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Nowadays various kinds of materials have been widely used in the medical field. In order
to develop the designed materials for clinical use, the interaction between materials and
biological system has to be clarified. The authors named it “Biomaterials Chemistry’’, the
newly developed scientific frontier which reveals the chemical and biochemical process
occurred on the interface between biomaterials and living systems.

In this report, our recent results on the analysis of the interfacial phenomenon between
polymers and blood components or living tissues were described.

A group of polyion complexes (PIC) (see Fig. 1) is known to be a candidate for non-
thrombogenic biomateriais. To evaluate blood-compatibility of different types of PIC, the
interaction of PIC with blood components were examined. The amounts, species and the
conformational changes of adsorbed plasma proteins were evaluated with the use of ultraviolet
{UV) spectroscopy and circutar dichroism (CD}, respectively. The interaction of PIC with
blood platelets was examined by passing fresh blood through a column packed with glass
microspheres which were precoated with PIC. Behaviors of platelets on the surface of
microspheres were found to be significantly influenced by the feeding ratio of pelyanion to
polycation in PIC. The degree of aggregation and deformation of adhered platelets was
observed to relate with the degree of conformational change of adsorbed albumin, Among
the PICs examined, newly synthesized P{p-QEAS)-PSSS exhibited the best blood-compatibility.
To prepare blood-compatible adsorbents for direct hemoperiusion, beads type activated char-
coal was coated with P(p-QEAS)-PSSS.

Tissue response to different types of PIC was also examined by the use of microsphere
injection method. Polyanion-excess and neutral PIC were well tolerated in tissue, whereas
polycation-excess PIC was liable to evoke acute neutrophil infiltration and following hyper-
plasia of fibrous capsula. The sensitivity of tissues fto implants were different from site to
site and weakened in the order: subcutaneous tissue, muscle, liver, kidney and spieen.

The authors also succeeded in grasping the image of protein adsorption on the microphase
separated structure of block type copolymers composed of HEMA and styrene. The films of
HEMA-St copolymer were dipped in protein solutions of which concentration was 1/50 of physio-



logical one and rinsed. Thereafter the adsorbed proteins were fixed with formalin phosphate
buffer solution and were dried. These samples were stained by osmium tetroxide. It was
shown that the amount of surface coverage and the distribution state of the protein cor-
responded to the microphase separated structure of the copolymer could be elucidated. That
is, serum albumin is adsorbed onto the hydrophilic domain and aveids the hydrophobic
domain, while r-globulin and fibrinogen are selectively adsorbed on the hydrophobic domains.

Blood-compatibility of HEMA-St copolymer was also examined by microsphere column
method. It was found that the hydrophilic-hydrophobic microphase separated structure
exhibits good blood compatibility due to the inhibition of platelet adhesion and aggregation

in the important initial phenomena of thrombus formation. Effect of balance between hydro-
philicity and hydrophobicity on anti-thrombogenic property is summarized in Table 3.
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Fig. 10. Electron micrographs of HEMA-St ABA-type block copolymer films cast from DMF at
40°C.
A, HEMA mol fraction 0.347; B. HEMA mol fraction 0.608; C, HEMA mol fraction 0.884.
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Table 2. In-vitro testmg methods for examining the interactions between biomaterials and cells
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(a) (b} {c}
Fig. 15. Scanning electron microscopic views of platelets attached to the surface of

(a), Polycation-rich (p)PIC [{p)PIC(+-0.5)]; (b), Neutral (p)PIC [(p)PIC(+0)]; {c), Polyanion-
rich (p)PIC {(p)PIC(—0.5)].
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(a)

(b

(©

Fig. 18. Scanning electron microscopic views of platelets attached to the surface of
(), neutral P(m-QEAS)-PSSS [(m)PIC(£0)]; (b), neutral P(m, p-QEAS)-PSSS [(m, pIPIC(3:0)];

(¢), neutral P{p-QEAS)-PSSS [{m)PIC(£0)].

2.0
o e = e = e e = e
2 mean value of whole Llood
2518
g 14
o
° oy
55
o
250
a
s
[
] &
35 0s¢ )
0 1 1 1
QPVP-PSSS OPLEX P-QEAS)
101 -PSSS

19, Platelets retention on three different
types of PIC.

Fig.

