The CCl4 was prepared as a 50% (vol/vol) solution in corn

oil, and a single dose of 2 ml/kg of body weight was
administered by intraperitoneal injection (n = 5) to induce
hepatic injury [21,22]. Control animals were injected with corn
oil alone (n = 5). Groups of age- and sex-matched mice were
sacrificed on day 1 after acute CCl4 treatment. Liver tissues
were obtained from five mice in each group at the indicated
times and then fixed with 2.5% glutaraldehyde in PBS. The
right hepatic lobe from each mouse was processed for
histological analysis and synchrotron radiation micro-CT. Liver
sections (5 µm) were stained with hematoxylin and eosin for
general histology and examined under a light microscope. For
synchrotron radiation micro-CT, liver sections (2-3 mm) were
stained in 1% OsO4 for 4 h, dehydrated in an ethanol series,
and embedded in an epoxy resin in 1.5 ml Eppendorf tubes.

Instrumentation
All experiments were performed with polychromatic X-ray

beams (4-15 keV energy range) at the 7B2 X-ray microscopy

beamline of the Pohang Light Source (2.5 GeV), Republic of
Korea [23]. A silicon shutter was used as an attenuator to
control total X-ray flux. The detector system consisted of a thin
(100-250 µm) and cleaved CdWO4 single crystal scintillator and
a charge-coupled device (CCD)-based video camera. The
image displayed on the scintillator was converted to a visible
image and then magnified by an optical lens before it was
captured by the CCD. Specimens embedded in resin were
mounted on a sample holder and typically placed 100-200 mm
apart from the detector to achieve optimum contrast. Scanning
was performed by rotating the specimen in increments of 0.18o

in an X-ray beam and acquiring an X-ray transmission image at
each angle of view. Three-dimensional image reconstruction
from 1000 projections was carried out using a standard filtered
back projection algorithm (Image Pro Plus; Media Cybernetics,
Silver Spring, MD). Reconstructed tomographic slice images
consist of 1600 × 1200 pixels in the horizontal and vertical
directions and the horizontal field of view is 580 µm. Using
synchrotron radiation micro-CT, images with voxel size of
approximately 1 µm are achievable [23,24].

Analysis of the reconstructed image data
As the X-ray images in this study contained both hepatic

microvasculature and surrounding parenchymal cells, the
desired area to be displayed and analyzed was segmented.
Using the segmentation application of Amira software (Mercury
Computer Systems, Chelmsford, MA), each pixel of the image
was assigned a label describing the region to which it
belonged. Pixels in tomographic slices were denoted as
parenchymal area, sinusoidal area, central venous area, or
portal venous area. Each labeled region was surface generated
for 3D visualization using the Amira software based on human-
computer interaction [12]. Briefly, four regions were manually
segmented by different gray scale values of the microstructure
and its morphological features. In OsO4-stained liver, the
vessels had a lower gray scale value than that of parenchyma,
indicating that veins and sinusoids can be distinguished from
parenchyma [25]. Moreover, central vein and portal vein were
distinguished by the presence of other branches of the portal
tracts such as hepatic artery, bile duct, and lymphatic vessels
[3]. In 3D volume-rendered images of liver tissues in normal
and CCl4-treated mice, diameters, surface areas, and volumes
of pericentral and periportal sinusoids were measured
[8,12,26].

Statistical analyses
All values are expressed as means ± S.D. P values were

calculated from Student’s t tests, based on comparisons with
the appropriate control samples tested at the same time.

Results

Identification of the sinusoid in normal liver
We performed synchrotron radiation micro-CT on normal

liver tissue stained with or without an X-ray contrast agent,
OsO4 (Figure 1). In the phase contrast images without OsO4

staining, the overall structure of the hepatic microvasculature
was ambiguous, and we could not detect the hepatic sinusoids

3D Imaging of Hepatic Sinusoid with Micro-CT

PLOS ONE | www.plosone.org 2 July 2013 | Volume 8 | Issue 7 | e68600



(Figure 1A and 1D). In absorption contrast images, we
observed two different shapes of vessel-like structures on the
OsO4-stained liver tissue (Figure 1B and 1E). One was circular
with a diameter larger than 10 µm, and the other was rod-
shaped with a diameter less than 10 µm. By comparing the
representative tomographic slice image and the histological
image stained with hematoxylin and eosin, we identified the
vessel-like structure larger than 10 µm as a vein and one less
than 10 µm as a sinusoid (Figure 1C and 1F). These data
indicate that the absorption mode of synchrotron radiation
micro-CT enables detection of the sinusoids. Additionally,
based on the similar diameter and distribution of the sinusoids
between the histological and X-ray images, the structures of
the hepatic sinusoids were visualized by absorption contrast X-
ray imaging.

