AAREE T4
43 (4) : 785-789, 2005

mAERER YA 7 OGHET /N1 ADER

SEH fFET - LW H2T - EE T

Development of a Micro-fluid Device for Blood Tests

Nobuyuki TERADA,” Hiroyuki YAMADA™ and Yoshikazu YosHIDA®

Abstract Many studies have been carried out in order to understand the real effects of space environment
on the human body. Our aim is to create a very small, energy-saving vital signs monitoring device capable of facili-
tating simple and precise blood tests in an orbiting vehicle where harsh technical conditions experienced. The de-
vice also has the potential to be used portable and ubiquitous diagnostics systems for medical care at home or
bedside. In this study, we developed a micro-fluid device using laser-processing and resin-lamination methods. A
number of heat-hardening resin films are layered on a soda glass. A laser is used to fabricate part of the channel
on each film for every lamination. The channels are 45 um in depth and 50—150 um in width. The components we
have currently produced were: 1) a trident channel structure; 2) a solid-body flow channel with a micro-pipe,
both of which were designed to make blood cells flow in a single line in the channel for cell counting; and 3) a
micro-flow channel simulating a capillary vessel for measuring blood coagulation, platelet aggregation, and trans-

formation of red blood cells. We have successfully observed blood cells flowing in these micro-fluid devices.
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Fig. 1 Micro fluidic device production process.
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Fig. 2 SEM side view of three-pronged grooves without a
cover film.
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Fig. 3 Blood stream in a three-pronged channel.
Each arrow shows a direction of flow. Blood is flowing
from the center, and saline is flowing from both sides.
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Fig. 4 The flow of blood downstream.
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Fig. 5 Side view micrograph of grooves inserted into a capil-
lary pipe

B LG HTH 5. W AR 200 TR & o T
PELENTWAS,

RIZ, <A 7 aifh7 54 ZAERERL, 254 T %
WL, 4 FF X RVOMHNS X 4 ¥V F x RIVITEHA
HiAKZW L7, B 030 um D234 ORI Z S 2
EMRTE, AMEHEKEAGRT 2T 52 25T
7. &5, ABARKOFENZELTAILICEIVE
6 1R T X ) IR O T AIEATE S L, ARIMERAS—FIZ 3
ATZIRETHN S Z AR T E 72, T T3 TolER

5

6 /XA TREEIIBI LM ORI
KENTHNOF M ER L TWD. ML T DO
M2 S FEAM T, ABEHKITNESAL 7O ST
5.

Fig. 6 Blood stream from a micro-pipe in a flow channel.
Each arrow shows a direction of flow. Blood is flowing
from inside the capillary pipe, and saline is flowing
from the periphery of the capillary pipe.

A ETHANTB Y, MR O _E T O 5 AUIE R 5 6 1
REEAID X O WIHNBIMERD VW Z Ehbrstz. 7z,
Mg & A A KO GRS B T, mEROFENH AR
FHKIZE > TEFA» SO, MERA—FIZIEA TV L
R HERETE 7.

3-3 BOUMEREBOMER & MRXRER

X 7 (LA TS OB X &2 7R L7z, FERICIEy — %
I AR, 1EHIEERERE, 2- 3583 38l
e O, 4BHEERREE RO, 5EEAYO-H
[TERoTWA, MEIFSEHOAY O HHAL, 48
HABHLT3MHE 2/ Ho#RMINE & LTo/MLIZHA
5. MLEBEBY T MEITIEE2S 2)EH 3EH4
BHoOMORKZ@E) 5 BEOROICm,»). FRILiC
L—=#TILL, FIA—FT74VLELBELTNLZ
X D EUIMAE R A ER L2, L= Ao RDOE
X188 um T, IIA—=F 74 NV2ADESITI0 um, 1%
VALY DL —FHNIE1m] THAH. L—FHEHO
ROBEFEZ12um THAH. L—FILOBEIZ, RO Y I
FT) R CEDOBENL L - 725, B BIEITIEM
D, HBEHENC G TEORE(ERT 52 LHTE
2. COEMTIE, ROV A R BEEEI Vv
EZbNA.

AT RED 2 MRS B 72012, T FAEBARKZ H W
THEMEREIT-72. TIA— P T ANV 2ADRDITIMTIC
L—HF2HnwszeT, £ KX, BPREZAHIIEZSZ
EASTE, BOUNAERED 12 1 DR Z MA@ L7245
PUEE L CERT 52 EMEETH D, BREBICL D



(788) HAKE T 43%4 5 (2005 4E 12 1)

Blood outlet Blood inlet

Fifth layer

|

Fourth lay

Third laye
apillary vessel
Second lay

First layer

Soda glass

7 BREADLIAE R I OO BIEm [
Fig. 7 Schematic diagram of a micro-flow channel simulating
a capillary vessel.
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Fig. 8 Red cells passing through an artificial capillary vessel.

