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Nghién ctru diéu ché hydrogel nhay nhiét trén co s&
copolyme ghép chitosan-pluronic F127 dinh hwéng
trng dung trong chira lanh vet thwong
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Abstract

In recent years, injectable chitosan-based hydrogels have been widely studied towards biomedical applications
because of their potential performance in drug/cell delivery and tissue regeneration. In this study, a temperature-
sensitive bio-hydrogel based on chitosan and pluronic was synthesized. The structure of copolymer was characterized
by IR and "H-NMR spectroscopy. The sol-gel phase transition behavior of hydrogel was rheology method. The in vitro
experiments showed that, the solutions of chitosan-pluronic F127 were changed to gel stage to gel stage when the
temperature increased from 25 °C to 40 °C. The result is a prerequisite for the interesting studies of this complex

hydrogel.
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1. MO PAU

Thuat ngir hydrogel da dwoc biét dén cach day
hon 100 nam. Tuy nhién, nghién ctu Gng dung
hydrogel trong linh vyc sinh hoc thi chi méi dugc
bat dau tir nam 1960 va ké tir d6 dén nay rat nhiéu
céc bai béo khoa hoc da dugc cong bd trén cac tap
chi khoa hoc [1]. Trong nhimng nim dau thé ky XXI,
cac nha khoa hoc tao ra cac loai “hydrogel thong
minh” nhu 1a cong cu cho sy tién bo trong nganh
khoa hoc va dac biét la m& ra con duong méi cho
viéc nghién ciru “ hé dan thudc”. Hydrogel trén co
so cdc vat liéu thién nhién ngay cang nhan dugc sy
guan tdm va c6 tiém ning trong viéc kiém soat su
phan phéi cac hoat chat mang tinh sinh hoc trong
linh vuec tai tao mé, da hoic xwong, ... [2]. M6t loat
cac nghién ctu vé hydrogel trén co so chitosan cho
nhiéu trién vong khong chi tng dung mang hydrogel
tri bong, nhiéu nghién ctu gan day cho thay hiéu
qua vuot troi cia chung khi tng dung trong chira
lanh vét thwong, tai tao sun, than nhan tao, mang
thudc, ... [3-7]. Pac biét, trong cau tric hod hoc,
chitosan c6 cac nhom amin tich dién duong nén co
thé tuong tac voi cac nhom tich dién am, chinh diéu
nay hinh thanh dic tinh két dinh caa né [8, 9].

Pluronic 1& mot copolyme khong doc hai wa

nude, duoc sir dung rong rii nhu mot ta duge dé 1am
tang tinh 6n dinh va d¢ hoa tan cua thudc (duoc FDA
cdng nhan). Do pluronic ¢6 céu tric PEO-PPO-PEO,
trong d6 PEO 1a phan wa nuéc, PPO 1a phan ky nudc
nén khi gia tang nhiét 40 PEO c6 xu huong ngam
nudéc tao thanh mot 16p vo boc cho thanh PPO bj mat
nudc dan dén sy hinh thanh hinh cau micelle [10].
Diéu nay giai thich cho kha ning hoat dong bé mat
caa pluronic. Tuy nhién, viéc stir dung pluronic mang
thudc duong nhu khong duge kha thi vi tinh khdng 6n
dinh cua cac micelle khi ¢ su thay dbi cua nong do
va nhiét do moi truong. Do do, viéc két hop chitosan
va pluronic c6 thé s& giai quyét vin d& han ché khi sir
dung pluronic riéng 1é va khéng ché qua trinh nha
cham cua céc hoat chét c6 tac dung chira bénh tir cac
hé hydrogel nhay nhiét [11].