Identification of the sinusoids and veins in normal and
CCl4-treated liver

We observed necrotic regions and disrupted sinusoidal
structures in the histological images of normal and CCl4-treated
liver (Figure 2A and 2B). We performed synchrotron radiation
micro-CT on OsO4-stained liver tissue obtained from normal

and CCl4-treated mice, and acquired the absorption contrast
images (Figure 2C and 2D). Necrotic regions (hepatic
sinusoids) could be distinguished from non-necrotic regions on
the absorption contrast images from acute CCl4-injured mice.
These findings suggest that structural alterations of the
sinusoids in pathologically injured liver are detectable using the
absorption mode of synchrotron radiation micro-CT. In
particular, disease-specific pathological features such as
necrosis and disrupted hepatic sinusoidal structures in necrotic
areas were detected on absorption contrast images.

Identification of pericentral sinusoid disruption in CCl4-
treated liver

We next investigated the structural alterations of the hepatic
sinusoids in the acute CCl4 model using the histological and
absorption contrast X-ray images from the pericentral and
periportal areas (Figures 3 and 4). Disrupted sinusoids in the
necrotic region were detected in histological images of the
pericentral area of CCl4-injured liver compared with normal liver
(Figure 3A and 3D). When we segmented the pericentral
sinusoids (Figure 3B and 3E) and the central vein (Figure 3C
and 3F) in the absorption contrast images, we found that the

Figure 1.  Tomographic slice and histological images of normal mouse liver.  (A, D) Phase contrast image of mouse liver
tissue obtained without OsO4 staining. The microvascular structure was ambiguous. (B, E) Absorption contrast image of mouse liver
tissue with OsO4 staining. The sinusoids appeared as smaller pillars (arrows) and the veins seemed larger circles (arrowheads). (C,
F) Histological image of normal mouse liver stained with hematoxylin and eosin (original magnification, ×20). (D–F) Magnification of
the hepatic sinusoid region indicated by rectangles in Figure 1A, 1B, and 1C, respectively. Sinusoidal structure was similar between
the histological images and absorption contrast X-ray images. Arrowheads indicate veins and arrows indicate sinusoids. Scale bar,
100 µm.
doi: 10.1371/journal.pone.0068600.g001
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sinusoidal structure was disrupted, but that the vein was
protected from CCl4 damage in the CCl4-injured liver. No
significant difference in the veins or sinusoids of the periportal
area was observed between normal and CCl4-treated livers
(Figure 4). Because we used a severe CCl4 injury model, the
midzonal and some other sinusoids were disrupted, as shown
in the absorption contrast X-ray images (Figure 4E and 4F).
These data demonstrated that the particular sinusoidal
alterations can be identified using the absorption mode of
synchrotron radiation micro-CT.

3D structure of the sinusoids and veins in normal and
CCl4-treated liver

We next investigated the 3D structure of the hepatic
sinusoids and veins in normal and CCl4-treated mice (Figure 5).
No significant difference in the sinusoidal structure in the
periportal area was observed between normal and acutely
injured mice (Figure 5A and 5B). In contrast, the 3D image of
the pericentral sinusoids in CCl4-treated mice showed sparser
and more disconnected vascular network compared with that in
the normal mice (Figure 5C and 5D). Thus, disrupted structures

of pericentral sinusoids can be distinguished from undisrupted
periportal sinusoids in 3D images of the hepatic sinusoidal
network of acute CCl4-injured liver, as observed by synchrotron
radiation micro-CT.

Quantitative analysis of hepatic sinusoids in normal
and CCl4-treated liver

In 3D volume-rendered images (Figure 5), diameters of
pericentral and periportal sinusoids were measured in normal
and CCl4-treated liver (Figure 6A). In normal liver, sinusoidal
diameters of pericentral and periportal area were 13.7 ± 1.4 µm
and 8.8 ± 2.4 µm, respectively. The diameter of pericentral
sinusoid was larger than that of periportal sinusoids. After
acute CCl4 treatment, there was no significant difference in the
diameter of periportal and pericentral sinusoids compared with
control (Figure 6A).

