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Studies on the Synthesis, Micellization and Gelation of Novel Temperature—
and pH-Sensitive ABA Triblock Copolymers

Han, Yanan Liu, Shouxin* Mao, Hongguang Tian, Lei Ning, Wenyan

(Key Laboratory of Applied Surface and Colloid Chemistry, Ministry of Education, School of Chemistry and
Chemical Engineering, Shaanxi Normal University, Xi'an 710062, China)

Abstract Novel ABA triblock copolymers P(DEAEMA-co-MEO,MA-co-HMAM)-b-PEG-b-P(DEAEMA-co-MEO,MA-
co-HMAM) with different polymerization degrees which were more hydrophilic were synthesized by ATRP (atom transfer
radical polymerization). The composition and structure of the copolymer were characterized by 'H NMR, FT-IR, and gel
permeation chromatograph (GPC). The temperature- and pH-sensitivity and micellization of the ABA triblock copolymer
have been studied using transmittance, surface tension, fluorescence spectra, dynamic light scattering (DLS) and transmission
electron microscopy (TEM) measurements. The effects of temperature and pH on the gelation of the copolymer were studied
through the gel state and the process of sol-gel transitions of copolymer induced by temperature at different pHs. The drug
release of a drug-loaded gel which informed by the copolymer was tested respectively at different temperatures and pHs in
buffer solutions. It was found that the copolymer had a good temperature- and pH-sensitivity, and the copolymer chains can
form stable core-shell structure micelles through temperature and pH inducing. The different strength of gel can be induced
by pH. In addition, the drug release of the drug-loaded gel was increased with the decrease of temperature and pH values.

Keywords temperature- and pH-sensitivity; micellization; gelation; drug release
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Table 1 Characterization of copolymers

ABA triblock Polymerization M,

i dh composition degree (Br-PEG-Br) M{(ABA)  PDI
PHI  AjBAig 100 8359 44653 1.18
PH2  Ais50BAiso 150 8359 62680 1.11
PH3 Ay 0BAxy 200 8359 80593 1.01
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Figure 2 Transmittance curves of PH1, PH2 and PH3 aqueous solutions
versus temperature (w=0.5%)
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Figure 3 Transmittance curves of PH1, PH2 and PH3 aqueous solutions

versus pH (w=0.5%)
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Figure 4 The surface tension of the PH1, PH2 and PH3 aqueous solu-
tions versus temperature (w=1.5%)
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ous solution as a function of temperature (w=20.5%)

Kl 6 NILEEY) PHI, PH2 Al PH3 [ Zeta HLA7BE pH
ARk, ik, ERRPEFREH T, DEAEMA 85 B BUR
B PR . 52 MR, TR R A
T, BRI 0 T R LT A
BEE R A T8 N, DEAEMA (R RE 2 80, Bl
Zeta HAOZBEIETR pH AR TN R, X A0 i
BT LRI pH BB 3 .

40

2 A, —=—PH1

241

16

8t

0+

Zeta potential/mV

8l

16 -

‘24 C 1 1 1 1 1 1 1 1 1
00 15 30 45 60 75 90 105 120 135
pH

B 6 PHI1, PH2 fl PH3 /K¥ I Zeta HALBE pH ZAE K (w=2%)
Figure 6 The Zeta potential of PH1, PH2 and PH3 aqueous solution as
a function of pH (w=2%)

2.3 HEYIEFRRKE(CMC)HINE

LRIV W I AL — ) FH DA EE(Py) AR ET 1)
RHHARBATIE. FKMXFITERA Py 9565k I
S = R BTG (L at 384 nm) 54— RS, at 373
nm) (K58 U L/ KA. I/1, WA £ BEERET IR B I 1 1)
BRI . a7 Fros, 183 BRI B LUK,
K 7 (B PR R B Ascaze, i DA SR At v 1 i /K 3 4]
Z AR AEFK AR A MR RBEAR N, RIS T

Acta Chim. Sinica 2016, 74, 744—751

© 2016 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

ahfy, T IR E KA R S T8 AR > & 1 5K i
X. Bk Py (1 I/1 AE D, T B8RSR B AR A0 AR
/0N, UL B A T AR BRI R . H AW
WREER B —Re e RIS, I/L A SR BT, Ui BH st
TSR SRR ME 0], L SR REAE /K I a2
BIEBIRH, KEMBKUXZH IR, Py TG R R VE
BN BRI X OERS, CH L SR B I S ok
FE(CMC). HHEW A, RE RN PHL KIEHE CMC
49 0.16 mgemL ', TR A BERCKH) PH2 Al PH3 KA
[ CMC 43514 0.14 mgemL ™" A1 0.09 mgemL ', X2 [X
A FERCR ISR i & i K B K, BURIKREE R
A4S TS UBCR, BT AE CMC EEUD.

