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Flow Visualization of Blood Cell and Detection of Cell Depleted Layer
Using a Confocal Laser Scanning Microscope

Soo Hee Lim, Wi Han Kim, Ho Lee, Choon Young Lee and Cheol Woo Park

Abstract. In the present study, we employed the confocal laser scanning microscopy (CLSM) system to
visualize the blood flow field with 1x1 um? spatial resolution. Based on the confocal microscopic image
of red blood cells (RBCs), we performed the velocity vector field measurement and evaluated charac-
teristics of cell migration from the cell depleted layer thickness calculation. The rat and mouse's blood
were supplied into a micro glass tubes in vitro. The line scanning rate of confocal microscopy was 15 kHz
for a 500x500 pixels image. As a result, the red blood cell itself can be used as a tracer directly without
any kind of invasive tracer particle to get the velocity vector field of blood flow by performing particle

image velocimetry (PIV) technique.

Key Words: Confocal Laser Scanning Microscopy (3238 #°]A FAF €r| %), Red Blood Cell (¥
), Blood Flow (85 $%), Cell Depleted Layer (%% 83), PIV (FA93454)
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fa : focal depth [um)
HR : hematocrit ratio [%]
Q : flow rate [uL/min]
R : radius of micro tube [um]
Re : Reynolds number
t @ cell depleted layer thickness [um]
u, : streamwise mean velocity [um/s]
LM B

Az} AAge] ¥l 5o2 Q1% A¥AA Fghe)
HjFo] oA ERel AEE A8 f2 2 A

RABgeta 7)1 A TR

E-mail : chwoopark@knu.ac.kr
*AE ek vy 71 Al Fgk
BN 7 A TR

46

A gio] Azks) hFE 2 ok EAA A} &
3fo] 0|8} HolojlA] Bt o} FEA JYEE F
857984 (bio-fluid dynamic) 54 2 |4l o
Az} 7HdEo] FP=o|aL JTHD.

Y {-5-& H79-E(non-Newtonian) 3 537
B9 A (elastic) 54 T 7L lon, WETx
& 7L o] B BA mleto] wi ojFT,. @
H(bloodpll ZFE F7Eol 7K FHWsky
(hemorhelogy) 54 3te] 54 2 |42 HAEaAA 2
3] AzpA 3 JRaA 229 FeA0 = Q3 A
7] A&AQ A7} o] FoiR| AL Jrt.

Yoz oY 71K ARHESS X8I e, 2
FAA BT A E AR T893 A 7R 9%
2 AA U A7 e N E7R] 38T 9
g FYFOEA A7} doted 7 & TS
oAtk & 4 v 2HA HEe] §58 343
7] 913 B A7 o] FoA L Sle Aol ARk
Y42 BERsin AP o} 2 A4S =5 glojA
g ) AETE JHSE 2 deo] okt

ool



F27 dolA T4 @13 o148 BT FE/N LAEFTUS 240 BB A7 a7

H7A) F3Le 043 micro-PIV Al2®l3} 7He
7 3L 7o) UZE FhaL o, A ATAE
o} 1 Bhalge] PP ow Q7oA I, A
A 9] (in-vitro) 271 A &= o] A EA7k siAlel] of

A 7 Qlof vtele fAll el AAEUE AT
chiAgte] & g g 502 Q) FHYAEA Y
71%50] @ol AstHe = Uk

olg| gt AEEH ALY SRS 77 S B
AFME MZE 8IS AT 1 28 3%t A
4 34 23 dlolA A @r7 (confocal laser
scanning microscope, CLSM) 94l €] njo] Q. 33} o]
a1 X2 N ol X3 AEF AAE FH 7}
A ¢ J=E ARG AT

webA, B ApeMe T2 dud A2"S g
3] AR o] wlolAE FH W E/ 758
FHUA Qo] A5 A oA st o & UAHY
EA AR A S B S5 S S s

o} BEg Eo) mAlAE W o)F 549 HE 4]

E

2 ME BX Y Wy

%27 ¥n)7(confocal microscopy)yS  AHE3}
(biophotonics) oFllA E8HT S= tHEHRI B8t
A2 | 2H, 7] B8rdn]7 (wide field micros
copy)t} ml§- $5% FES) S 7HRIF Sl #

FRAWH A7) BBE F e 1D 4T
PR LA ATk,
aL

¥273 du)7e FEdels BYU0E A EHE ¢
oA (37 488 nm, HH power 20 mW)2] L2 W]
71904 WiALZE | 5 5 7R} 290 7% (dichromatic
mirron)E F4E 2 E EA3CHFig. 1). 0] AU
= raster 2270'3d2 ¥ polygon mirror(DT-36-290-
025)9} axis 227]'d-& 13 galvanometer mirror(6240H)
2 A"

ojgA Z2AUE B He gEAXEC
apochromat 40X, Zeiss)S 3l ©]v1% ¥ (imaging
planes) =, HEA=29] 27 W (focal planes)ol] 2x+4
02 FAEY tEIZE water-immersing FE] o]

Detector
Pinhole
Aperture

Dichromatic
Mirror

| aser
Excitation
Source

Light Source
Pinhole
Aperture

Obiective {

Focal
Planes

Specimen

Fig. 1. The schematic diagram of laser scanning confocal
microscopy
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Fig. 2. Photograph of confocal laser scanning microscopy
system
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Fig. 3. Visualized image of red blood cell by using a
confocal microscopy
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3.2 Cell depleted layer detection
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