We also performed a quantitative analysis on volume-
rendered 3D image of normal and CCl4-treated liver using
morphological parameter including surface area and volume.
The results of measured surface area and volume of the
sinusoid and parenchyma in normal and CCl4-treated liver are

Figure 2.  Tomographic slice and histological images of normal and acute CCl4-injured liver.  Representative histological
images of liver tissue section, stained with hematoxylin and eosin, (A) a normal mouse and (B) a mouse treated with CCl4 for 24 h.
(original magnification, ×20). Representative coronal tomographic slice images of OsO4-stained (C) normal and (D) CCl4-treated
mouse liver. Disrupted sinusoidal structures in necrotic areas were distinguished from non-necrotic regions from acute CCl4-injured
mice. Arrowheads indicate veins and arrows indicate sinusoids. Scale bar, 100 µm.
doi: 10.1371/journal.pone.0068600.g002

3D Imaging of Hepatic Sinusoid with Micro-CT

PLOS ONE | www.plosone.org 4 July 2013 | Volume 8 | Issue 7 | e68600



given in Table 1. The total volume of the parenchyma was
almost the same in normal and CCl4-treated liver (both about
20.2 × 106 µm3); whereas the volume of the sinusoid differed;
2.64 ± 0.54 × 106 µm3 (pericentral area) and 2.60 ± 0.27 × 106

µm3 (periportal area) in normal liver and 0.28 ± 0.05 × 106 µm3

(pericentral area) and 0.96 ± 0.25 × 106 µm3 (periportal area) in
CCl4-treated liver. The sinusoidal volume/parenchymal volume
ratio in periportal and pericentral area was significantly lower in
CCl4-treated mice compared with control, indicating the
reduction in the sinusoidal volume fraction by acute CCl4
treatment (Figure 6B). However, no significant difference was
observed in the sinusoidal volume/sinusoidal surface area ratio
between normal and CCl4-treated mice (Figure 6C). The low
value of sinusoidal volume/sinusoidal surface area indicates a
decrease in the number of sinusoids as the diameter of hepatic
sinusoids appeared to be similar.

Discussion

We demonstrated that the absorption mode of synchrotron
radiation micro-CT can produce 3D images of hepatic
sinusoids and their alterations in normal and injured mouse
livers. Furthermore, pathological features of acute liver injury,
such as the disruption of pericentral sinusoids in necrotic
regions, were detectable in the 3D images from synchrotron
radiation micro-CT.

Synchrotron radiation X-rays generally use absorption or
phase contrast effects when visualizing the angioarchitecture of
tissue [18–20,27]. Synchrotron radiation X-rays with high
coherence can induce a phase contrast effect through edge
enhancement [20,27]. In absorption mode, the
angioarchitecture of the tissue can be visualized by
microinjecting an X-ray contrast agent into the vessels or
staining the surrounding tissues. As conventional X-ray
contrast agents, including radiopaque polymers, fill only the
lumen side of the blood vessel, the vascular architecture and
the interrelationships among vessels are difficult to visualize

Figure 3.  Tomographic slice and histological images of pericentral sinusoids and central vein.  Pericentral sinusoids and
central vein of livers from (A–C) normal and (D–F) CCl4-treated mice. Representative histological images of liver tissue, stained with
hematoxylin and eosin, from (A) normal and (D) CCl4-treated mice (original magnification, ×20). Axial tomographic slice images of
the pericentral area of OsO4-stained liver tissue segmented into the (B, E) pericentral sinusoids and (C, F) central vein, from normal
and CCl4-treated mice. Solid red lines indicate segmented areas of the pericentral sinusoids (B, E) and of the central vein (C, F).
Pericentral sinusoids were disrupted, but the central vein was unaffected by CCl4 damage in the CCl4-injured liver. Scale bar, 100
µm.
doi: 10.1371/journal.pone.0068600.g003
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[15,25,28,29]. Recently, Ritman et al. suggested the use of
OsO4 as an X-ray contrast agent for micro-CT because it
enhanced visualization of the coronary artery wall structure and
nephron architecture, and their interrelationships [25,29]. We
visualized the 3D hepatic sinusoidal structures using the
absorption mode of synchrotron radiation micro-CT with OsO4

as an X-ray contrast agent. The presence of OsO4 resulted in
lower absorption by vessels than by parenchyma in the
absorption contrast images of mouse livers.