F X ANANDT A—=VIIFE L o7 F/2, Fx¥ RN
PICTEA S A AIBIEEIARO ORI X Y, RS IkT 5
WXL, AL —RIZREWT A ENTE.
ARMERIZTELE 8 um O MR CE E A1 ~2 um T
HHLZLEPOLBIRELEEL, ¥ ¢20um - B 45 um O#
P %2 LC, M@ild 2 RMEROREZBILEL 2. K
8 XML N 2 i B RIMLER 2 8152 L 7R T, SAMSE
ZHELTCE T THgE L7z, diim 10 uL/min O, IMER
3R 5 /s THRNTEY, 2T OREL > TN TV 5
B2 Sz, SREbkE T, MERIZH 28 /s T
nNTBEY, MEPROPLE VETOMN T BT R
BT BT 2BIGT LI ENTE.

4. % =

AR 54 COMILIE, MEAIEERT 52 Li2X
DAEPSINTW A, MEAESRIIERA 2 ZRIZ X0 S
n, ERETOEREEEHERF L v s, RIS M4k
D40%H 5 45% % i, T DOTEIRZEALIZ AR O EH PEHER

WCRELSWET 5, GF, RILKBEOKF ¥ 2 NVDFE
F, BRSTREROBVIRMEROFE R, ARImERE H 7z
SEY IR & S A HER R &, ARIERICEE S 2 8 72 e WFZEh )R
FlENTWaD, ARIMEROWILN - {L2EMVEIRZE AL 2 N85
IR A Z &k, BERE, OWE, BN LA
WEERO T, HEICATRTHS., LErLEDVS, £
DOWEITIE, KD ) 2 EERSE L FHEILEL SN,
H¥M RN TH 5. M L TH®RIITbh
B AL LCIE, RMERE, FmEkE, ML, ~
b7y M, NEZFOY VEEL EZET 5B
MWHFTbb.

Sk e, BN, AENRAMKERE= Y 2R3
T AR E LT, UV L—FNLTERIET I 52— T
B HWT, =S, ML TERFA LA
i W, B RE D 3HEO~ A 7 0tk 7 /34
AV Z R AT, TP Z KL, MEROIREZ
BETHI LRI L. ZORE, ZUHEORED S
SIS T NENA T RIEA L AR OV L, Bk
—FNCARTHT 2 L ASHRET, MEREH 7~ b 5%
BICRETHDZ ENW SN E otz 2 ORI LM
INSA TERMAE DR TN AL, MO 4 % A8
TR EORIEAALA AR, BREERT 5. ¥ —R
TV I % S R RE T 20 5 3% 00, Ml ¥ — 2RIk D A e
728, THEEE OFER T DN - KE S OFERZT
v, SHUEFTHMNE TIZB U 2 Mkt s A 7 A
R T 5 L CTHELRBERE RO, T2, ABEERLRY
FH A RTHEHTA2E— TV T L TOMEKRE S X7 4
BWTh, HEHNEEIROZEELL, EHO)
MOFEEZZIFICVEVIFHIIRELA Yy Mk
5.

5, il 4 OMERIH T 24EE 0 EE, WL HEL
DEG W TREZR Y o0 fhe - S TR T & g,
Boryy MIEROZ L, 4 OMERNOYE 5T R
RIGHT £ THRE L 7o B, Z D720, WLEE T TR
R o TWE, BELRWINZE & OMESEELE 20k T
WOABLEDND D, F7 7 4 3D AR DS 1%
WL —H Tl Ze R d L L a2 il LIRS % 2
EIIWRET, M%7 7 A NNEICIE LAAZED L Z il
IR, B, MWEOBINE AR F L3EEADO L —W
C—ATEHIIT 2R TES. SHES N RIEH 72
R BRAS - WIS ICIENS L Z e TR E NG,

ARIMERZETERERE O W A2 \IHEIR G, IFBREHEB DT - &%
Wi RIEICAH 2 TE#MZ 725 TEE2 5N TWAD, K
7RI EARE. STV AR, MR EEE AR AEN 2, M/
BRAERSREIE D, AEZE, LMIZE R & O IHE O TG -
FHIIZANRTHS. T oo 3P R
R R vy —ICE SRl I N TS, IEDE
WEEBROZH IV, TNOMENNY FH A4 FRfEE



FHUEFEI A L MM~ A 7 itk 734 2 O/ER (789)

