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Exploring Study of Chitosan/Glycerophosphate Thermosensitive
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Abstract Variable-temperature NMR techniques were applied to monitor the gelation process of chito-
san/glycerophosphate (CS/GP) thermosensitive hydrogel system. The results showed that the chemical shifts
of protons in CS and phosphor in GP changed together while the temperature was increased. However, the
protons in CS shown in 'H NMR spectra moved to the high field, but the phosphor shown in p NMR
moved to the low field. In addition, the chemical shift of H-2(D) in CS showed a turning point around the
gelation temperature, indicating that the chemical environment of H-2(D) has been changed dramatically.
Moreover, the chemical shift of H-2(D) in CS moved to higher field and the CS/GP system showed the
lower gelation temperature with the increase of either GP content or pH value of the CS/GP mixture. There-
fore, the gelation mechanism of CS/GP thermosensitive hydrogel was deduced as follows: with the increase
of temperature, the electrostatic interaction between CS and GP is broken down, followed by the formation
of hydrogen bonds between CS macromolecular chains, which induce the gelation.

* E-mail: chenx@fudan.edu.cn, yuhongyang@fudan.edu.cn
Received January 24, 2007; revised March 26, 2007; accepted July 18, 2007.
P TR TS A HFTRI(No. NCET-06-0354), 155 AR B2 H4x(No. 20674011) U AT 2% 2 RGBT 1B i - RIFIRK B Asia-Link 20
H (ASI/B7-301/98/679-32) %t Bh i H .



2460

¢

Vol. 65,2007

Keywords smart hydrogel; chemical shift; 'H NMR; "*P NMR; hydrogen bonding; electrostatic interaction

U P BB AR oS A B A B 1A R B e fis 7 7
Wi 7 FRY B 58 A0 JR 7K M (R A8 E 7K Tt I XM 1) —

DA T PR BB 7K I 246 K 22 B O |H G 1 o) 6
ot & T B, B AR 2 e R ER AR 1 AL SR )
(PEO-PPO-PEO, Bl Pluronic)*, 2 N-7: P4 5 P4 475 ik i
(PNIPAM)P SIS iy 145 Jl i 207 PRl 2% 3t 17 7 AL A
BNEZE M LUAE A Ak o B A e il = 0 — o g
SR, DRI AR A B 2 AT ) I 52 SRR OK (1 B o
BARNATEARH E YA NELT . Rebs AW AR I R8R
o3, WFEERRE(CS) R A i 73 il B K B e AT
SE) R A AT BAR.

2000 4F Chenite 25 Il T AN ARER 4 7
Shy 3 TR ek BB K R 70 SR W /W T b R
(CS/GP) /K&, R A i BB K B I T A ) — > B K 3%
fil. ARPITEEN, CS J& e s AERR I 25 AT B S A E I
FE, FLAT R (R AR AR 2 P A A A B A 1, 9 AL
CS IKERAE L B 25 80 IR AE i e i A
JZ IR CS BUR— 5 TR 25 5 it fh 2 ey 1
ACWRTE KBRS, AR 55— J7 T e H) AN e AN EE O i
(K7 VR KBS, Chenite 251 ¥ CS AR H
BN ER(GPYR A G, TLIRA R A s,
MEE—E RN, CS/GP & Z& nT LLZE AR R 37
C I TE BOKBEIR, 1% i Re P DG S8 A 2 70 A s 24 Ak,
5 F 1 R e S K e AT SRR e R 4 2 7 1
FLATAE 2 (0 N FH AT 5

HH T CS/GP I BUK B AR R AT 5T 24k
AR TARE . TEEAE LS LA 2 R 1 1,
FH 25 5 T S T R WU (R R 5T LT B4 ME—
2 B SLBE R LR (¥t )7 HILAE Chenite 25T% HhaEE A
R E ARIE . AT K 0 CS/GP 74 5 Kk A Bl Ak,
AR R IR S 2 T, ARG (D) IAIRE 3L 5 e
a3 B T HE TR D7 (R ek 59 T 5 RS 1) 43 7 A 1) U BEAE
FI8E 0, (2) CS M1 GP 2 [a)Jd i S 55 1E & 1 A IRAR
LA rAH B4R (3) R T GP /K & Fl i ) CS
Z AN GE KA EAE T3, AbAT 1B 4 CS/GP 44 & 1)k
LR E eI 45 T i1 T GP IIAEAE, 38 T CS IISE/K
P, BRI CS 3y FHEAR I AEUT B GBI, 1RI W, X
I TRk, AR Y 1 S SR A, X AR ] RESE A
K I BA F AL R AR &1 43 TR B E A B IR A &
RIS IR Rt SR ATE 5 431 TRAH ELAE I A T
B, AR A LR M R B A A B AR

