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Development of biological tissue-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 effective 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 polvmer film, cellophane, vinylon, polyurethane, dacron,
polyester, the silicone rubber, polyvinyl 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 10 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, pelyviny! chloride, and polyethylene. Histological evaluation was performed for
each polymer-tissue adhesion., Because of heating during adhesion test, nuclear deformation and
vacuolation were abserved 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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(42) Cell Culture on Nano-Vibrating Surface for Controlling
Cell Function

Ito Y., Kimura T., Higami T., Fujisato T., Kato A., Masuzawa T.,
Kishida A.

Tokyo Medical and Dental University, Institute of Biomaterials
and Bioengineering, Tokyo, Japan

Sapporo Medical University, Sapporo, Japan Osaka Institute of
Technology, Osaka, Japan '

Ibaraki University, Ibaraki, Japan

Introduction: Handling cell function is one of important factors
for preparing functional cell groups. Recently, physical stress, such
as hydrostatic pressure and shear stress, has been studied for
controlling cell function. These systems are inspired by physio-
logical stress. To examine the influence of non-physiological stress
on cell function, we developed nano-vibration system. In this study,
we report the effect of nano-vibration stimuli on cell function—cell
adhesion, proliferation and differentiation.

Methods: To investigate the influence of nano-vibration on cell
adhesion and proliferation, L929 cell and MEF were used as typ-
ical cells. In the differentiation experiment, PC12 cell was used.
All cells were vibrated at 10 kHz for | hour everyday for 4 days.
Then, the alternation was studied by counting cell number, ob-
servation of cell shapes and gene expression analysis using real-
time RT-PCR.

Results: In L929 cell, there was no effect of nano-vibration on ad-
hesion and proliferation. On the other hand, MEF cell showed drastic
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change in adhesion and proliferation by nano-vibration. PC12 cell
was hardly differentiated without nerve growth factor (NGF) addi-
tion, irrespective of nano-vibration. On the other hand, with NGF, the
cell differentiation was promoted by nano-vibration in early culture
period. However, the level of integrin and neuritin gene expression
was not different in both nano-vibration and static culture.

Conclusion: We found that nano-vibration was effective on cell
adhesion, proliferation and differentiation. These findings may
lead to novel cell function controlling systems for stem and pro-
genitor cells.
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Polymer-biological tissue adhesion using novel pressure-vibration system

T. Kimura", K. Shiba", K. Yamamoto®, A. Kato?, T. Masuzawa?, T. Higam?, A KishidaV,
" Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University, 2-3-10 Kanda-surugadai,
Chiyoda-ku, Tokyo, Japan, 2 Ibaraki University, Ibaraki, Japan,  Sapporo Medical University, Hokkaido, Japan

Introduction’

In surgical operation, tissue bonding using suture
and tissue adhesive agents is one of basic technigues,
Although the sutured tissues are strongly joined, the
accomplished skill is demanded from surgeon when

. -small tissues are joired. On the other hand, tissue

adhesive agents are easily handled, whereas the low
bonding strength to tissue and low biocompatibility are
essential problems. Therefore, it is necessary to develop
simple and safe method for tissue bonding. Recently, it
was reported that the ultrasonic scalpel could coagulate
and incise vascular branches owing to mechanical
vibrations, in which heat was generated at 80 degrees and
vascular proteins, such as collagen and elastin, were
coagulated. The damage and inflammatory reaction was
relatively low at the coagulated and incised tissue.

In the present study, we focused on the
coagulation of tissue using ultrasonic scalpel and
investigated that the bonding of tissue-tissue and
tissue-polymer using ultrasonic scalpel. Also, we
developed a novel pressure-vibration device, which is
optimized for bonding tissue and polymer without
incision,

Materials and Methods

We used two devices for tissue-polymer adhesion.

Harmonic Scalpel (ETHICON ENDO-SURGERY a
Johnson & Johnson company,) was used as an
ultrasonically activated scalpel. The -Laparo Sonic

Coagulating Shears (LCS) type of the hand grip was used.

Also, we developed new device for tissue-polymer
adhesion. We named this new device “Nano vibration
adhesion device”. This device consists of the handpiece
including the nano vibration generator and the nano
vibration controller. For living tissue sample, porcine
aorta, peritoneum, and pericardial sac were used, Each
tissue was trimmed, and made it for the sample piece of
158 15mm. For a polymer material, polymer films such
as cellophane, vinylon, polyurethane, dacron, polyester,
the silicone rubber, polyviny| chloride, and polyethylene
were used. The thickness of the films was 0.1-0.5mm.

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 blade tried
respectively where heat. was generated to the polymer
film. Then, the vibration condition (output, holding, time,
and frequency) of the device was made various
respectively and bonding was examined. Also, the tissue
damage of the joining surface was observed by
Hematoxyrin-eosin staining.

Results and Discussion

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.