PIC % X8 m O A Shioiig PIC X5
K7 AT I voRERIEL L, BEoREW
B AL N AT LT T & B,

i R S A Y (e oo SR oy e
HLCHa L, Fig. 18, 19 o R %81, HE
IR O AT T (SEM) MZEE sk
4 % b i AL, QPVP-PSSS < Ioplex 101
Pim-QEAS)-PSSS < P(mn, p-QEAS)-PSS5 < P(p-
QEAS)-PSSS DIFKE L5,

—, Fig. 20 14 PIC o KkK—NaBr—7 - b
VETER RO BRIRERCH b, BEREEO
KEmbg PIC © 7 —n s, BKEAOM
ASERANEEMICE o BRI DAY T =4
— B H A vEIOE DM X, QPVP-PSSS
< P(m-QEAS)-PSSS < loplex 101 < P(m, p-
QEAS)-PSSS < P(p-QEAS)-PSSS Dleis s &
BE L b h, MEHEAHE LRVHERSED LR
fr Tiodoh, WEMEIRKTLLES, RV T =
dv—HE Y AT A VD 2 — v EER DI

4 Hir

Fig. 20. Phase diagrams of PICs for a ternary
solvent system (measured at 22~25°C).

—(O—, Miscibility limit of P(p-QEAS)-

PSSS; — @—, Miscibility limit of P(m, p-

QEAS)-PSSS; —A~—, Miscibility limit of

P(m-QEAS)-PSSS; —a—, Miscibility
limit of QPVP-P38SS; —.—, Miscibility
limit of Ioplex 101; «eoreere , Miscibility
limit of PSSS; —--—, Miscibility limit

of water-NaBr-acetone; Concentration of
constituent pelyelectrolyte: 5:x<10-3 M.
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Fig. 21. Platelet adhesion on the surface of
the HEMA-styrene copolymer.
O, block copolymer; @, random co-
polymer,
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(a) {b}

Fig. 22. Scanning electron microscopic views of platelets attached to the surface of:
(a), PHEMA; (b), HEMA-St ABA type block copolymer containing 0.608 mole fraction of
HEMA; (c), Polystyrene.
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Table 3. Thrombogenecity of HEMA-St Copolymers

HEMA mole Block chain (Ma) ppop,.  The number
Samples fraction in e structure  Of effiuent  Morphology
copolymer HEMA{A) St(B) platelets?)
ABA type block
copolymer 0.608 10400 10500  lamella 218,000 round
AB type block
copolymer 0.619 12000 5900 lamella 205,000 round
AB type block
copolymer 0.629 8130 4030  lamella 210,000 round
Comb type
graft copolymer® 0.680 2660 — lamella 189,000 round
Comb type
graft copolymer® 0.694 — 4130  lamella 175,000 aggregation
Comb type
graft copolymer® 0.660 — 11100 lamella 166,000 aggregation
Comb type
graft copolymer® 0.860 11100 St sphere 161,000 aggregation
Random copolymer 0.820 — o e 148,000 aggregation
(zlass beads — — —_ — 155,000 spread out
1 The number of platelets in whoie blood, 248,000/mm? for 1 min at flow rate of 1.2 ml/min.

2)
k]

St(backbone)-HEMA(branch) comb type.
HEM A{backbone)-St(branch) comb type.
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® ABA block (0.608, lamellae}

@ AB block (0.629, lamellae)
® AB block (0.619, lamellae)
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(O
(O

& ABA block (0.888,5t spheres)

O ABA block (0.347, HEMA spheres)

| Random (0.64)

® HEMA {branch) comb type (0.630, lamellae)

) HEMA,St lamellae
} 5t spheres
} HEMA spheres

St (branch) comb type (0.694, lamellac) @
St (branch) comb type (0.660, lamellae) @

|

St (branch) comb type (0.860, St speres) (@

|
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Fig. 23.
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Table 4. Antithrombogenecity of Polymer with a Balance between Hydrophilic

and Hydrophobic Sites

Domain Shape

Domain Size (A}

Antithrombo-
Polymer it
Hydrophilic Hydrophobic  Hydrophilic =~ Hydrophobic genectty
PHEMA Homogeneous — Continuous — o
PSt — Homogeneous — Continuous +
Random-Copolymer*' Monomer Level Monomer Level ~ 10 ~10t +
Block Copolymer* Island Sea 102 Continuous + ot
Stripe Stripe 102 102 +++4+
Sea Island Continuous 102 + 4
Graft Copolymer* Island Sea 108 Continuous +
Stripe Stripe 103 103 -+
Sea Island Continuous 108 +