081 = PH3
078 —° PH2 o
’ —4— PH1 ’/.,f s aAA
0.75 [ f‘
072 1 s/
| B

~ 0.69 |
o

0.66 |- iy

0.63 | [& 4

B Ga— 0.09 mg.mL
0.60 |- er/44——/ 0.14 mg.mL"
057 s aart =016 mgmL"
1 1 1 1 1 1 1 1 1

1 1
2.0 -1.6 -12 -0.8 -04 0.0 04 08 12 1.6 20
loge

B 7 Py ¥ I/ {8KE PHI, PH2 I PH3 /KRR EE AR AL,
Figure 7 Curves of the [3/]; ratio of Py for various concentrations (loga-
rithmic scale) of PH1, PH2 and PH3 aqueous solution

2.4 HEYIFTRH TEM NZE

K 8 (a), (b), (c)7 BB T HEY PHI, PH2, PH3
TE 40 °C R 7KV R A ) e o 1 328 S e . iR B
B W B K T L P(DEAEMA-co-MEO,MA-co-
HMAM)# BCA%, PEG NFeiizsctae iRa. F¢H AT
PLIE 28 105 235 Y PHI, PH2, PH3 IR A HIRLAE 2 WA
100 nm, 150 nm, 200 nm. £ N P(DEAEMA-co-
MEO,MA-co-HMAM) % K B & 5 & B 1 38 iy 38 <
SEUR AR KA TR A I oK. seah, 7EKE
T R TR 2 LU RS TR I RS U2 K, i LA DLS
TSR R HEARRLAE KT TEM BT 45 51
2.5 HEBYIRERLIAR
2.5.1 pH *i8E -3 69 8B IR AE K 69 7

FFHCRS R 0 s AR [F]) pH R R 55 (VR e — gt
IS, W 9 Biw, MIEFEN 25 CHY, f£ pH
N5, 7,9 FALRPIE AR AT L E R s, ST
EE 34 °C, BEMEE(H 9) N RIFL YA BT I K
SRR, RATPEINEE T 55 Y s, S 37 C
i, JEREAEIRIE IR B (pH 9) F .48 LARE B (IR
BAAE, R EARE(pH 7) F B ORI AL, (HIER
MIRES(pH 5) 4R 2 H M sl Wk, iR FE FA

http://sioc-journal.cn 747



B8 PHI (a), PH2 (b)f1 PH3 (c)f£ 40 'C F MK % () TEM (1 mgemL™")

Figure 8 TEM images of micelles of PH1 (a), PH2 (b) and PH3 (c) at 40 “C (1 mgemL )
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g =
§ 30 + //// p y
o 20F f
10} //’
0 / 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100 110

Time/min
B 14 AS[F pH NEZGHEERTE 37 CI ST BSA (¥ 2 BUREJBCE B s [) (1)
Ak
Figure 14 The BSA cumulative release curves of the drug-loaded mi-
cellar gel versus time at different pH at 37 C

3 g

KR TR 3 H 3RS (ATRP) EOAR, &R K
FPETEUT ) PEG FEIR B /pH XU AU ABA B = ik Bt
HEY) P(DEAEMA-co-MEO,MA-co-HMAM)-b-PEG-b-
P(DEAEMA-co-MEO,MA-co-HMAM), #|f] FT-IR. 'H
NMR FI GPC X FL T (1 4 AN 45 bk A7 3R AE, JB i
e, RIMTK 7. RARF Zeta FLAL A ERFFT T LR
T . 1 IL R BRI B A BRI pH U
I U, JL LCST KZ1°h 36.8 °C, A4S pH
218 7.4, &ML RS BRI A, I
PWNCIRE B ARMAG IR PH2 7K TR AR e R B
(CMC)A 0.14 mgemL ™", HILEMVER CMC {HBE 3
RWEA FE I AN/, 3% 5 F B MR B L R R
A% 7o R R RTRLAR B 3 SR B 6 FE (R B n g 36 . 356
VDAL R IR FE A pH 7] LAy A5 5 S R T i
Jle B AR AR, VAR pH XHIR R 5 T 1V Tl -t e i
I R ORI Bk 2 I R 4 e 37 C
pH7.4 NX BSA A R I HIZRAEH.
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4.1 RFI51¢E8 (W supporting information)
4.2 Br-PEG-Br FL B4 B
421  X4T 31 & Br-PEG-Br #4944