(4)

(B)

Figure.1 Polymer-tissue welding using Harmonic
Scalpel (A) polyurethane - aorta welding (B) vinylon -
aorta welding

Conclusions

We have successfully developed the nano vibration
adhesion device for polymer-biological tissue welding.
This device is expected to be an useful technology for the
fixable stent or closure of biological tissue.
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A circulatory system simulator and evaluation of magnetically suspended artificial bearts
ORA AHKEKBKRFXFP) E 8 BEBRAFLEN)
IR BAEBRBEKRFERFEDR) Daniel L Timms(7" Y > A F ¥ — /L X95Kk7)
Hiroaki KUROSU, Ibaraki University, 4-12-1 Nakanarusawa, Hitachi, Ibaraki
Toru MASUZAWA, Ibaraki University .

Kentaro ISITUKA, Ibaraki University
" Daniél TIMMS, The Prince Charles Hospital, Australia

We have developed a circulatory system simulator which reproduces hemodynamics, which means change of pressure and flow
rate, to evaluate a circulatory therapeutic device such as magnetically suspended artificial hearts. The simulator consists of eight
chambers, an air compressor, two pinch valves and four check valves. The circulatory system simulator simulates the hemodynamics
of a patient with left heart failure by changing several parameters. Left ventricular assist circulation is performed using the simulator
and a radial type magnetically suspended pump developed in our laboratory. Developed simulator reproduced hemodynamics suitably.

Stable range of the magnetically suspend pump and its sufficient ventricular assist performance was confirmed.

Key Words: Circilatory system simulator, Magnetically suspended pump, Artificial heart
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Outer rotor
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Fig2 Magnetically sus'pended centrifugal pump
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Table 1 Hequjmamics

 —~——— | Normatsest: | Lef heart fuilure
Heart rate [bpm) 60 . 60
LVP [mmHg] 0~120 15-80 -
AoP [mmHg] 80~120 50~70
LAP [mmHg] 8~10 18~22
Perfusion rate [L/min) 5 2~3

LVP, left ventricle pressure; AoP, aortic pressure;
LAP, left atrial pressure; .

3 RS UESR .
BEXFBLVELEFLBELEHICBT 2BRE
¥ % ab—¥ OEBRREOEILE Figs (2), B)IZTHE
IR T, REECIRLEEN-28~147 mmHg., BHARES
83~117 mmHg, L BIEH 9~11mmHg. B %9 4.8 Lmin,
ELEFREBAE CIILEEH-2~88 mmHg, WAREHD
55~69 mmHg, LB EH 20~21 mmHg. 32 HER#3.0 L'min
ERY, HEOFHBRYEL IZITMECEL, LEED
BESEHRELCS L UCREERBEHOBIREICHLS
NP ERBEOFREIZ, @REOMBIEFNPAETDLE X
KRBETIKBEILEDbDEEZLND, ARRME
FEEYV—T4 o aRSLERESTIILICTLY, @
BAELZEXDE, SEAEXRYIaL—FEATLRBOR
BicAWER, BRBIERICEDR AT ST 7
FMEOERBERGEICLERATERE S LS, ELOZH
BRIt BH3BRRZV I a L-2OUBRIEOEILY
Fig.3 (o)io™d, BREERL 72AVELZEHT S
T & T.BAREIZS 63 mmHg 526 9 120 mmHg ~ifim,
LBIEIR# 21 mmHg A 549 6 mmHg ~BP L, ElFR
Err3AfREREhE, Sbiz, BHEIEH 3.0 -
L/min 72564343 L/min ~& 30 L. #HBHERPHRI
BCE, ERMLEELEHBFICHIT DA 5D
DL BOUESE Figd IZRT, @IX. -7V 7B
- (015 psec) T L DI E ., FHINA a0 BEE LKA
BRCTuy hLELWDOTH D, ERHTORISNE

- 4

{1 0.4~1149 pm, ELEHIFITIE 24.0~149.1 um

EREUTEN, FHMEITRA400um THE D, FiE
MO TORKR EFRBHTCLRRT S L

RCERTEBI L EMBLY,
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160
= 1397
£ 100
N

40 B

& :
13
g \r /
B o0 e
¥ M o~ i .

240 =g
70
(8) in continuous flow (b) in pulsatile flow
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(1) Daniel Timms,Mark Hayne,Keith McNeil,Andrew
Galbraith : A Complete Mock Circulation Loop for the
Evaluation of Left » Right , and Biventricular Assist
Devices, 29(7). pp.564~572, 2005
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Evaluation for cardiovascular devices
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Fig. 1 A circulatory system simulator
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Fig.2 The pressure and flov
of the pump under the
LHF conditon at 1400rpm
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Share stress analysis around the cell under nano-meter vibration excitement
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FOHERERRICRZ D Z Ehs, BIFETAIZEREROM
MEBRRIROMIE E X, Fig.] ()izAR@ACEMEROE
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3+, STHUIRIZ—D 100 pm DEFROMHEEE L, EOMIK
2—i0%Y 1000 A vak L, Figl (a)DMBIRANDK Y X1
MBS am & L, MEi{EORDIZ, BMRAEIKE L, M8
REGICERLTWSLRELE, ftkidk, #hxBHe
L., iBEIIA >V Fa—FNOBRELFELCL 37(C)E LT
HEFHoN, FBRFIZHVWTREBK L RHEEIZ, 10H2
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BEHstENeRELE,
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QDX Ik 3,
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Fig.1 Analysis models and flow results
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Fig.2 Estimated share stress around the cell
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Tissue adhesion technology with integrated fow level energies
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(EFHEE) BEAEREROEEEY Fig. 1 I07T. R
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Development of nano vibration cell stimulus device |
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Development of catheter type stent adhesion manipulator
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0.75 MPa, REHIEE 0.5 um & L1,

