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Abstract

The study focuses on the value of Micro CT, a high resolution X-ray imaging device, by
using it on rats to observe the overall portal vein image of the liver and the microvasculature
of each lobes, visualize the 4 segmental lobes and acquire 3D image of the microvasculature
through the reconstruction of sectional image data. Less of the damage to liver of the 5 mice,
the device was able to separate the liver into 4 segmental lobes and displayed the 4 portal vein
microvasculature in 2D. By using the 3D MIP technique, observation of the whole portal vein
system microvasculature in 3D image was made possible along with each of the portal vein
segment’s branches until the 6th branch. Measured the size of 6branch, the average was
measured at lbranch:0.51 mm +0.08, 2branch:0.32 mm +0.12, 3branch:0.23 mm +0.11, 4
branch : 0.19 mm £ 0.08, 5branch : 0.13 mm = 0.06, 6 branch : 70.5 ym = 14.1.

The 3D image and the images of the microvasculatures in the result of study proved that the
Micro-CT can be considered many useful device in obtaining high resolution images.
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Fig. 2. Liver micro potal vein 3D-CT image of
ex—vivo mouse in micro—CT.
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Fig. 3. Medial lobe of liver microvasculature
3D—-CTreconstruction image of ex—vivo
mouse in micro-CT.
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Fig. 4. Right lateral lobe of liver microvasculature
3D—CTreconstruction image of ex—vivo
mouse in micro-CT,

Fig. 5. Left lateral lobe of liver microvasculature
3D—-CTreconstruction image of ex-vivo
mouse in micro—CT.

Fig. 6. Caudate lobe of liver microvasculature
3D-CT reconstruction image of ex—vivo
mouse in micro—CT.
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Table 1. Size of Portal vein Branchs
(Unit:1,2,3,4,5 = mm, 6 —um)

Hepatic Branchs

Lobe
1 2 3 4 5 6
Medial (1) 059 0.27 0.17 0.18 0.14 648
Medial (1) 0.46 028 0.19 0.18 0.11 84.6
r't lateral 045 0.24 019 0.18 0.1 68.2
I't lateral 0.64 044 034 027 019 750
Caudate 043 0.38 025 0.16 0.11 59.8

Average 051 032 023 019 013 705

7

Fol= A o] A ERTRE JAE]
3 U2 india inkWh AR ¥
FYe =, B w= A dvA 7t
S AHEEAY rAE R 29ES o] g8t THI2
8hd o] 719 % Luciferase®]
ATt AL AE o 4] WESH d
Poshg Ao} vigsly] Wi A B4
b A wi
coupled device) cameras ©|&3te] F, E7|e} &
ATES S AATHI3L T3 alsol oz W
P Fa1 22h gdsh Aol g ARSE AL gl
| s A el A=+
WARS S AMESEA] ekl w2 A st s s
A wiEel 2FFEFT AF7E ol o]FoiX]
° Fapeo] £4] ool Al A Al F
HIL A so] Abgho] ol ThEdd
A3} s FAgsie (241
B35} Hﬁﬂ/ﬂ “Vﬂ’“"/}@g *}%E‘P

4

i)

OE
=)
ot rE o X

[

2

%

b
s
FtoHz o

N

N

of| hypersensitive CCD(cooled charge-

Q)1 WAL

R

ox
(ol
ol
ol
N
o T
T
J
o oj

i
lf
tlo

f
rg
S O S
2L
rg
o
24
™
Ny
(S
ot
rkl
s
011
ol
>,
L
d
o
;
o
5
1o

o] oy zﬂ )
Sk

4 502 A0 dol o FAFLE < ﬂﬂtT



=R

BALB/C(

0lg3t

OlO|I3E CT

ol [18]

o Wb $14] 7o) ol

i

S5

At 4t

Y] F-E(right, left, median,

=
=

Vg 53 shdEe e

191 vlo]a =z CTE

&=

ATt ele

9]

caudate) &2 T

"

= Synchrotron

9

2}

o) 7z}

B,

=
<)

of AL 4 glon], AA e nATEze) 7]

st em[19)],

3l Kol

A
an

2 KA A

2] AmmH 5L

she

A

o} 7ol wholaZ CTE

A

stol 242 vlAT

=3

=
=

nto] 22 CT

A=4e]
o

=, [20]

o)
AT

Ik

[e]

al

el A= APl &

Joll mlelAR CTE o] &3kl

w ulo] 22 CT

3 714(Optical Coherence

o]-g-shd A

%

!

KR
=

Tomography, OCT)

A
L

3

el

ol

s

]

a7

bgou, lol CTE ol §te]

9]

=7k

=
[

A 720 A 24 HAREA R el T}

7HA 7}
4

=
R
ki

2248 714 w9l 274

ole}

Alsh & = vk [24].

o)
)
B

]

o|J

il

] =7]

[e)
1°)
s

el

9

wetA, % ymel

b

77171 €

=z =
= 0

o gx=

= Bol

p

3t

9

lo] A7 CTE o83 e 52

X
R

oM B 7 Al ool

5SS

had

FHEH15].