*]

HEME-St system

Table 5. Adhesion and aggregation of platelet on the surface with hydrophilic-hydrophobic

microphase separated structure

EMA mole g ber :
Samples ITﬂ?action in oo ’I;)l%ee%lun;nt DngTmaltuzn Ttxl'jap Oft s
copolymer  (ergsfcm?) platelets of platelets  erythrocyte
poly-styrene 1] 18.2 225,000 Aggregation —
ABA type block copolymer 0.347 20.1 273,000 Round -—
ABA type block copolymer 0.608 21.2 300,000 Round —
ABA type block copolymer 0,884 30.8 280,000 Aggregation -+
poly-HEMA 1 49.5 249,000 Aggrepation —
Random copolymer 0.640 24.9 205, 000 Aggregation +
Glass beads 200~400 222,000 Spread out e

The number of plateles in whole blood, 340,000/mm?® for 1 min at flow rate of 1.2 mi/min
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R RE = v b r - T B LS FERBEG R
Dl b, EMESROMN A ¥ Lo TEANT
Fig. 24 iR Uiz, Tidbb, HK—HKED 5
A FRD 7 2 BTHRE TR TS 7 vy 76
SR m SR L, EEORKE R X O
B P A4 YERELTERLERT AT I ¥R
IO -y a7y v ERES L, AL 2 v
Sy EENBRER D, o “HEET & vty

S

BB MR REER, 3 L U TRZE LI
BEAREHERL TS0 EEL B, 7o
FivOLE T v - LRBEL, ke
< - FE S, 2 w S ERGESEE Tl m
WS e IRSE X D, B vt R X
BB PG B RO s i w5 LT
WHLO LHEESI N, e T ) v E T v —
F LS, RS ERE T A - e Y v
FaAEe PHEMA = ci#kiEo Fab i
SR A ET TRE L, Bkt Fo 34
AE T B0 LRI EhTVv%, %
2Ty ay ) v Fo iy S ERECHST
Fe vevda—%4f LT 50k, PHEMA
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Whole blood

Antithrombogenicity

randomly @ anized
— distributed = —— _ .. organize .
pratein layer A AAAAA AA '.:_ protein layer
Suspension
homogenious organized  __|
protein layer ABAAAAN protein layer
@ _, organized
Ve Feeffect aam pxotein layer
m microphase
R separated —
— homopolymer ~— [uin— | @w structure
Poly-styrene Poly-HEMA Block capolymer
P2 : Platelet

Thrombogenicity

Fig. 24. Schematic representation of platelet adhesion on protein adsorbed surface.
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Table 6. Microsphere method
(I.N VIVO)

MlcrOSphEFE In]ectmn Method |

Analyms and Diagnosis
Biomaterial Research
Pharmacology
Experimental Pathology
Therapeutics
" Artificial Organs
Drugs (Antitumor Drugs, Affinity Drugs)

(IN VITRO)

Mtcrosphere Column Methﬂd 5

Anaiysis and Diagnosis
Simulation of Foreign Body Reaction
Evaluation of Drugs
Cell Separtion

Therapeutics

Artificial Organs etc.
Cell SEparatlon, Cell Activation

Mlcrosphere Carrier Method

Immunologxcal Microsphere

Cell Labelling

Cell Separation

Aggregation Test (Latex Test)
Cell Culture

(DR ARG o A F1) 44 1

MS #HEATDE, FHE R WCT ;7Y v
Wi, fFeREE, U Bk, HEMR, v 2w s
— o, PRSI, EANNEL S OB S
Ehtn, LATE?S 14 HARKEL T T4
Beitc, KoM Lk BISARTIR > IF
B> B - (VR > MU i B L5 Tk
EREO MRS PR e, iEL, B
JE PPN - BB - JREREO L5 iR Ve g RN
FRT AT, — oo BN s LT T
AHOE « MS o BEIRER X » THUIREIG il
RERIEEIR, WG Y, KT E
ek & D NICBEE R bt X S i TRERD Fr

PR | AR, BRI e
Wik 4 2 v A e {bEHORYE, Bito
B BT L fe A A & P B U

BREVWIRE THS 5,

@PIC DHfE- 5 v A LHEET

Fig. 1 TR Lic/r Fheso PIC OffE .5 v
ARELT, BHEIG O BT O v ETHRAE
SHCIEA L2 A%, 1 ABOBIER I Ui
2 A (AHNER) i TEA Y 3 o v

{a)

(b)

Pig. 25. Microscopic views of the tissue reaction to the implanted microspheres
coated with PIC 2 days after implantation in subcutaneous muscles.
{a), 0.5 mol polycation-excess PIC; (b), 0.5 mol polyanion-excess PIC.
Note the proncunced neutrophil-infiliration observed in photograph (a).
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(EY

Fig. 26.