anourism

blood vessel SMA
Fig. 1 Catheter type manipulator
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Evaluation of mechanical property of DLC films coated on polymer substrates for biomaterials.

BE RF XK

' = Isao NAGASHIMA, Department of Mechanical Engineering, Ibaraki University
- 4-12-1 Nakanarusawa, Hitachi, Ibaraki
Kazuhide OZEKI, Department of Mechanical Engineering, Ibaraki University

Diamand-like carbon (DLC) and fluorinated diamond-like carbon (F-DLC) films were prepared
on polymer substrates using radio frequency (RF) plasma enhanced chemical vapor deposition
(CVD) by changing the ratio of carbon tetrafluoride (CF,) and methane (CH,) . Raman spectra
ko and XPS spectra werc measured. The contact angle of aqua destillata droplet on polytetrafluoro-
E | ethylene(PTFE),DLC and F-DLC film were measured. Wear resistance of DLC and F-DLC film
A were measured by ball-on disk test. As a result, C-C bond decreased and C-F bond increased
3 with increasing F incorporation, The maximum contact angle was 98.1+3.1° at CF,-40%.
Wear resistance of F-DLC film also improved with increasing F incorporation.

Key Wards: Diamond-like carbon; Fhwrjnated diamond-like carbon;

F-DLC oRLii: CHy, CFd¢ AR BAIH THREL., &M

BizET D CF M AFEME % 20, 40, 60, 80, 100(%)& L

7o B4R IS X Uﬁma&#& Table.1 12571, DLC EWF-DLC
BRI, Od[pum)& Lk,

Teble.] Experimental conditions S
Pre-treatment(O,,N,) Deposition
(CH,CF,)
Flow me[ﬁccm] ‘ ‘ 40 40
Power supply[W] 250 . 250
Pressure[Torr) 0. 0.1
Electrode distance{mm] 45 4

3. REHE

DLC R UFF-DLC MERD TR T D dis b—HFFw it
K3 (RA A NRS—2100 %) 2RIV T o417
oo BARIT Si MV, £ DLCBROBRT A~ 15y
B Bicshlo, XPS(X BB IRDIT) £17-72, KR
Si #HW,

DLC MERODE - Hokid: 4 MM D7 i, ERAMSIT-1-, 3
#RE PTFE #(EM L, ZEEA Qul) ERBHCRTLTRNER
177, £7o, DLC MIHOTRESEEAE % S+ 57212, Ball-on disk
WBEITof-, BiRIZ, PTFE 248/ L. FikidimmaRm s
BoborER LA, F—MizF L AR (ERD=3.96mm)
DHNEER L, HERHIHEE 0.021(m/s),HT1(0.5N), R
{100rpm) & L. 10 AR E 1T o7,

4 RBER

V—H 52 DHGITRERE Mig L LT, TSNS,
CF+60%% TIt 1650(cm-I{H & 1350(cm-IHHITC ' — 7 8,
5h, £1Fh G-band, D-band & FEIN A DLC DY L°—

IMRLND I EhH, DLC CHH LB TEN. CFe-80%i
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Adsorption of drugs on sputiered hydroxyapatite film
O Hhiwmd (BN, RENE (GURAF)
Hirotuka YOSHIHARA, Ibaraki University, 4-12-1 Nakanarusawa, Hitachi, Ibaraki
Kazuhide OZEKI, Ibaraki University

Hydroxyapatie(11A) film was prepared on stainless steel{SUS316L) plate using radio-frequency magnetron sputtering and
treated by the hydrothermal method. The hydrothermal treated 1A film was charactierized by an X-ray ditfractometer{ XRD)

5 and a scanning electron microscope(SEM). Adbesion test of HA filim perforied pullout test. Adsorption of albumin on HA
- 1,

A s ot e L B L R B Y

film was measured. The XRD results showed high crystallinity. The crystal growth of HA was observed by a SEM.

Adhesion test results of HA film indicated that bond strength of 1A fikn was improved by the hydrothermal method.

T »‘~'~'v4!‘-*:§-"~‘s~'

Adsorbed albumin on HA film increased with hydrothermal treaiment times.
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