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Development of biological‘t,issue-polymer binding device for stent-grafting
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Abstract

Stent-graft is a tubular metal web (stent) covered by a woven polyester tube {graft), and is placed inside
of a diseased (aneurysmal) vessel. Recently, this endovascular stent-grafting is one of important techniques
to treat abdominal aortic aneurysms. However, an endoleakage, which is blood flow into the aneurysm, is a
major complication after the endovascular treatment abdominal aortic aneurysm. Therefore, in the present
work, we developed a novel pressure-vibration device, which is optimized for bonding tissue and polymer,
for efféctive steady stent-grafting. This device consists of the hand-piece including the nano vibration
generator and the nano vibration controller, called as Mono-vibration adhesion device. Also, Harmonic
Scalpel was used as an ultrasonically activated scalpel. As a living tissue sample, porcine aorta,

. peritoneum, and pericardial sac were used. As a polymer film, cellophane, vinylon, polyurethane, dacron,

polyester, the silicone rubber, polyviny! chloride, and polyethylene were used. Tissue-polymer adhesion
test was performed as the following procedure. The living tissue and the polymer film were piled up, and it
placed with the blade. The tissue-polymer adhesion was examined under various vibration conditions
(output, holding-time, and frequency). Also, the tissue damage of the joining surface was observed by
hematoxylin-eosin staining. Several kinds of polymer film were able to be bonded to the biological tissue
using both Harmonic Scalpel and Nano vibration adhesion device. Cellophane, vinylon, polyester, and
polyurethane were able to be bonded to aorta, peritoneum, and some part of them were bonded to
pericardial sac. On the other hand, bonding was not admitted regardless of the output or the frequency on
dacron, silicone rubber, polyvinyl chloride, and polyethylene. Histological evaluation was performed for
each polymer-tissue adhesion. Because of heating during adhesion test, nuclear deformation and
vacuolation were observed in the bonding surface. These findings were more evident in adhesion of
Harmonic Scalpel, probably because of its high generating power. Compared with this, in the adhesion of
Nano vibration adhesion device, continuity of the vessel wall structure was relatively preserved.
Therefore, in the tissue invading aspect, Nano vibration adhesion device has efficacy as safer polymer-
tissue adhesion method.
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Harmonic Scaipel I Nano Vibration Device

vessel aban® c.m** vessel 0b.m¥ cm

Polymer film

Ceiluphane + + - 4 + —
Vinylon 4 + +
Polyester + + -
Polywethane % 4 % v YT T,

Polyviny! chlaride . -
Polyethylene -
Polyethylenc terephthalate -
Silicone rubber -
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Polymar Power Frequency Time {second)
{W) {(kHz} 20 30 40 60
Cellophane 2.0 3 - - - -
3.0 ] - + + 4+
3.0 3 - + + +
. 3.0 I & S = + 4 4
Polyester 2.8 12 s = = =
3.0 0 - - - -
3.0 1 - - - +
3.0 8 - - - +
..... 3.0 12 T T 2
Polyuréthane 2.6 2 = = = =
3.0 0 - - -
3.0 3 - - - +4
3.0 8 - - - ++
3.0 12 - - - +
— :failed edhesi +: ful adhesi 441 ful adhesion (tissue burned)
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NANO-VIBRATING CELL CULTURE SYSTEM FOR TISSUE
ENGINEERING

Akio Kishida, Tsuyoshi KimuraTsutomu Furuzono, Toshiya
Fujisato, Tooru Masuzawa

Instsute of Biomsiriats and Bicengineenng. Tokyo Medica) and Dentaf Unn ety

23-10 Kanda-Servgada Chyyoda-kv 100062 JAPAN

One of key factors affecting the cffective application of tissue
engineering is the handlings of cells Especially, providing the large
amount of cell is one of the major concern. Physical stress and
stimuli, such as 2-D streich, static pressure and shear stress, have
been extensively studied for controlling cell function for example,
adhesion, proliferation and secretion of useful proteins. In this study,
we report the effect of physical stimulation on the cell function, cell
adhesion and proliferation. Here, we adopied nano-vibraiion
stimulation system as a novel physical stimulation method. The

quip was bled using piezo-electric actuator and set to
apply micrometer- to nanometer- amplitude. To inveshigate the
effect of nano-vibration, HUVECs, L929 and mouse embryonic
fibroblast (MEF) cells were used as mode! cells, Adhesion and
proliferation of those cells were investigated. In case of initial-

dhesion, the cell adhesion was emphasized by nano-wibration to
become 1.3 times higher adhered cell ber in 1 hour i
The effective frequency was different according to the cell. In case
of nano-vibrating the adhered cells, the proliferation of HUVECs
was promoted at different frequency, respectively. The most drastic
effect of nano-vibration was observed in the case of MEF adhesion
and proliferation As basic study to use this system to stem cell
culture, porcine bone marrow ceil (PMBC) was cultured on this
equipment. The same kind of effect on PMBC was observed. These
findings may lead to a novel cell culture systems to proliferate and
control stem cells. :

bation.
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Engineering evaluation of the quick touch operation and
development of ultrasonically activated scalpel control method
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Nano-vibration and Cells
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Operation assist by using ultrasonically activated scalpel
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ABSTRACT -

The horizontal and vertical nano-vibration
stimuli devices have been developed to study
the influence on the cell functions. The adhesion
and multiplication performance under the nano-
vibration stimuli were examined by using the
MEF cells and the 1.929 cells. The adhesion and
multiplication performance of the MEF cells
was improved with the nano-vibration. The
adhesion performance increased by 50 % with
the vertical stimuli, the multiplication enhanced
by 13 % with the horizontal stimuli. In contrast,
the influence of the nano-vibration on the L929
cells was not observed. It is confirmed that the
nano-vibration could influence the cell functions
and the cell sensitivity to nano-vibration stimuli
is different among the cell sources.