(b)

©

Microscopic views of tissue reaction to the implanted microsphere coated

with PIC 1 month after implantation in subcutaneous muscle.
(a), 0.5 mol polycation-excess; {b}, neutral; (¢), 0.5 mo! polyanion-excess.
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Table 7. Adhesion of cells on various polymer surfaces (by column method)

Pre-coating

Poly{methyl

Poly{2-hydroxyethyl

Cell species of serum Glass methacrylate) T oly{styrene) methacrylate)
Erythrocyte % 262 53¢ e 0%

O 7% 04 — 0%
Neutrophil % 8325 5207 6345 5%

O —_ —_— J— J—
Lymphocyte X 7204 — 2095 0%

O 2625 — 395 4894

Medium: erythrocyte—physiological saline solution; neutrophil lymphocyte--Hank's BSS..

— 66 —



2L, PIC 4B SBS kil MRiEE A &
WS Rl he o oo THAI AL 2 v b o —
THT ER L THERE & RIFCfo0 &5
HEChh, ¥ 10 FEE COMSEB Tz —

F XA PIC O # BN S ind o T, i,
PIC =—rikbhurvesFv (7227508,
F) DBFER L OFRCEE S SR T A58
LETAZEMEBLUL, ko &t SBS
7wy RS HORMMELHET s Lok
9, P AL, VYy FOREBKI B4
b B HREEES <&, R0 BB R O fEfos
AHECH BT Lo o,

6. w4 T—HREE L E W

Bk X 5, EoFoimE o s an
B, MS bfhMEEDMEfFAE DI Ly v}
737 4 —EEEYRGCTRIFL, BAFosT
fiists T TR 2 R A D B TEIE ok & T iR
RRTT B L LT &, Akeaind
VESEG & & % 53, EoF—Hliaf oMEER
Mot b BECE, CORREL, B
fhofEn, SMEESESTF, MERASSFO
ERE, Ml Hkek O BHRS i & w5 ZhREY in
Hebs ndhorBlhi,

FovHalt, H7LEYRBIY, AM0H
Hil e EASTF o MEfFHOBRERKE L>2H
%o S:ED—% Table 4 wiid, KO,
gV oBR, R EEREL, AVAFLVY, K
Y4y Yy aF, By HEMA, X0
5 A~DEEE AN T3 B &, R TEERD
DB B I RS dD, El, AT AEHLN
Loty va — b LTHE UTh 5 S5
Fo& SELT %o

A TR R T RO T v &, B Y
A v KRR 2 D RIS Th B,
SR RhEmO § 7 v iR HIE S s
TR LR EOMAMERYREL, (744
CErEF LT DAL D, 4 EAER
T JERimpyic characterization UTw<Z &
PEETHL ERARE R TR Y, ZOIFHK
Behiimmsitta s LT, SHRIOFHDML
FraRLTTHTL<2L D Th i

E B

BEREST L4 & DRI 20T v~ A TR
LTwo 5 T HBEMEROE B LED
1o, ¥R o, 3EMicihice T
BAOWREEN AT, ¥, Bl
Hah 2 TF S » fc B EREIRE B g < R
DREFELET, T, ERFERCFCHETS
Hi2TTFE- e (M) HALHKDEPERNS
HIE CHAE L ET,

BreEE (30

1) T. Akaike, K. Takakusa, E. Hiratsuka, K.
Urasawa, Y. Sakurai, K. Katacka, 8. Inoue.
T. Tsuruta, K. Sakaoku and S. Miyata: The
estimation of the bioreactions of polymer
materials by the microsphere method. Jinkd
Zoki (Artificial Organs), 7, 181 (1978).