KEZ B 7EJy 8000 M5 4 1 (1.063
mmol, 8.504 g)VAMETE (300 mL)H, FFH 70w M
J&, MA=2ZH9.2 mmol, 1.3 mL), =T, BARS,
FFHERE 30 min 7, BN o-IRACT T HEIR(18.3 mmol,
2.3 mL), %40 min Wi 5E. R RNAKRTEZERT, H
RAMRY I EBEE 12 b KB R)E, R &40,
PRV I e A8 R B 2 K E ORI S, H CREUTTE,
DA S BN, SRR RUTTE R, AR =R, &
S — URUTVE BT B P= D AR e — oK, =& e
W=k, AN TG KRBREE TSR, &5, ik
PR 2 Bm R e, NEVRE I R A RIS, F CBEDTTE,
DU T, 193] A B AR E R Br-PEG-Br, &
J ik 78 L K1
422 %4 P(DEAEMA-co-MEO,MA-co-HMAM)-b-
PEG-b-P(DEAEMA-co-MEO,MA-co-HMAM) #4445,

¥ PEG K435 K5 Br-PEG-Br (0.43 g, 0.0538
mmol) & 5 mL HEE#FIMA Schlenk (7 3K5E)IRMN,
HA G Ak &2 NN DEAEMA (652 uL, 3.29
mmol), MEO,MA (1.28 mL, 6.78 mmol), HMAM (0.076
mL, 0.75 mmol) (npeapma:Meo2MA - Pamam = 30:63:7),
B RAH GRS CEEMRRE ZIREEANES, R
EHUE R TR SRR SY, TIAELLF] CuCl (0.0054
g, 0.0538 mmol) FIfC & 2,2-¢ —HLIE bpy (0.017 g,
0.1076 mmol). 7£75 C F XM 12 h ik RE F =<
i S M4 Ik, B R INON G R R AR R S R L B
FENTEEE T & 8000~ 10000) kAT 3%E M4l fk.,
IR — e B 4K, FEHT— ), PR A,
HAT AR TR K 2, 193] A R B 4k, & o f2
W 1L ST 3 MOREIRE B MILERY, KR

H/% O\AEOH

@ 9
PEG B )J\K

r
@)

(i) TEA, toluene

-b-PEG-b-

X1 ABA =ZikBILEMNE K
Scheme 1 Synthesis of the ABA triblock copolymer
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it A PHI, PH2 Ml PH3 (R & FEH/NEIR, W& D).
4.3 HBYIRIRIE

HiE FEUSEILRYIA KBr 1A S A I
AS LT AN A s FL 2T AN P DLSTAR &4 AT 71,
{# H Bruker Avance 300 MHz #8-5:{# B M- Z b AZ R 3
PRIEACI E LT "H NMR 3%, DL 245 bRkt
(M, 6480, 9890, 13900, 18200, 44200, 120000, 205000
gemol ), DLPUSE BRI BCNTREIA, WA 1 mLe
min~', SLRVIIEBIKEE N 1.5 mgemL ™. i#id GPC IE
AN SR B B L SR 431 B R B
4.4 HBEYKRRIMYERERREHT
441 RRHRERGHIT

(1) FERYERCE R E: e B IR
N w=0.5%KI LR FE, W 2 A e 2 2 iR
FE KA 600 nm N8 UV-1901 2448 4h—7] I 7366 B
THIN S R (0325 D' 2564y Sl B L P R0 pHL A8 A 155 0.