2 47

o

3w Al

psps
1=

ALk 5o Az e o s Q1 o

Al 90 counaudiiF7F Bol o]&Fal da[16],

ofp

(Gray's Anatomy)< 4HS 4%-2(Right, left,
caudate, quadrate)o.2 E5{FsFAtt 7H falciform®!

el <]

[17]

kel 2,

S

A Qe

g7kl 21o1A

3

g

Holt}, ey

w
W
ey
3

|

A
..mﬂo

Bo

Tl &

A=SeR
==

¥

2] zke] B4

no|A2 CTZ 3

MEER

9]

L
L

AA 2

ol

wt

N
)

Njo
sl
TR
<M

s

% 5HeE 9

a4

13to] H

o 97

22

=l o

Ahg-5)



—_

264 st22HI=SHS|=2% '10 Vol. 10 No. 9

Hu

JA7E A7 oA o} B4 e A 17 A 2 B8 7)o GAAE ek oje] 7}
Hof glofob gtk Holtl, Mgl ALs T glor Bt $E Yoz vl
|l ol = (23158 FRAol BaSOIh gelating  AITE) WS} Aol e A7 AT Q= F
Eqstel ARER ATellA= 8%  weight/volume® Aot
gelatin AF&F Ao2 wan ek B Al B Qe A9 Aseln 2 A ol 22CTE
BaSOAZ B3t ol F9ste] A9L Snul, ol & olgdlel 94 7o) MARRTEE 34904 GAGR
AT Aege] AuAel 4G 2 GgoR  ANE A5 5 AU WebA, FFoIE A%
ZogAe] Aol AFfAl Al e AP S TH 2 B A JgEnd 4L 5= A7 2 2
317] @ QA gk HEH o2 Aol nlo]AR CTolA £ 91449l in vivo imagingoll AHE 4= 1S oz
e Tk gAAS AS F ATk ZloE B ofue}, B2 o A9y {14 A8 T
o] theFgh vpol e ome] AT Hofel AEd T UE
712 ARE ATE F JoH ol& Fi A
V. 8= A7l 7148 & S FoE Az
& A7 ve] A2 CTE o]4d 83 e v
ARPFE DS 2] 9lskel srkelel b Sl gy gy
A Hgo A Edo] 7 AL 19ke] e & 470 1
Aol darste] Zzhe] 22kl ddsh 3akel Qg [1] S. Bourquin, Opt.Express, 3200, 2003.
S5skelan, Gl wieh e vt 2 [2] J. F. Hainfeld, D. N. Slatkin, and I M.

Smilowitz, “The use of gold nanoparticles to

enhance radiotherapy in mice,” Phys Med Biol,

7kl W .
APFANES AL 2 9ol 49:N309- N315, 2004.

0 7+S )] BAGE Ackshe] A= o] 2l CT [3] G F.. Paciotti, L. Myer, and D Weinreich,
oAkl Al W (medial Tobe), 125 (right lateral Colloidal gold: a novel nanoparticle vector for

tumor directed drug delivery,” Drug Deliv,
Vol,11, pp.169-183, 2004.
[4] J. Chen, F. Saeki, and B. J. Wiley, “Gold

lobe), 9]=39(Left lateral lobe), 1749} (caudate
lobe)2] PIAERTZE BEE 5 th

3 AW F S A28 e 12 7o) B e, A ‘ .
e o nanocages bioconjugation and their potential

72t Agete] 47) Eee] WA TES
1

B} use as optical imaging contrast agents,” Nano
@ 4 91glem. 3D MIP 7] P " .
el
|

Lett, Vol.5, pp.473-477, 2005.

2 AA) vl he] §1A)4 , ,
s} 2 Bugale] m A e 6EA ] e [5] M. C. Daniel and D. Astruc, “Goldnanoparticles
2 ore assembly, supramolecular chemistry, quantum-—
TR

4 2 7he) vl 64 ]2 2AE BEA size-related properties, and applications toward

1 branch: 051 mm £ 0.08, 2 branch:0.32 mm
0.12, 3 branch:0.23 mm*0.11, 4 branch:0.19
mm + 0.08, 5 branch : 0.13mm * 0.06, 6 branch :
705 m= 1412 453t

biology, catalysis, and nanotechnology,” Chem
Rev, Vol.14, pp.293-346, 2004.

[6] R. L. sandberg, C. Song. P and W. Waehulak O,
"A Raymondsono High numerical aperture

I+

tabletop soft x-ray diffratio microscopy with



ofo|22 CTE 0|28t BALB/C(E1F) ZI2Ho| njME2 =F EA 265

10-nm redution,” proc. Natl. Acad. Sci. US.A,
105-24, 2008.