2) T. Akaike, K. Urasawz, E. Hiratsuka, Y.
Sakurai, S. Miyata, K. Sakaoku, T. Okano,
5. Nishiyama, I. Shinohara, K. Katacka and
T. Tsuruta: The estimation of the local bio-
reactions to polymer materials by microsphere
injection method. Jinkd Zoki (Artificial
Organs), 8, 251 (1979).

3) T. Akaike, Y. Sakurai, K. Kosuge, Y. Senba,
K. Kuwana, 5. Miyata, K. Xataocka and T.
Tsuruta: Study on the interation between
plasma proteins and polyion complexes.
Kobunshi Ronbunshu, 26, 217 (1979).

4) T. Akaike, Y. Sakurai, K. Kosuge, K.
Kuwana, A. Katoh, T. Ohwaki, S. Miyata,
K. Kataocka and T. Tsuruta: Study on the
interaction between plasma proteins and
synthetic polymers by circular dichroism.
ACS Polymer Preprints, 20, 581 (1979).

5) Y. Sakurai and T. Akajke: Interfacial phe-
nomenon in Biomaterials Chemistry. ACS
Polymer Preprints, 20, 387 (1979).

6) T. Okano, M. Katayama and I. Shinohara:
The influence of hydrophilic and hydrophobic
domains on water wettability of 2-hydroxy-
athyl methacrylate-styrene copolymers. J.
Appl. Polymer Sci., 22, 369 (1978).

7) T. Okano, S. Nishiyama, I. Shinohara, T.
Akaike and Y. Sakurai: Interaction between
plasma protein and microphase separated
structure of copolymers. Polymer J., 10,
293 (1978).

8) T. Okano, 5. Nishiyama, I. Shinohara, T.
Akaike, Y. Sakurai, K. Kataoka and T.
Tsuruta: Effect of the microphase separated
structure on interfacial interacrion between

— 67 —



)

t0)

11)

12)

13}

14)

15)

16)

17

18)

19)

20)

platelet and the surface of block copolymers.
Jinki Zaki (Artificial Organs) 8, 292 (1979),
T. Okano, 8. Nishiyama, I. Shinchara, T.
Akaike and Y. Sakurai: Effect of hydrophit-
icity and hydrophobicity on interaction be-
tween polymer and blood protein. Kebunshi
Ronbunshu, 36, 200 (1979).

T. Okano, S. Nishiyama, I. Shinohara, T.
Akaike, Y. Sakurai, K. XKataoka and T.
Tsuruta: Role of microphase separated struc-
ture on the interfacial interaction of polymer
with bloed. ACS Polymer Preprints, 20 571
(1979).

Y. Nitaderi and T. Tsuruta: Synthesis of
soluble poly(divinylbenzene) by lithium amide
catalyzed anionic polymerization. Makremol.
Chem., 179, 2069 (1978).

Y. Nitadori and T. Tsuruta: Lithium amide
catalyzed anionic polyaddition of diviayl-
benzene with N,N‘.diethylethylenediamine.
Makromol. Chem., in press (1979).

J. Yukawa, K. Kataoka, Y. Nitadori and T.
Tsuruta: Synthesis of new monomers by
addition reactions of diethylamine to meta-
divinylbenzene catalyzed by lithium diethyl-
amide. Polymer J., 11, 163 {1979).

Y. Nitadori, M. Maeda and T. Tsuruta:
Polyamine macromers by anionic polyaddi-
tions of divinylbenzene with diamines. ACS
Polymer Preprints, 20, 539 (1979).

M. Maeda, Y. Nitadori and T. Tsuruta: New
functional polymers possessing alkylamino
groups (13). Synthesis of new monomers
possessing primary or secondary amino groups.
ACS Polymer Preprints, 20, 880 (1979).

K. Katacka and T. Tsuruta: Polymerization
and Quarteraization of 1-(2-diethylaminoethyl)-
d4-vinylbenzene: A new cationic polyelectro-
lyte. Muakromol, Chem., 179, 1431 (1978).
K. Kataoka, T. Akaike, Y. Sakurai and T.
Tsuruta: Effect of charge and molecular struc-
ture of polyion complexes on morphology of
adherent blood platelets. Malkromol. Chem.,
179, 1121 {1978).

