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Abstract

A calorimetric measurement chip system was developed using the centrifugal force,
which enabled us to separate of blood collected by a painless needle, meter and mix
both plasma and reagents. The chip function was confirmed for observation of curing
course of hyperlipemia,
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1. Introduction

A calorimetric measurement chip system has been developed to prevent life style
related diseases at home [1]. The system aims at the following functions; (1) electronic
collection of whole blood of 6 pL using a painless needle, (2) a chip operation using
only centrifugal force, (3) simultaneous separation and metering of the blood, (4)
mixing of 50~100 of reagents : 1 of plasma and (5) development of freeze-dried
reagents for long-term preservation.

2. Chip Operation

The chip structure consisting of three layers and the actual chip are shown in Fig,
1(a) and (b). As shown in Fig. 2, rapid acceleration until reaching to a stationary
rotation at a 1% layer separates plasma upward and blood cells downward in a zigzag
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Fig. 1 Three levels structure of the chip (a) and Photograph of the chip (b) simultaneous metering of plasma
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channel. Then, blood cells are first captured at a final channel, and plasma passes over
blood cells, thus falling into three metering chambers with a volume of 0.4 plL. Figure 3
(a-d) shows a series of photographs which demonstrate these metering, transport and
mixing processes of plasma and reagents A (18uL) and B (6uL), where colored inks
were used for the observation. The reagent A introduced to the 1*' inlet in (a) is metered
by the centrifugal force together with plasma in (b). After rotating the chip at 90 degrees,
centrifugal force transports both reagent A and plasma to the 2" layer and shaking
serves mixing/ reaction of them at five min. At the same time, the reagent B introduced
to the 2" inlet is transported to the 3™ layer by passing through the 2" layer and is
metered by centrifugal force. Finally, the reagent A and plasma mixture in the 2" layer
and the reagent B in the 3™ layer are mixed employing a zigzag channel (see Fig. 4),
whose inner wall has protuberances, causing turbulence. Figure 5 (a-d) shows a series of
the mixing progress of two solutions with and without fluorescent dye. A special feature
of the zigzag channel is that an outside flow in an upper channel undergoes turbulence
in presence of protuberances and in tum an inside flow in a lower channel undergoes
turbulence. Repeating of the process accomplished the well mixing.
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Fig. 4 Mixing zigzag channel,
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Fig. 5 Mixing process at zigzag channel. At (b}, outside flow in an upper channel
undergoes turbulence and inside flow in an lower channel undergoes turbulence.
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3. Measurement
For practical use of the chip, long-term preservation of reagents was also studied.

After A and B reagents A and B for triglyceride (Wako Junyaku) were added to
toreharose at 10 weight % and were freeze-dried. As shown in Fig. 6, any decay was not

observed even after one month.
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Since a researcher in our laboratory
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suffered from abnormal high triglyceride 3 02 RT
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by purified water. We confirmed gradual
decrease of the value.

4. Conclusions Fig. 8 (a) Monitoring of position of blood

This chip allows us 10 test TePIeSENtative ronsction using needie oo
items of triglyceride, total-cholesterol and HDL. SELanns
The capability is expected to prevent life style

related diseases.
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ABSTRACT
A calorimetric measurement chip system was developed using the centrifugal force, which enabled us to separate the
blood collected by a painless needle, meter and mix both plasma and reagents. The chip function was confirmed for

observation of curing course of hyperlipemia.

1. Introduction

It has become a serious issue in Japan that the rapid
increase in the aged society increases the medical cost for
person of advanced years. Prevention is important for them
in order to live a healthy life. For the goal, a healthcare chip
system has been developed to prevent life style related
diseases at home [1]. Currently, compact diagnostic
systems are commercially available [2-6]. These systems
can examine checking items more than 20, while they
needs blood collection of about 100 pL, which requires
medical doctor assistance. Therefore, the present system
first aims at calorimetric examination of 3 items such as
triglyceride, total-cholesterol and HDL from analysis of
blood of 6L using a painless needle. This paper describes
developments which allow a chip operation using only
centrifugal force, simultaneous separation and metering of
the blood, high mixing ratio of 50-100 of reagents: 1 of
plasma and freeze-dried reagents for long-term preservation,
and variation of triglyceride level for months is also
reported.

2. Chip Operation

Fig1. Three layers structure of the chip.
The chip structure consisting of three layers are
shown in Fig. 1. A needle setting portion, blood separation

region, three plasma metering chambers and injection holes
and metering tubs for reagents A & B are fabricated on a 1=
layer. A 2™ layer has through-holes introducing the B
reagent to a 3™ layer and mixing tubs for metered reagent A
and plasma. The 3" layer provides storing tubs of metered
reagent B and three zigzag mixing channels for
plasma/reagent A and B, and three measurement cells.
Figure 2 shows a sequence of the blood separation
process. At first, (i) the needle after the blood collection is

X Centrifugal center

Needle after
# plood collection

Fﬁ_.i_.
-
0
Capillary .
valye h*'?
T, 2
Plasma . - T
’r @——0.4 4 L plasma
Blood cells C
(i) (iv)

Fig2. Sequence of blood separation process
(i) Insertion of needle after blood collection,
(i) Trap of blood, (iii) Separation,

(iv) Metering of plasma to three 0.4 pL chamber.

inserted. (ii) Subsequently, the centrifugal force at a low
speed trap the blood in a capillary and (iii) the continuing
rotation at low speed separates plasma over blood cells.
Finally, the strong centrifugal force conveys separated
plasma through a capillary valve and shares plasma into
three metering chambers with a volume of 0.4uL.