The liver, which consists of many structural and functional
units called lobules, is the main metabolic organ in the body [1].
Detoxification is conducted in each lobule of the liver, and thus
understanding microvascular alterations of the lobule in three-
dimensions during liver injury and regeneration is significant.
Several imaging techniques have been applied to visualize the
angioarchitecture of the lobule at 3D space in order to elucidate
the microvasculature of the liver lobule under physiological
conditions [11,13,14]. Although light or confocal microscopy
has sufficient spatial resolution to visualize the sinusoids, the
penetration into thick specimens is limited. Thus, light and
confocal microscopic studies on the liver require thin tissue

sections, so the depth of the observable tissue is restricted.
The 3D angioarchitecture of the lobule has been investigated at
the level of the sinusoids using confocal laser scanning
microscopy, but the depth of the specimen is limited to about
150 µm thick liver tissue slices [11]. In contrast, we observed
the 3D angioarchitecture of the liver lobule at the level of the
sinusoids with liver tissue sections of 2-3 mm thickness using
synchrotron radiation micro-CT. Moreover, synchrotron
radiation X-rays with a spatial resolution of 1 µm is sufficient to
detect the sinusoids with diameters of 7-15 µm in the mouse
liver. In our study, we observed that hepatic sinusoids in the
normal liver were directly branched off from the portal veins
[3,4]. Moreover, hepatic sinusoids were running between the
liver cells and interconnecting sinusoids were also present
between the sinusoids [4]. In addition, consistent with previous
reports [3,4], sinusoidal diameters of pericentral and periportal
area were 13.7 ± 1.4 µm and 8.8 ± 2.4 µm, respectively, and
pericentral sinusoids were larger than periportal sinusoids.

In both the two-dimensional and 3D images of synchrotron
radiation micro-CT, we distinguished disrupted pericentral
sinusoids from undisrupted periportal sinusoids in the acute

Figure 4.  Tomographic slice and histological images of periportal sinusoids and portal vein.  Periportal sinusoids and portal
vein of livers (A–C) normal and (D–F) CCl4-treated mice. Representative histological images of liver tissue, stained with hematoxylin
and eosin, from (A) normal and (D) CCl4-treated mice (original magnification, ×20). Coronal tomographic slice images of the
pericentral area of OsO4-stained liver segmented into the (B, E) periportal sinusoids and (C, F) portal vein, from normal and CCl4-
treated mice. Solid red lines indicate segmented areas of the periportal sinusoids (B, E) and of the portal vein (C, F). No significant
difference in periportal sinusoids and the portal vein was observed between normal and CCl4-injured livers. Scale bar, 100 µm.
doi: 10.1371/journal.pone.0068600.g004

3D Imaging of Hepatic Sinusoid with Micro-CT

PLOS ONE | www.plosone.org 6 July 2013 | Volume 8 | Issue 7 | e68600



Figure 5.  3D volume rendering images of hepatic sinusoids and veins.  Volume rendered images of hepatic sinusoids and
veins of (A, C) normal and (B, D) CCl4-treated mice. Three-dimensional images shown according to metabolic zonation of the liver
lobule: (A, B) periportal area and (C, D) pericentral area. The portion of the white box was enlarged to show the magnified view of
3D volume-rendered images of periportal and pericentral sinusoids in normal and CCl4-treated mice. The size of the 3D image is
435 × 435 × 145 µm3 before magnification and 36 × 36 × 36 µm3 after magnification. Disrupted 3D structures of pericentral
sinusoids were distinguished from undisrupted 3D periportal sinusoids in CCl4-injured liver. Scale bars, 100 µm. Enlarged images
scale bars, 10 µm.
doi: 10.1371/journal.pone.0068600.g005
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CCl4-injured liver. Injury to the hepatic microvasculature
induced by CCl4 occurs via the cytochrome P450s [30]. These
enzymes reside in the parenchyma and generate a
concentration gradient from the central to the portal vein. Thus,
CCl4 treatment causes necrosis of pericentral sinusoids. OsO4

strongly binds to the lipids, and CCl4 induces lipid alterations in
necrotic regions [31]. Therefore, when OsO4 is used as an X-
ray contrast agent, the absorption contrast of necrotic regions
(pericentral sinusoids) should be higher than that of non-
necrotic regions (periportal sinusoids) in acute CCl4-injured
liver. Recent studies on structural alteration of hepatic sinusoid
in acute CCl4 model have been conducted by light microscopy,
confocal laser microscopy, and intravital fluorescence
microscopy [9–11,26]. After acute treatment with CCl4,
sinusoidal diameter was significantly smaller than that in
controls and sinusoidal area was significantly reduced in CCl4-

Table 1. Quantitative assessment on volume-rendered 3D
images from normal and CCl4-treated livers.