K. Kataoka and T. Tsuruta: Synthesis and
polymerization of 1-(2-N-aziridinoethyb)-4-
vinylbenzene. Polymer Bull., 1, 23 (1978).
K. Kataoka, N. Ohki, T. Tsuruta, N. Donkai
and H. Inagaki: Synthesis of a cationic
polyelectrolyte by the successive quarterniza-
tion of 1,4-bis(2-diethylaminoethyl)benzene.
Makromol. Chem., 180, 65 (1979).

K. Kataoka, T. Akaike, Y. Sakurat and T.
Tsuruta: Biomedical behaviors of synthetic
polyion complexes toward blood platelets,

21)

23)

24)

25)

Malromol. Chem., accepted.

K. Katacka, T. Tsuruta, T. Akaike, Y.
Sakurai, S. Miyata and K. Kosuge: Study on
the interaction between polyion complex and
blocd components. Jinks Zski (Artificial
Organs), 7, 1070 (1978).

K. Kataoka, T. Tsuruta, T. Akaike, Y.
Sakurai, I. Gonoi, 5. Miyata and K. Sakaocku:
Preparation and properties of polyion com-
plex coated activated charcoal. Jinks Zoki
(Artificial Organs), 8, 296 (1979).

K. Kataoka, T. Tsuruta, T. Akaike and Y.
Sakurai: Interaction between blood platelets
and synthetic polyion complexes. ACS Poly-
mer Preprints, 20, 585 (1979

T. Tsuruta: Biomedical polymers having
amino group. ACS Polymer Preprints, 20,
350 (1979).

T. Mastui, S. Tanaka, T. Akaike, Y. Sakurai,
Y. Nitadori, K. Katacka and T. Tsuruta:
Study on plasma proteins adsorbed on polymer
surfaces by fourier transform infrared spec-
trometry. J. Bicengineering, 2, 539 (1979).

BrER=

b

2

5)

6)

7

8)

- 68 —

-6 EIER

F=q 7w A7 4 7HC L 5B KR OK
(1)), 84 ERARAT R S (1976, 11
W) SRR, pe 17, M, Bk, RS, R
B, €W, &4, ik

Fo7afeaT7 s /AT RE, == b O
REB AV = — OEH &+ OE{EHEENES, 55 6 @
ERES T waey a (976,11, HED): A
gk, p.o 15, KW, i, sk, BER
CEAT-H 5 & el fe A < & OMIIER], 4
SO v Ay a0 (1976, 11, )
S, b 17, il $5E (gl
TR B O ReR SO B ilic-ouwT ), #6m
EAES T Aoy s (1976, 11, diHD): g
R, p. 20, gRih, &EF, Bk

T4 2erA7 ¢ TEC L HDHHDLEEEROM
¥rO(I) Y, 2026 @ ST EadEpois (1977,5.
GO RBHEEESE, p- 551, gRil, EAIE, RUE,
i, s, BB, W05, HH{E

T oI RURC X B UG F—1miltre A v B
IR o FRr), 38 26 @EagTFaatsEioks
(19775, HUM0): INGGEESME, p. 553, flgk, 3
£, Bm, KR, fm, R, BHE
fTndnT 8 2T HRIEES Y ~— (V]
SmFANT S T AAF LV E S — DS
L I R R S VN A N30 < L Y N
5526 Bl ToasE ok (19775, 300) -
IIEE M, p. 89, KW, fSEL

=3 —vibm#: H238 & 77 QAN
Hbfae (19774, HUE): BRI SRR
78 [EEENFRETIE, p. 201, BOOE, Rdb, IEIROH




9

10)

i1)

12)

13)

14)

159

16)

17)

18)

19)

20)

21}

22)

Hege), wF, TR, FEE, HR
“Methodology in Biomaterials Chemistry’’,
IUPAC Post-Congress Symposium in Kyoto,
Session 11A, Biomedical Materials, p. 14 (1977.
9. Kyoto), Y. Szakurai and T. Akaike.

M=4 25271 7HCL5HROEGBRG o &K
(MDY, B 26 EES-TiERS (1977100 3
GO AERETREME, p. 1466, gk, REL, P,
ML RO, EE, WS, R, .

T X FEHaT & B30 F—mdEre A o <
OHEER O ()1, 8 26 ERSFiRes
(1977.20, #m0): WMAREIRLE, p. 1462, N,
R, M, dFL, W, A, 34, i, E
FH.

