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Introduction

This atlas is composed of transverse, coronal and sagittal sectional
atlas as well as three-dimensional (3D) visualization models, produced by
Britton Chance Center for Biomedical Photonics, Wuhan National
Laboratory for Optoelectronics, Huazhong University of Science and
Technology. Anatomical structures of the whole SD rat are labeled in
transverse sections as well as coronal and sagittal sections from the same
one. This book is written clearly and comprehensively, with a CD including
all the atlas, it not only benefits the students and teachers who study the
anatomy of the whole rat, but also provides digitization information for the

researchers using rats as animal models.
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Rats are essential animals in life science research. There are various kinds
of rats nurtured with different experimental demands. SD rats, one of the most
common animals, have been widely used in anatomical physiology,
immunopathogenesis, and diseases prevention etc.

With the develppment of the computer and information technology, it is
now possible to realize digitalization, visualization and simulation in life
science research. However, anatomic data sets of animals must be established
first for the digitalization of biological molecular, cells, tissues, organs and
system. As a result, this book is published to fill the blank in this area, which
also provides the first whole-body data set of SD rat in the world.

To obtain the whole cryosectional anatomical data set, a 170 g adult male
SD rat was frozen, cut, photographed, registered, segmented and finally
reconstructed. After post processing, this data set can be applied to many
research areas, such as establishing models for diseases of rats, which provides
an important morphological basis for animal digitalization research.

Digitalization of animals is a new attempt in today's research. Thus, there
exits challenges brought by different kinds of understanding and applications.
How much contribution will this atlas and its associated data sets make to
improve experimental research in life science? However, we believe that this
book will not only have broad range of applications but also make us excited in

the future.
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Preview

Currently, laboratory animal is one of the essential research tools in
genetics and .pharmaceutics etc. Rats, the commonest animals used in
biology and medicine, have been widely utilized in experimental teaching
and scientific research areas, such as physiology, biochemistry, pathology
and immunology. The digitization of structural and functional information
of small animals has become very popular for various research institutions
all over the world in order to better share and integrate the biological
information, and protect animal rights and welfare as well. As a result of
several practical qualities, such as its accurate intuitive and graphical
representation, the digital anatomical data set is attracting interests of more
and more researchers. Original images of this atlas are acquired by using the
frozen cryosection-milling imaging system. After processing, these images
form a high resolution cryosection anatomical data set of SD rat, which
describe the anatomical information in transverse section as well as in
reconstructed coronal and saggital sections. This book is composed of
transverse sectional atlas, coronal sectional atlas, sagittal sectional atlas
and three-dimensional (3D) visualization. Three-dimensional computerized
models of SD rat were constructed as shown in Figure 1. Rat was pretreated
and frozen embedded. Then, a high-precision CNC milling machine is used
to grind at sample in order to capture high-resolution transverse sectional
images. Cryosectional images were registered, segmented and then

reconstructed into 3D computerized models.
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Figure 1 The reconstruction of rat 3D computerized models
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Figure 3 Embedding box

SD rat was a healthy adult male rat, which has the body length of 146.90
mm (excluding tail length), body height of 42.20 mm, and weight of 170 g.
The first step of treatment is to remove the hair manually by shaving and using
freshly prepared 8% Na S solution as depilating agent. The depilated rat is
shown in Figure 2. The specimen remained in the normal anatomical posture
with rats head, dorsal midline and tail staying in the same line and both sides
symmetrical, it was then placed into the frozen box. The time for this
treatment was restricted less than 10 min.

The reshaped rat was frozen completely in a -85°C ultra freezer together
with the frozen box for at least 24 hours. Then, the whole rat was embedded
with 3% fresh blue gelatin solution, which is 3 g gelatin with 100 ml double
distilled water, and also mixed with 0.25 g methylene blue.

The CNC milling machine used in this experiment is vertical, in which
the rat cannot keep the normal posture of all fours on the ground. Thus,

horizontal embedding and vertical milling were used in the experiment.
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Figure 3 shows the posture of the rat for embedding on the left side, and the
posture for milling on the right side. The embedding box is consisted of the
bedplate and the embedded storage. There is a groove for fixing milling
samples on each side of the bedplate.

The specimen was embedded and frozen layer by layer in the following
way: first of all, a prepared embedding box (Figure 3 left) was filled by
embedding medium to 1/4 volume , and was frozen in the -85°C ultra freezer;
then, the frozen specimen was moved to the embedding box, together with
another 1/4 volume of embedding medium. The box was put in -85°C ultra
freezer again. Repeat this process in turn until the embedding medium filled
the entire embedding box. Finally, the embedding box filled with specimen
completely embedded was continually frozen in -85°C ultra freezer for more
than three days.

The overall structure of the cryosection-milling imaging system shown in
Figure 4 is mainly consisted of the following four components: milling
equipment, image capturing equipment, refrigeration equipment, and parallel
data processing system.

Removing the frozen sample with a certain thickness layer by layer is an
essential process for the data acquisition. There are two important parameters:
layer thickness and the quality of milling section. Changes of these two
parameters will have a directly influence on the integrity of the data set and the
accuracy of the models reconstructed. The thinner the layer, the higher vertical
resolution of the image will have. The better the quality of the section, the
higher horizontal resolution of the image will have. High resolution brings
more information, resulting in a more accurate reconstructed model.

Milling equipment is a high-precision CNC milling machine, shown in
Figure 5, whose working stroke is 600 mm in X-direction, 280 mm in Y-

direction, and 480 mm in Z-direction. The minimum feeding rate is 0.001 mm.
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repeated positioning accuracy is 0.01/300 mm, max diameter of milling cutter is
120 mm, surface roughness is R 1.6, and flatness is 0.02 mm. Such cutting
accuracy meets the system design requirements, enabling researchers to cut
sections thinner than 0.02 mm to obtain high-resolution data set.