Figure 3 (a-d) shows a series of photographs which
demonstrate these metering, transport and mixing processes
of plasma and reagents A (18uL) and B (6uL), where
colored inks were used for the observation. The reagent A
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Fig. & Mixing process at zigzag channel, At (b}, outside flow in an upper channel Fig. 8 Day-dependent decay characteristics
undergoes turbulence and inside flow in an lower channel undergoes turbulence of Triglyceride reagent B +10% Treharose

introduced to the 1™ inlet in (a) is metered by the
centrifugal force together with plasma in (b} After rotating
the chip at 90 degrees, cenirifugal force transports both
reagent A and plasma to the 2™ Jayer and shaking serves
mixing/ reaction of them at five min. At the same time, the.
reagent B introduced to the 2" inlet is transported to the 3%
layer by passing through the 2% {aver and is metered by
centrifugal force, Finally, the reagent A and plasma mixture

o st
1z 2%28
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& lipid-lowering agent made by Sankyo Pharmacy

Fig. 8 (a) Monitoring of position of blood
vessel by NIR irradiation, (b) Blood
collection using needle

Fig. 8 (a) Introduction of freeze-dried
reagent recovered to solution,
{b) Actual measurement

plifiiges

Fig. 7 Day-dependent triglyceride level by use of "Mevalotin™, which is

in the 2™ layer and the reagent B in the 3 Jayer are mixed
smploying a zigzag channel (see Fig. 4), whose inner wall
has protaberances, causing turbulence. Figure 5 (a-d) shows
a seriss of the mixing progress of two solutions with and
without fluorescent dye. A special featwre of the zigzag
channel is that an owside flow in an upper channel
undergoes turbulence in presence of protuberances and in
turn an inside flow in a lower channel undergoes turbulence.
Repeating of the process acecomplished the well mixing.
3. Measurement

For practical use of the chip, long-term preservation of
reagents was also studied. After A and B reagents A.and B
for triglyceride (Wako Junyaku) were added to toreharose
at 10 weight % and were freeze-dried. As shown in Fig. 6,
any decay was not observed even after one month,

Since a researcher in our laboratory suffered
from abnormal high triglyceride level, course of the values
were measured by taking a tablet of Mevalotin of a lipid-
lowering agent (Sankyo Pharmacy) for about 4 months as
shown in Fig. 7 employing the present chip, which was
introduced by blood collected using both visualization of
blood vessel with NIR and detection of vessel position due
to potential measurement between an arm surface and
vessel (see Fig. 8)[2] and freeze-dried triglyceride
reagents+10% toreharose (see Fig. 9) recovered by purified
water. We confirmed gradual decrease of the value.

4. Conclusions

This chip allows us o test representative items of
triglyceride, total-cholesterol and HDL. The capability is
expected to prevent life style related diseases.
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‘ 2 7 p . S A . 1 2 Droplet device aiming 1o be used for multiple immunoassay detection

Chang Chia-Hsien', Hiroki Ogawa’, Hashioka Shingi'and Yasuhiro Horiike'

Wational Institute for Materials Scierice (NIMSy, Adbic Tnorp;*

chang.chiahsien@rims.go.ip
Introduction: The concept.of a microstotal analytical system (1-TAS) hes emerged as'a means of providing Detgetion
vital technology to enable ‘medical POC possible. This study reports a immunoassay device for interféron i e
(IF1-y} detection employing droplets, aiming at future multiple analyses detection. Ofl inlef
Experiments: The PDMS based chip was made using hard-embossing procedures; in which the embossing
mold was 8i fabricated nsing 1CP dry- etching technology as well as fo reform a hydrophobic surface with
Teffon on microfluidic channel.-Syringe pumps were used to provide transportation for both carrier fluid (oil)
and analytes (can be antibody and antigen based solution) at 2 speed ranging from 0.1 pl/minto 10 pLimin,
Results: Figure | shows the immunoassay chip, which are droplets formation, incubation, Tusion, mixing and
detection: As shown in Fig, 2, droplets up'to 20 pb can be generated in the device
owning to the “jet” channel design for analyies outlet rather than simple T channel.
Asshown'in Fig. 3; the “jet” channel desigii contributes greatly to fusion function,
In addition, fong microfluidic channel (ste Fig. 1) to increase incubation fime is

also designed. as well as the wave-like channel wall is used to trprove mixing.
However, there is still room for detection limitation to be improved in our case, Regentinlet 1
* Figwre 1
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Fabrication 6f nano-gap DNA diagnosis chip containing pre-treatment device
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