Ay £y avF vy #a O SHHEERN A~
B, S|TRIENGS Ty # 9 v a (1977,
11, #E): |EH, pe 11, KW, {0, #b,
Bk, EHE, RE

M4 7 e 274 7 X BHBOAEERIEDH
W), BTEERGST YRy s (1977,
1, mgty: BEEd, p- 17, gl %L W,
R, Rk, M, L, f0E, W, EHE
(A 2wzt 7 47 BT Y BB OEMA RO
¥, 15 @AAATENRSES (197711 A%
B): R, p- 82, Rl @R CBIE ER
e, WM, JRL, WE, B, #HEL
Ak ks RV A4 vary ve 72 Akl
Wz v o p H O HILI R OfFHT S, 827 B o

2 AERkds (1978,5, AHIE): B, p. 258,

NI, FaAh, Nk, B, GRnb, B, Y, W
.

T 5 AR L BES TR & MRS & © 1A
R OFN L, HTEESTHEFEIAS (1978,
5 AWy BEUE, p.o 258, i, BOF K
W, S, .

TRV AFvwavrF vy ya b fMie DT
Mok, & 27 EaFaefickse (1978,
5. farER) cBEEE, p. 260, KW, EGE, M
W, SR, RBESE

TeA 7oA77 THICLARIAAF VY 7 b
v 7 AORFEERSEOFT, F: EEE p.
261, Fpils, W OSEER, WBIR, Rk @I, #
W, WIE, .

MHLWT Iveorv—hb 7 YHFY <~
DEMRE T D~ wiBk L U T Ok, H
SEEMAN STy AUy s (197811, 5 :

yEgdkE, po 25, {0, TOF, W0E, R, W,
i, REdE

(FaTs £aay 47 — SHRENHEEIEH ik
Wlbarsads & LT M R, peo 27, W,

Tk, B, AR, MG, i, Bk

TR —EKIY = 2 w G NEGERF T 5 RV~
—ohiMEiEl, W BEEg, p.o 31, WY, @m
AT, BEET, SfRib, BEE, KR, M.

Tz — 9 =28 Ul feae & 5T Kol

23)

24)

25)

26)

27)

28)

28)

30)

31)

32)

33)

34)

35)

36)

37)

— B9 —

i Uic i s o, 8 27 [ T s
Pk (1978.5, AWE): EEHL, p. 254, &
F, Hr, D, #9E UG R, .
T & v s 2 FBFCREFT Y < — Lo
Kikds kUMK O, F: B4, p. 205,
P, wEA, FEEE, i, RO, 3545, B,
s w2278 X % ¢ 7 » HOHERGEOH
g, FE: BRI, p.o 256, W, 2490, {REE,
i, B

T3 2w IBNGEC 51T B IRSE 2 o8 7 B
ML, o 2T MRS A-TLESME RS (19785,
HEE): BRI, po 257, A, D, EN,
S, Bk, WL, EEL, BRI
[RYyAdvavT vy A d Fesiil b il
Ay & OMTEER Y, B 16 B [ A TS,
D24 (1978.9, H|HD, HW, fum, b, B
‘E'FE: I-l\?:f-

TRy AFvavrFreogalickasz s v
O WAEI o WHEME, 27 WRIH TS
(1978,10, 378 : TR, p. 1894, Aul,
S, AVE, BB, BEE, KR, mmib.
CHtR L AT E OFmBEROMR], 13 1B
GFAbEORMEEE e v Koy & (19782, YL
¥ EBEH, p. 13, b

(ST — L AR ERS ORI E O 1
WA, ERESTUMES AT LA ko R
(1978.6. H5): MM (G, p. 1, .
M4 2w+ THEARC L DHE © RiTEf
Fofing, £ 16 BRRATSSY S (1978,
9, D) MEE, p. 138, PR, BN, I,
B, [, AR, M, fhmqd.

(9T O TG et ik
BRI v e v Ty s A0SR0
W, 2T M AT RS (1978011, HE): W
T4, p. 1398, [, M, k. HR

M3 7 eiflgugibEedE 3 5 £ ) = —OHME
M), 516 EACCIESESES (1978.9): 0, p.
1.