L ETITZ A/, BT, WP T, BREIL
i =2 EOFFEPLELFENT VS,

LR L - DS T L, B EE LK 020 ~
12 um - X 45 ym OFEHE L L7275, S SISVl e 3
HZENUHETH Y, ¢10 um DT OFBEMIMES & LT
RIMEREEREOFHIZEE ICRBE S nwEEZTwD, 1
DDTINA ANEDR L 2L BORBEIER T 52 &1
Lo T, RIMEREEREOBIL: L MBENMAETEROBLE R &
BEOBREZFKICIT) 2L TH D, T2, AT A
v FIKEIRENT- & OHLAE DR RN O 0 IS AR
X B/ MREE SRR E R E E L THRHTE 5.

L Lads, mlKZ2EKT 57 30— MIROMHEIC
DWTIRMHFZET 4. SHIEL =TI LAES R A
IR 74 VA ERGAS, M E e, /R RE
VxS B SR MR 5 & DA EAERI A 7 I % 38 4R
THLEDND L. BUE, MRS & ORISEMENT 71
YREEY = MRV, BERIEMEHT S L BES
DA TOFHEEEICIY HA TV 5.

5. 5 b ¥

UV V=ML EBET I A — MEZHVT, Mkt
PEOMWEFZ L %5 SHEO~ A 7 0tk 7 /N4 2 %2 4E
WL, TR %7 LINEROBLE 21T - 72, 551
AR, UToEBHTHAS.

(1) =X EORBEFFO~ A 7 0k T34 A %1k
B, MAEEER % 4T - 7258, MKORNIEE
WKHZENTEMIRE LTS Z EATE 7.

(2) #ME ¢ 100 um, M ¢ 30 um D/NEISA T &I A
L7 ViiRi 2o~ A 7 itk 784 2 % VR
L, MERREERZ AT 78, MEkZ —E8ic 1
TR THT Z LATE .

(3) BB EREZFEo~ A 7 Bk TN 4 2 2/
L, MERHE SRR 2 AT > 725 58, AR 12 um OB
M CRMERZ RS S EATE, RIMERDOEIR
EhBlgci .

VLo RE2S, 2o OBIZIMERAE N uTAS 1258
MWRETH B Z LR ME. 5%, B4R X7 24
LOMAEDLEERE L, #HHHIE Sy XEFHSH Y X
T LD, X 5I21E, Bl siA - BWTERIEICRT
72nWEEZTHWA,

X 73

1 INEEEA, BRILE—HB: M - 0%, FHRAS - R 4
PR IR, BE5E, 1998, pp. 119-126

2. Tavassoli M: Anemia of space. Blood. 60(5): 1059-1067,
1982.

3. Taylor GR, Neale LS, Dardano BS: Immunological analy-
ses of U. S. Space Shuttle crewmembers. Aviat Space En-
viron Med. 57: 213-217, 1986.

4, FR—Z E@EIrOERF T2 0 v — WHALER A,
H5E, 2003, pp. 197-222

5. Yoshida Y: 3-D Micro channels in laminated resins by UV
laser ablation. Proc SPIE. 5063: 189-192, 2003.

FH BF (774 /731%)

Bl @ APERAE TR O R T 1 7 X4
Pz, R, SM0E  BREERHA -
AAREE LA - R, 1976 AU R By
ERA AR A, AR IR A BE S HR I s o e,
ETARBR SR X v & —, IR R A
A, INRER TR Ao ERE Yy — &l
T, 2005 4F 4 J7 X 0 B,

Frg s AARER S GREERR), AABAAYS GF
HERR), HATHMZRSERYYS GRERR), HATHAED
Fra GRRZR), DAGH LY, HARERETYZ, OAR
PR 2.

WA #2 (v~v% vook)

P 6 4F 3 HILIFER K= e T4 7 fHE
TP AR A INFYR TE G v 7 —
MieE 3 A, BAE, Wt ¥ — BB
e A TR R, BT S T <
4 7 alnl, CAE.

PRS2 RS, L—WinLea.

EH Z=— (3¥¥% I HR)

1982 AE I HIPE KAWL T4 B3, HUIRR
PETTHHENER, MTERESE W) 4
PEFAEZERT - FPULFFERT 2 48T, 1995 4F X
0, IR KERM S X 7 & TR B #U%.
2000 4F & 0, BWERPHEW T R#0%. T4
it HEM5EE, V=¥, 759X, ¥4 & .
ra<yr. BT —<ik, MiEwAER~ A4 7 gk 754
A, BWHF /TN, h—Krt5E—HAF V.

Frigsraid, KL, Wiy, B85%s, V—%

.