 

Surface Area (×106

µm2)
Sinusoidal Volume
(×106 µm3)

Parenchymal Volume
(×106 µm3)

 Normal CCl4 Normal CCl4 Normal CCl4

Pericentral
Area

2.87 ± 0.32
0.34 ±
0.07**

2.64 ± 0.54
0.28
±
0.05*

20.2 ± 0.07 20.2 ± 0.00

Periportal
Area

2.52 ± 0.21
0.97 ±
0.22*

2.60 ± 0.27
0.96
±
0.25*

20.2 ± 0.00 20.2 ± 0.00

Values are mean ± SD. P< 0.05; P< 0.01 compared to normal.

Figure 6.  Quantitative analysis of hepatic sinusoids in normal and CCl4-treated liver.  (A) Sinusoidal diameters in pericentral
and periportal regions were measured in normal and CCl4-treated mice. (B) The sinusoidal volume (SV)/parenchymal volume (PV)
ratio and (C) sinusoidal volume (SV)/sinusoidal surface area (SA) ratio were measured in normal and CCl4-treated mice. Data are
represented as mean ± SD. *P< 0.05; ***P< 0.001.
doi: 10.1371/journal.pone.0068600.g006
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treated mice [9,26]. Moreover, pericentral sinusoids are
scattered in the necrotic region [10,11]. Our results of 3D
volume rendering image were identical to the previous studies
in that the volume and the vessel connectivity of the pericentral
sinusoid were significantly reduced and disconnected,
respectively [9,10]. Because our model was acute CCl4 injury
model, we were not able to observe the fibrotic and cirrhotic
region of the liver, observed in chronic CCl4 injury model [8,32].
These fibrotic and cirrhotic regions can be observed using our
system of synchrotron radiation micro-CT combined with OsO4

staining. Therefore, in the future, we are planning to visualize
three-dimensionally, the extensive fibrotic and cirrhotic regions
of the chronic liver models in both mouse and human liver.

For decades, structural alterations of hepatic sinusoidal
endothelial cells having sieve plate-like pores have been
studied by scanning and transmission electron microscopy
[3,4,6]. The limitation of our study in terms of anatomical
imaging was that the spatial resolution of synchrotron radiation
micro-CT is not sufficient to investigate the unique morphology
of the hepatic sinusoidal endothelial cells [6]. Synchrotron
radiation micro-CT, on the other hand, is a feasible imaging
system to investigate the diameter and distribution of hepatic
sinusoids rather than the structural alterations of hepatic
sinusoidal endothelial cells. Further improvement of this
imaging system with a subnano spatial resolution will make
possible the 3D visualization of characteristic morphology of
sinusoidal endothelial cells in normal and pathological
conditions.

In our study, to visualize the hepatic sinusoid, liver tissues
had to be postfixed and stained in OsO4 to give an absorption
contrast and embedded in resin to protect the tissue from high

flux X-rays. This fixation and staining made simultaneous
functional imaging of the liver difficult in our system [23,29]. In
addition, in the processes of fixation, postfixation with OsO4,
and dehydration, the shrinkage and the collapse of
morphological structure in the specimen can be induced [33].
However, we could not detect any artifacts in the overall
structure of liver tissue when our results were compared with
histological images. The combination of histological and
confocal imaging of the liver tissues with synchrotron radiation
X-ray microscopy can be applied to further examine the
possible artifacts [11,20].

In conclusion, we nondestructively identified the hepatic
sinusoids and their structural alterations in acutely injured
mouse liver using the absorption mode of synchrotron radiation
micro-CT for the first time. The 3D structure and their
alterations of the sinusoids could be identified in diverse
hepatic diseases including fibrosis, cirrhosis and liver cancer in
human.
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