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Abstract: In this study, we successfully synthesized a novel shape-memory hydrogel based on
poly(arbutin) (PArb) and PEG as a hard and soft segment (HS and SS), respectively. PArb was
first prepared by the oxidative polymerization of Arb with a reactive Arb, which possesses tosyl
group at the 6 position of OH function of the glucose unit, and conjugated with PEG having NH»
functions at the terminal. Differential scanning calorimetry was used to calculate the crystallinity
of the PEG segment in the resulting hydrogels, which was ranged from 62.8 to 77.5%. Polarized
microscope study showed the well-dispersed PEG spherulite crystals in the hydrogel, confirming
that the PEG segments were uniformly dispersed in the copolymer film. In the wide angle X-ray
diffraction measurements, diffraction peaks characteristic of monoclinic crystals of PEG were
observed around 26 = 19 and 23° in the hydrogel. The gel was heated to 60°C and made a bent
shape. This shape was fixed by cooling it at room temperature. When the film was heated above
60°C again, it quickly recovered its original shape immediately, indicating that it has good shape
memory properties.
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Table 1. Oxidative polymerization of Arb and TArb @

Feed
Run

Arb : TArb Reaction Yield
— —  time (h) (%)

mol%
1 7 3 48
2 7 3 72
3 7 3 120
4 5 5 48
5 5 5 72
6 3 7 48
7 3 7 72

46.0
68.2
61.7
72.4
88.9
73.0
74.5

o
mol% M, (kDa) M, (kDa) M,/M,
67 33 56 8.9 1.6
70 30 9.3 11.4 12
7129 117 158 1.3
4357 59 8.6 14
4 56 7.6 8.9 12
28 72 45 7.0 1.3
25 75 6.4 73 1.3

a) Conditions; O, atmosphere, 60 °C, Tris HCI buffer, Cu-TMEDA 8 mol%, b) Determined by GPC (NMP,

PSt standard)

Table 2. Results of gelation
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> N fee <
T HDS 72=0.1~2 OFIH T 1 NMPY» 8 2 8.00 1 0.1 Gelation 33
/b‘/]/ 4\‘@%11 \bjllﬁﬁﬁ%% 2 NMP 8 2 8.00 1 0.15 Gelation 27
3 NMP 8 2 8.00 1 0.2 Gelation 55
AT, ﬁ%ﬂﬂiﬂg@ 7/7 2N 4 NMP 8 2 8.00 1 0.25 Gelation (39)
PEG F KugdD & PArb,-co- 5 NMP 8§ 2 8.00 1 0.5 Gelation 59
6 NMP 8 2 8.00 1 1 Gelation 67
kg s AN paIEg v 2
PTArby Lrﬁ_‘éf EYON 7K$ frl {zlg ;Eﬂ:f 7 NMP 8 2 8.00 1 2 Gelation 69
Ejz [/f’ fiy v \ﬂ'g U -~ Zﬁ ﬁ% % j"[/f: ) NMP; N-methyl-2-pyrrolidone, b) Gel fraction (%); water-insoluble part
71; &b 75 > b‘/ I/ @7\7))1& T Table 3. Thermal properties and crystallinity of PAPTA,PEG, (z = 0.25, 0.5 and 1) gel
l/f_o PEG-diamine  Ts in copolymer : NH, in PEG- 7 PAXPTAA;PE)G7 gel )
Table 3 z T%Edﬁéﬁ%}\& M, (kDa) diamine (‘:“C) (J/g) (02))
%(DSC){ A2 - TR 3.35 1 0.1 - - -
8.00 1 0.25 52.6 146.6 73.7
DI VORI, Rl 8.00 1 0.5 519 123.6 62.8
VHANE— FER LD 8.00 1 1 60.2 152.5 775
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Figure 4. WAXD profiles of PAgPTA,PEG, (z=0.25, 0.5 and 1) gel

40

eV T WAXD HIliEZATV Y, PEG O a4 HEE L7z (Figure 4), 20=19, 23°/Z PEG @



2023

BURHE RO MR 72 [mHTe — 7 MBS, AR 6 cn
17 /L HC PEG 3 bl CODZ L AR LT, 7} 24m
B C/RLT- PEG-diamine & PAPTAPEG, gel DIRIHTE oo \
—IE B BEBRREMTITRLTEY, l I swelling -
PEG OE A ENDIRWNEEZFD 7 MIREZ N, =
I%. PArb 12X CTE AT 2 PEG OEIG B/ NIWGE
121X PEG OfE k1723 HS ThD PArb DA% Swelling degree; 452 %
T, RN E LD 2 THLHESZ ZBILD, Figure 5. Swelling behavior of PA(PTA,PEG, gel
ﬁEl/ v C, PALPTA,PEG, gel % 1
KICIREBEL TS E5ZET
ﬁ‘ﬁ’ﬁ {bZ&fesd Li=(Figure 5), 77
ST B CRER TR HIEE K& e, <ol v Heat, ‘
L, AR 452%E72 o7,

RERICFRLNI AR T LD
:Ij(%‘a:ﬁﬂ f‘%‘: I\ \ZoUWNT H:ﬁﬁbf\_ Figure 6. Shape memory properties of PAGPTA,PEG; gel
(Figure 6), 7" /L% 60°CIZANEAL |
ERSHT A% B CTRREZBEE OB 587 /WL T O TRRZ[EIE L |
PAPTA,PEG, 7V ISR FLIB R FF D ZEDVRENT,

4. HERR

AR TIE, BLO R R ENTEENDHKIKT = /) — VEHHE TH D Arb &R LI- TR
BT VORTE BELT, Arb ZBERICIEW R L Bl 2k Arb 2L EA T
ZETHE ALK PArbs-co-PTArby 25 i, ZAUZK L TREMIZIEV V& L 7= PEG-diamine %
BT RIGSELZETT UALZITO, B IRGELRE AR LV Th D PAPTAPEG, gel &
BRFE LT=, 2% /L% DSC, POM, WAXD HI7EIZLY PEG HSROFE S b3 Bl s iz, &
e b IX 62.8~77.5%& 7272, PEG ERIBRICERGRZBIIL . ZOERENIINBIC LA fRL
WHITHEF OB T HIENTET, 2, 7 /VIE PEG ERARICHANL B RO e —2
DS PEG DB —7 5000 7 LT 272 HS ThD PArb DL =T i
RS NP A TWNDZENRIBI LT, TV EKITIRIET HEMAML . ZORAMERIX
) 452% 70T, ZmOKE G FIGHETHZEN TEHENT AR IV THDHIEN RS
Nz, BRI, TV EINEN, BRISE % RIECIRIREEE ., HFOINET 587 midoeo
KA EIEL, IR Z FF D Z RS,

5. ZEXHR
(1) M. Hashimoto, S. Iwabuchi, Y. Oishi, Y. Shibasaki, Europ. Poly. J., 81 (2016), pp. 152-160