(2) HRWERRTK I e BB R ik
FERNw=1.5%3L R, 18H DCAT 21 F 17k 14X
e A FIRE R Hoa i R 7k 71481k,

(3) IR ERRLAE I E : Fe 57 T IR
N w=0.5%1 R, W A R R 2 R
FIF] DLS 95 75 7 Hh 3 R 0 SR S AR A% o UL P 1 AR A

(4) Y Zeta BALIIIMIE: FLE R HSIREAN
w=2%I1 IR PK I, 3 BRI Zeta HLAL SN 52
H Zeta HAZBET TR pH 221,

442 ERMEIERAA

JiE AR AR A 5 1 S P AR B (CMIC) T 5 2 K 20 mig
EPYET 10 mL FEIEH, MALBMEZEL, 155
107* molL ' {J Py {1 BRI, ARG REEL | mL ¥V E
F 10 mL HEMP, IMANZBEZIEL, 55 107°
molsL ' [¥] Py ) ZBAH, CAULRHE, a3 2IREA
107> moleL ' ] Py f Z B, ARG A HUL 100 uL f
107> moleL ' Py fJ ZBFAR % 10 mL A&, ST,

(0]
Br. (0] (i) DEAEMA, MEO,MA, HMAM
Lo =X, :
O

(i) CuCl, bpy, methanol

Br-PEG-Br
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B RAE OB SR, B RN AR IR
FRFI I SE R IETR, H VoK EZIEL, 55—
REVAF & IR E LR, 2 FEIRY 20
min, FEEEHE BT Hrh, BIX S A R E 24 h & ).
PFEIETE I e 2% A MR N 25 °C, Wk K 340
nm, B FR S BRAE D /3 )08 10 nm, 2.5 nm, FETEE
360~460 nm. MOEiE FiRE L A 1 (Z3: 383 nm; I;: 372
nm)[I1E, LA L/ AE R FE 5T 5 (log o) 1 BPO
443 RAHMIKKL TEM M2

FC B N 1 mgemL ™ B A A FREERILERED
PH1, PH2 fl PH3 FI/K¥ETR, 1E 40 C FHFIR. it
B Y3 N R VAR, AR Y R KERR, FEAE
40 C KM, WINREN w=1%MBEEER(H 1)
BTG, SEA TS PR JEM-2100 3% 5 H 880
ALY R AT S,
45 HEVIRERRE
451 pHATRE 0 EI-BIRAE R %R

FCE pH N S, 7, 9 MIKEA 20 mgemL ™' FIFLERY
PH2 KV, 20 BIEL2 mL B T/ IEFRIC. i e
B KT, 1625 C R 15 min f5, FFURIZH
FHif, B 10 min FHR— R, FHEEEREE R 1 C/HxR.
], WEEHFHERDI Aidst 3 HU/NE N IR -4k
Ji2 B RR A AR S R 3 PR P Bt 7 19 o e /N A A 5
IR, AMEBIE S, BRI IR S e LT
ARSI, E BT AG T K, M f I B (5 S AR A% AR
TRPE, AR R I Hh i A,
452 pH HF 098 IRMAT A

B & — R FKRE N 10, 12.5, 15, 17.5, 20, 22.5, 25 Fil
27.5 mgemL ™' (LY PH2 KVEW, 70 BB EATE T/
g, TN VAR pH, {E VAR TE )
B FE, AR R, MBI SR FR FE LR )
TIRE G ) pH . IR B RALAT il Ml
B SRIGAE, /NIEIE S5, B AR S FUER R 2 B L
SPANGRBNI, UE BT A6 T . WA, A A LIS
SRR 20 mgemL ™ (3L IRY) PH2 7K I SRR B
46 HEVERRMAMNERIER

Pt TAE 2R 2R IS & A Ve VB 24
PIEAT R AN R SR 86, 70 AR IR KB IR 3 85 (B 100
remin” Y HEAT, HERAFREL 100 mg #9415 & F(BSA)
Z4RLT pH 7.4 RS2 T, A ZE 100 mL; 751
B2 0.1,0.5,1,2,5,7.5 F1 10 mL #Fe % 10 mL 48 41/w]
LAY FeHCEETHE 1=278 nm I 5E S ANETRIGROLEE, LA
BSA MR EEXTROE EEAEVE KBNS BSA (ks TAE TR,

YW AT N IISE: K 600 mg FEERMIA 10 mg
BSA ¥ T 2 mL —iRZ&ME/KH, 1837 C M ERE R EZ
B (1)100 mL pH 7.4 FIZE MV RAE AR T, #3
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BRI IAE 25, 37 A1 40 °C FIEIEAINEY, &K% 10 min
HURE 5 mL Wl E BSA 1 RARE SR, [RIIN£h 7848 [R] R
TR, (2)FRZ5Ee I AE 37 “C R E IR N, 100 mL ¥ pH 4
AR 15, 7.4 K1 7.6 WG IAE MR, RS 10
min JUFE 5 mL M2 BSA 1 RZAVRE R, [RI £k 7840 [F]
R R 32
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