T & v -2 2 B RGE 1 BUR—BUR R 2 ¢
O EHEOREE ), WA TR (1978, 11):
gadfe, p. 1390, [(WEF, mEel, #dl, R
THEEAR Y A Fva vy F Ly 2 A L AN
o 7wl & oiREEERL, B 16l A A
Tlsesddods (1978,9, WH0: #HE, o 143,
R, EE, Rk, Bk, W,
(RUVAFvyay Ty RS F m 670 L g
s - oWEER L B, HE, b 86, )ik, 0
M, i, B, EE, e
MEaTFoST-MeE & iEat: il
EEHEI A A vavFre s A0 GTHE o
o, BT e TRe (197811, HH): M
=i, p. 1398, MW, WO, FRiL, B

o= ) = ZFsldh ek X B R Ak i
LU A B ORI, A28 1m0 I



38)

39)

40)

413

42)

43

44)

45)

46)

SFkoRe (197905 ) HEELE, p. 285,
-'Pi}ﬁ:: 133‘:?‘: 7)5??@, ﬁ("ﬁ:! {u.@h H‘I‘%}: ﬁﬁﬁi. L{hﬁ
m

TRV FHvavivy s = FE—mNEEHEE(E
BEsIE RS Al HDavhi—ay
ol B/ MR, p- 256, fngE, KM,
#, EME, fkib, #9F HE, e

i 7 e AFEEINETEE & M & © HEFR
BUE TS A ER R, R BRI,
p- 257, [A%F, wEIL, &M, TEE, &kl Bk,
K, #3E.

[EMA B LA SBS ey g2 Rl Y v
DEFRE E ARE AL B BEHE, po 258
KB, hMEE, CEE, Rk, e, KW, imE.
MEfitdie g+ 340 7 ¢ Fofaigmig, -
PIEHL p. 259, #EH, BOH, Mk, Ei% R
b, B

ST e a7 47 —HE7BHEIER(2):
HREREL T AT 5 Y v AR, #F
Rk B REE) b TR, [ R, p. 260,
BIE, B, R, LU, ik, B

Mo TFHEEBE-ABR 7 <Ly 5 74—
2k SalllasdEoita ), SR 5 maK
KREERES (1979,6, WR): T|EIE, p. 9%,
K, TES, WBTE, U8, #GE, kb, B
FHUAEER AP Hsh st 5 3 7 = fHGHENE
ofey, B R, po 107, FEF, wEl, &
EH) %7{1, ?ﬁj};i, ﬁiﬂus &J!:n J{‘I}ﬁ], ﬁ}ﬁi-
THEVAdvavr T vy 7 A~DMER A H
O FEE ORI, R S8, b 110, g,
Sl KB, EE, i, BEE VR, fm,
FHIE Y vF — AR TULRM 7 A7 3 v D # Y
AAvavF iy s A RO FHHEOFN ],

47)

48}

49)

50)

51)

52

— 70 —

- B, po 87, nEE, FL KB, Em,
i, HE, AR, fH.

““Study on the Interaction between Plasma
Proteins and Synthetic Polymers by Circular
Dichroism’, ACS/CS] Chem. Cong. (1979. 4.
Honolulu): Pelymer Preprints, 29, 581, T.
Akaike, Y. Sakurai, K. Kosuge, 5. Miyata,
K. Kataoka and F. Tsuruta, et al.
“Interaction between Blood Platelets and
Synthetic Polyion Complexes’, ibid.: Polymer
Preprints, 20, 585, K. Kataoka, T. Tsuruta,
T. Akaike and Y. Sakurai.

“Interfacial Phenomenon in Biomaterials
Chemistry®’, ibid.: Polymer Preprinis, 20,
337, Y. Sakurai and T. Akaike.

“‘Role of Microphase Separated Structure on
the Interfacial Interaction of Polymer with
Blood", ibid.: Polymer Preprints, 20, T.
Okano, S. Nishiyama, I. Shinohara, T. Akaike,
Y. Sakurai, K. Kataoka and T. Tsuruta.
““‘Effect of Microphase Separated Structures
on the Interfacial Interaction between Block
Copolymers and Blood Components”, 2nd
Annual Meeting of International Society for
Artificial Organs {1979. 4, New York): Ab-
stract, p. 33, T. Qkano, S. Nishiyama, I.
Shinohara, K. Kuwana, 5. Miyata, K. Kataoka,
T. Tsuruta, T. Akaike and Y. Sakurai.
TR b o B S ~ ERSREN ST © 5753
HEHE LT~ B 12BEEY $ > -
(1979.8, EamAmEs) - EEH, o 28, il
ek, AR, RS