A AT L s A AR i o X Sy RE T BT A A 2 FR B 1)
AR SO AR IX — WF 5T 7 9 A A IR T B b
A I HLERAIF 9 . DR, AR 38 SO Bl o AR i
G IL YR RS A ST 57 CS/GP 1A R CS F1 GP LA
I 56 [ H 5 R DR A MRS R T IS A 2 A RS TR AR
1k, X CS/GP W B 7K B I Ak ZR IR e IR AT LB B A T4 20 (1)
Bt

1.1 BERRIRF
FoRME (R L WEE 91%, 4y F & 13000, HnEE K
Marinard Biotech Entrepot); # B2 H v — 47 &5 (98%,
Sigma); F/KGTARE 99.9%, Jb B iAERHA R TiT
AFD; TARERIROIUE A w=20%, AR 99.5%, b
HUB AR oA ). LB ORE A7 A8
IR 21— 0 i Al Ak A 7
1.2 FRERR. BERHMIRARMFRE/ R
IR & AR I K A% R

T B 1) CS W T U 7 3 w=2% )i AR R IR FE K
VAVRUIC B 1 TR 23 B w=2%I1) CS BLAKWW; — &=
GP ¥ 1 EK L O 73 3 w=56%I) GP /K I
1 mL w=2%[] CS F/KHHA 0.2~04 mL A%
w=56% GP HKERAL S PR A, ACHl— &
HIAFRIBCLE R CS/GP &L

ST AR IR AZ PR SEHGAE Avance DM X500 A% 1
JLPRAX G- Bruker A w)) FRET, SEH T4 Bk,
D,0 #ii¥7, K 5 mm QMP #3k, Bruker BVT3000 ! %
FIRPEL. "H NMR 5256 BL DSS (2,2- - F 5E-2-fek  Rbye-5-
IR A AR, SLPRAIER K 500.130 MHz, Bk ZEIR Ny
6's, REERECH 16 YK, 90° k58 5 12.7 ps. *'P NMR
S LA 85%11) HiPO, A Ahbr, HAlRAHy 202.456 MHz,
KHEIR A 5 s, SREFIRECH 1024 ¥k, 90°Hk 58 54 5
us.

2 FHR5HE

21 EBRBEARR. SBREAREARIEREEARER R
HIBEESARZELIREIE

CS, GP I CS/GP JRAHM "THMNR Kt 1
Ji7R. B CS [R5 745 BATTAT LA B AU o &2
(B 1a), S5 HEIE (1) S8 AR 4 SR 51 T3 1. T



No. 21 WAL

&

U A AR e SO /R H I BRI AR KR IR WD B 5 2461

5.5 50 45 40 35 3.0 25

ul

5.5 5.0 4.5 4.0 35 3.0 2.5
J
B 1 FeRBAM(a) IR H Il Sh VA (o) R 52 SR /IR T
IR A VEB(C)E 30 CI ¥ TH MNR i ]
Figure 1 'H NMR spectra of CS (a), GP (b) and CS/GP (c)
solutions at 30 “C
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Figure 2 '"H NMR spectra of CS/GP system at different tem-
peratures

CS: 1 mL, w=2%; GP: 0.4 mL, w=56%
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Figure 3 Influence of temperature on the changes of proton
chemical shifts in CS/GP system (a) and the detailed analysis of
H-2(D) in CS (b)

CS: I mL, w=2%; GP: 0.4 mL, w=56%
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Figure 4 The influence of temperature on the chemical shift of
H-2(D) in CS in different CS/GP systems

CS: 1 mL, w=2%; GP: a—0.2 mL; b—0.3 mL; c—0.4 mL, w=56%
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Figure 5 The influence of GP content on the chemical shift of
H-2(D) in CS at 26 C (a) and the gelation temperature (b) in
different CS/GP systems
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Figure 6 The influence of temperature on the chemical shift of
H-2(D) in CS in CS/GP systems with different pH value
a—pH=6.83; b—pH=6.95; c—pH=7.19. CS: 1 mL, w=2%; GP: 0.4 mL,
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Figure 7 The influence of pH value on the chemical shift of
H-2(D) in CS at 24 C (a) and the gelation temperature (b) in
CS/GP systems with same CS/GP ratio

CS: 1 mL, w=2%; GP: 0.4 mL, w=56%
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Figure 9 The scheme of the gelation process of CS/GP system
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