INTRODUCTION

Shortening of the cell culture is one of
requirements to increase the efficiency of the
regenerative medicine. And, the increase of
gene transfer efficiency is also required in the
field of bioengineering. Such improvements are
related to the cell function regulation with
stimuli by using drugs and other physical
signals.[1] It is reported that some receptors on

the cell membrane have sensitivity to the
mechanical stimulation.[2]-[7] We suppose that
the mechanical oscillation under ultra sound
frequency is a candidate of such cell stimuli.
In this paper, we report two vibration devices
which give the culture cells the oscillation
stimuli with nano-meter ordered amplitude and
report nano vibration influence on the cell.

METHOD

Development of the nano vibration devices

The specialized devices that produce the
nono-meter ordered mechanical vibration to the
culture cells have been developed in our
laboratory. One of the devices is horizontal
vibrator that the vibration direction is horizontal,
and the other is the vertical vibrator that the
vibration direction is vertical.

Horizontal vibrator

A schematic diagram of the horizontal
vibrator is shown in Fig.l.: Commercially
available piezoelectric element (NEC TOKIN
CO. AE0203D08) is adopted as a vibration
source of developed actuator. The cell culture
dish is set on the culture dish setting plate and
oscillated. The vibration motion of the actuator
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is transferred to the plate horizontally. The
frequency response of the device is shown in
Fig.2. The device could produce up to a
vibration frequency of 32 kHz and the range of
the oscillation amplitude is from 150 nm to
3,000 nm. '

Culture dish

iiery  Piezoelectric actuator

\‘(,

Fig.1 Horizontal vibrator

10 . _
|
T
g
&
a
10%. . .
10 10% 10 10° 10°

Frequency [Hz]
Fig.2 Response of horizontal vibrator

Vertical vibrator

A schematic diagram of the vertical vibrator is
shown in Fig.3. The vibration motion is
transferred vertically in this device. The
frequency response of this device is shown in

" Fig.4. The device could produce up to a.

vibration frequency of 10 kHz and the range of
the oscillation amplitude is from 15 nm to
16,000 nm.

10° - , ~
E B
3 :
! z;
T
: j
% 107 Ty i0*

. Frequency [Hz}
Fig.4 Response of vertical vibrator

Experiments .

The culture experiments to evaluate the
influence of the mechanical vibration stimuli
were carried out by using both developed
vibrators. The MEF (Mouse Embryonic
Fibroblast) cells were used as culture cells for
the experiment. Firstly, the influence of the
nano-vibtation to adhesion performance was
evaluated. The cells were equally scattered on a

- culture dish and the nano-vibration was

delivered during adhesion sequence for an hour
in the incubator. After the vibration delivering,
the number of the adhesion cells was counted.
Non-treated dishes were used for the adhesion
experiment to enhance the result. Secondly,

the influence to the multiplication was evaluated.

The nano-vibration was delivered to adhered
cells for an hour in the incubator. Afier
delivering nano-viblation, the cells were
cultured for two days, and the multiplicated cell
number was counted. Treated dishes were used
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for the multiplication experiment. The 1929
(mouse fibroblast) cells were also used for
multiplication experiments to check the cell
difference. The delivered vibration frequencies
were 0 Hz as control study, 10 Hz, 1 kHz, and
10 kHz. The maximum vibration amplitude of
each frequency was delivered. The incubator
environment was maintained at a temperature of
37 degrees of centigrade, a CO2 concentration
of 5 %, and a humidity of 100 %.

. RESULTS AND DISCUSSION

Fig.5 and 6 show the results of the adhesion
experiments by using the MEF cells. The
adhesion ratio of the control study is indicated
as 100 %. The adhesion performance was
improved in all range of the nano-vibration
frequency. The vertical stimuli influenced
adhesion performance by 50 % significantly.
The results of the multiplication experiments are
shown from Fig. 7 to Fig.10. The multiplication
ratio of the control study is indicated as 100 %.
The result with the MEF cells are shown in Fig.
7 and 8, and the results with the 1L929 cells are
shown in Fig. 9 and 10. The horizontal vibration

stimulus-with a frequency of 10 kHz influenced

the multiplication performance in the MEF cells
experiments. Also, the vertical stimulus with a
frequency of 100 Hz increased the
multiplication of the MEF cells significantly,
whereas there was no  multiplication
improvement on the L929 cells. These results
are summarized in table 1. A mark “+” is
indicated that the influence was observed and a
mark “-* is indicated that the influence was not

observed.
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(L929, Vertical vibration)
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Fig.10 Multiplication experiment results
(L929, Horizontal vibration)

Table 1 Resultant of the experiment

: Adhesion Multiplication

.|Horizomal |Venical [Horizomal [Vertical |

: + + + + MEF
- - 1929

The nano-vibration stimuli influencéd adhesion
and multiplication performance of the MEF cell.
However, the influence on the multiplication
performance of the L929 cells could not be
observed. It is confirmed that the nano-
vibration could influence the cell functions and

the stimulus sensitivity of the cells to the nano-
vibration is different with the vibration direction.

Also, the stimulus sensitivity is different among
the sources of the cell.

CONCLUSION

The horizontal and vertical nano-vibration
- stimuli devices have been developed to study
the influence on the cell functions. The
adhesion and multiplication performance under
the nano-vibration stimuli were examined. It is
confirmed that the nano-vibration could
influence the cell functions. -
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