Cryosectional images acquisition is critical for the quality of entire data set.
How can we capture images with less aberration and lossless fine structure
depends on the image acquisition devices. Typically, there are several options
for image acquisition devices: digital cameras, scanners and CCD. Digital
cameras and scanners usually capture the images information through
optoelectronic device CCD. However, due to their structure, the time for
imaging is different. Optoelectronic device of a scanner is a line, which moves
from one edge to the other of the image to capture the image information;
optoelectronic device of a digital camera is a matrix, which can capture the
whole image information instantly without moving. Thus, scanner will take
much more time to capture the same image than digital camera.

Different ways of imaging for digital cameras and scanners make different
cryosectional image sizes. The size of cryosectional image depends on the focal
length of digital camera and the distance between digital camera and the section.
Images in different sizes can be obtained by adjusting the focal length and
distance appropriately. The size of cryosectional image obtained from scanner is
limited by the scanning dimension (general flatbed scanner with A4 or A3 format),
that is, the scanner can't capture images beyond its scan dimension. However, in
the same size, scanners can achieve higher resolution than digital cameras
because of the different arrangement of optoelectronic devices CCD.

When capturing high-resolution cryosectional images in large size, digital
camera can finish it instantly, while scanner is time-consuming for scanning.
When capturing small size high-resolution cryosectional images (e.g. the

geometry of frozen embedded specimen in this study is 90 mm X 60 mm),
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pixels). However, in such small size, even if low-end scanner can scan a high-
resolution image in a very short time.

Thus, considering the small animal having small cross-sectional geometry
and fine structures, a 1200 DPI resolution scanner was adopted to capture
cryosectional images, as shown in Figure 6.

The data set acquisition is a huge project. Completing cutting an adult rat

VI
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Figure 7 Cryosectional images of different parts
A-F: Cryosectional image through eye, brain, ear, first rib, thorax, abodomen; G: Rat surface reconstruction model
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cryosectional images of the entire rat must be obtained uninterruptedly to reduce
data loss caused by off-site frozen and multiple setup, and changes in shape and
color caused by freezing and thawing. In addition, in order to prevent animal
organs shift and physical changes caused by samples thawing; samples must keep
frozen in the long cutting process. Therefore, the whole cutting process is
completed in -10°C freezer. Other measures were also taken, such as using dry ice
to reduce the temperature on the surface of the sample, to decrease the heat of
friction between the cutting tool and the cryosection during the cutting process, to
eliminate the aberration of the tissue caused by cross-sectional temperature
changes, and to make the environmental condition of cryosectional images same
to ensure the nature of sectional images homogeneous in the whole data set.

The cutting work was completed in three weeks. The final data set is
composed of 9475 cryosectional images captured in 4600 X 2580 X 24-bit format,
whose total capacity is 314.68 gigabytes, with voxel size of 0.02 mm X 0.02 mm
X 0.02 mm. Because of the long working time and mechanical vibration, the final

slices have space displacement. To eliminate this error, the original slices need



RHAHAL, LENTEVN LAk LESHEMENR, B AF HIF
TR MR K= ERN I HEE, B—DAITHBERINE.
ARG R I IR AT v SR B85 R IR R AR 100005 tEREVE S AERE R 4L,
BB T HEMPURERE BARE. ZEBREZFINUHETR, &
ANH A MERE K 2/ Intel Xeon 2.4 GHz CPU. 533 MHzRT 4 & &% 512
kB L2 Cache. 2 G DDR RAM. 18 GB 100004 SCSIH# # , #1E R4 A
RedHat Linux 7.2 (Kernel 2.4) . i & I8 % A InfiniBand%Z #t £ R &

B o

registration. Figure 7 shows transverse anatomical images from different parts of
the rat, as well as surface reconstruction model of the rat's skin.

After obtaining transverse anatomical images, reconstructed coronal and
sagittal section images are also obtained. Their frameworks of reconstruction are
shown in Figure 8. Transverse section slices are placed in order, forming a cuboid
shown in Figure 8, where Z = 8996 represents the quantity of transverse section
slices, and Z num represents the quantity of cryosection reconstructed once.
Coronal and sagittal section images were computerized from transverse section
slices. In fact, cryosectional slices of the three directions are like the pieces of
bread cut in three different directions. Figure 9, Figure 10, Figure 11, show the
transverse section image, reconstructed coronal and sagittal section image.

The reconstruction of three-dimensional models for small animals is an
important part of small animal studies. These models are described by three-
dimensional volume data. Usually volume data is expressed as a cube, namely, the
inter-layer thickness is in same size as cross-sectional image pixel. At 0.02 mm
inter-layer thickness,the data of the animal will have excellent quantity. However,
ordinary computers cannot meet the computing requirement, the Langchao
Tiansuo 10000 high-performance computing cluster system is introduced to
generate the 3D computerized model of rat anatomy , using a parallel
reconstruction algorithm. The cluster system has the standard MPI message
passing library, and 17 computing nodes with each node configured as follows:
two Intel Xeon 2.4 GHz CPU, 533 MHz front-side bus, 512 kB L2 Cache, 2 G DDR
RAM, 18 GB 10000 switch SCSI hard drive, RedHat Linux 7.2 (Kernel 2.4)
operating system. Connection from node to node is completed by InfiniBand

switching technology.
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Figure 9 The transverse image
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Figure 10 The coronal image Figure 11 The sagittal image