[7]1 C. T. Badea, B. Fubara, L. W. Hedlund, and G.
A. Johnson, "4-D micro-CT of the mouse
heart. Mol Imaging,” Vol.4, pp.110-116, 2005.

[8] M. J. Paulus, S. S. Gleason, S. J. Kennel, P. R.
Hunsicker, and D. K. Johnson, "High resolution
X-ray computed tomography: an emerging tool
for small animal cancer research,” Neoplasia,
Vol.2, pp.62-70, 2000.

[9] E. L. Ritman, "Micro-computed tomography—
current statusand developments,” Annu Rev
Biomed Eng, Vol.6, pp.185-208, 2004.

[10] Winter TCIIL, Freeny PC and Nghiem HV, et
al "Hepatic arterial anatomy in transplantation
candidates: evaluation with three-dimensional
CT arteriography,” Radiology, 195:363-370,
199%5.

[11] S. Takahashi, T. Murakami, and M. Takamura,
"Multi-detector row helical CT angiography of
hepatic vessels : depiction with dual-arterial
phase acquisition during single breath hold,”
Radiology, 222:81-83, 2002.

[12] J. W. Ludders, J. W. Wilson, and G. A. Ribble,
"Microangiography and correlated histology:
research technique for examining renal
microcirculation,” Am JVet Res46:2536-8, 1985.

[13] T. F. Massoud, "Gambhir imaging in living
subjects; seeing fundamental processes in a
new light,” Genes Dev, 7:545-80, 2003.

[14] M. D. Bentley, M. C. Ortiz, E. L. Ritman, and
J. C. Romero, "The use of microcomputed
tomography to study microvasculature in small
rodents,” Am J Physiol Regul Integr Comp
Physiol, 282:F1267-79, 2002.

[15] P. Soyer, "Segmental anatomy of liver, Utility
of a nomenclature accepted worldwide,” AJR,
161:572-573, 1993.

[16] H Bismuth, "Surgical anatomyh and
anatomical surgery of the liver,” World J Surg,
6:3-9, 1932

[17] "Gray’s Anatomy,” via Wikipedia, 1918.

[18] T. Harada, "Liver and Gallbladder,” Chapter 7
in Pathology of the Mouse.

[19] E. L. Ritman, S. M. Jorgensen, P. E. Lund,

P. J. Thomas, J. H Dunsmuir, and J. C.
Romero, "Synchrotron -based micro-CT of
in—situ biological basic functional —units and
their integration,” Proc Soc Photo Opt Instrum
Eng : 3149:13-24, 1997.

[20] C. A. Zarse, J. A. McAteer, A. J. Sommer, S.
C. Kim, E. K Hatt, and J. E. Lingeman,
"Nondestructive  analysis of urinary calculi
using micro computed tomography,” BMC Urol,
13:4-15, 2004.

[21] A. C. Langheinrich, R. M. Bohle, S. Greschus,
N. Hackstein, G. Walker, and von Gerlach S,
" Atherosclerotic 1 esions at micro CT: feasibility
for analysis of coronary artery wall in autopsy
specimens,” Radiology, 231:675-681, 2004.

[22] Winter T I, Freeny P and H. Nghiem,
"Hepatic arterial anatomy in transplantation
candidates ; evaluation with three-dimensional
CT arteriography,” Radiology, 195:363-370, 1995.

[23] E. Toyota, Y. Ogasawara, K. Fujimoto, T.
Kajita, F. Higeto, and T. Asano, "Global
heterogeneity of glomerular volume distribution
in early diabetic nephropathy,” Kidney Int,
66:855-61, 2004.

[24] ElZ, 32, "ulo] o EEY X Y7l B

skl 7] & pp.65-69, 2007(6).



266 st=ZEEIXsH3|=2X| '10 Vol. 10 No. 9

X Xt A T

o] A ¥(Sang-Ho Lee) =¥
2000 89 ¢ ikl WAL
SF (A A AL

= 2000 ~ dxA ;- APt 5
St} (9abata)

20008 8¢ ~ AA : JAHY
ol et}

= 2010d 392 ~ @A) : A hSnl PAPA S} A ni

5
<HPFol> 1 WA, ANHEE] %

9 4 3KCheong-Hwan Lim) H3H
1907 89 © SISt oleel
BAYA A (RAT AAD

% ¥ "HHong-Rayng Jung) HalH
== 1005 29 : WEsh P4

shgl wAggsa(R s 4D
= 20044 8¢9 =gt $

<EAPop 1 AR, B, <z g B

g+ ¥ 3|(Beom-Hee Han) 5|9
= 20004 29 : kA ek HARA

ST AR
L2000 39 : QB TIELL A}
57145tk 1)

2010 39 ~ AA) : Adoe

=

12 & 3](Eun-Hee Mo) H3¥

19984 39 ~ WAl AW
VI w20 anass

<EARop> 1 WAL, HAkEEET) St fuela

QERR)

S 19009 ~ @) : ek 4





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