Trong pham vi nghién ctu nay, ching t6i tién
hanh tong hop hé hydrogel nhay nhiét trén co s&
chitosan va pluronic F127 théng qua lién két héa hoc
ctia nhdm amine trén chitosan va nhém cacbonat ctua
Pluronic-p-nitrophenyl cacbonat (san pham hoat héa
cua Pluronic véi p-nitrophenyl cloroformat (NPC)).
Hé pluronic-chitosan tao thanh dugc xac dinh théng
gua phé IR, NMR. Tinh chit nhay nhiét caa hé duoc
xac dinh dua vao nhiét d6 khi tao gel va nhiét d6 khi
& dang dung dich bang
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phuong phép do luu bién hoc.
2. THUC NGHIEM
2.1. Nguyén liéu

Chitosan (MW~300,000 g/mol, 95 % axetyl
hod), Pluronic (F127), (Mw: 12.500 g/mol, Acros
Organics), p-nitrophenyl cloroformat (NPC) (Mw:
201,56 g/mol, BASF Corp), THF
(Tetrahydrofuran), dimetylformamid (DMF), 3-
Amino-1-propanol (99 %) (Acros Organic), dietyl
ete (Acros Organic), HCI 0,1 %.

2.2. Quy trinh téng hep
2.2.1. Téng hop NPC-F127-NPC

15 gam pluronic F127 duogc lam khan va tan
chay & nhiét do 80 °C. Sau do6 0,5 gam NPC (2,4
mmol) dugc thém vao va khudy lién tuc 5 gio trong
moi truong khi N, & nhiét do 80°C. Ha nhiét d6 phan
tng, tiép tuc thém 40 ml THF vao va khudy & nhiét
d6 phong. Dung dich phan tng duoc taa 2 1an véi
diethyl ether lanh. Loc ria két taa, loai bo dung moi
thu duoc san pham pluronic F127 hoat ha NPC ¢
dang bot mau tring min (hinh 1). C4u tric NPC-
F127-NPC sau hoat hoa duoc xac dinh bang phd IR
va 'H-NMR (NMR, Bruker AC 500 MHz
spectrometer).

2.2.2. Téng hop NPC-F127-OH

92 pl 3-amino-1-propanol (1,2 mmol) hoa tan
trong 50 ml THF duogc cho tir tir vao dung dich cia
15 gam NPC-F127-NPC hoa tan trong 50 ml THF va
khuay déu trong 12 gior & nhiét 6 phong. Dung dich
sau phan tng dugc két taa trong dietyl ete. Loc rira
két tia, loai bé dung méi thu dugc san pham cé dang
bot mau tring min. Cau tric NPC-F127-OH sau khi
gan voi 3-amino-1-propanol dugc xac dinh bang phd
'H-NMR.

2.2.3. Téng hop copolymer ghép Chitosan- Pluronic
F127

0,25 gam chitosan hoa tan trong moi truong
dung dich pH ~ 3, khudy déu trong 24 gio, sau do6
diéu chinh pH vé 5,0. NPC-F127-OH (0,25, 0,5,
0,75, 1, 1,25, 2,5, 3,75 va 5 gam) hoa tan trong nudc
cit & nhiét do 4 °C. Dung dich NPC- F127- OH duoc
cho vao dung dich chitosan lanh va khudy trong 24
gio ¢ nhiét do phong sau d6 dugc tham tach 1 tuan
véi mang cellulose (14000 Mw cut-off) trong moi
trudmg nudc cét lanh trude khi déng khoé mau. San

Tran Ngoc Quyén va cong su

pham chitosan-pluronic F127 thu dwgc dem do phd
'H-NMR dé xac dinh cdu tric, xac dinh phan tram
copolymer ghép.
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Hinh 1: Quy trinh tong hgp chitosan — pluronic F127
copolyme

2.2.4. Danh gia dac tinh nhay nhiét cia copolyme

Copolyme ghép dugc hoa tan hoan toan trong
nuéce cat (5, 8, 10, 12, 15 va 20 %w/v) dé khao sat
dac tinh nhay nhiét. Banh gia kha nang nhay nhiét
cuia copolyme ghép bing phuong phap khao sat su
chay cua chitosan-pluronic F127 hydrogel & céac
nhiét do: 4, 25, 30, 37 va 40 °C. Kha niang nhay
nhiét cua chitosan-pluronic F127 hydrogel khi c6 su
thay doi ciia nhiét do duoc xac dinh théng qua phép
do luu bién (HAAKE RheoStress 6000). Phuong
phap do bién dang dao dong theo nhiét do nay duoc
st dung c6 thé cho biét chinh xé&c nhiét d6 chuyén
pha cta hydrogel.

3. KET QUA VA THAO LUAN
3.1. Téng hop NPC-F127-NPC

Phd 'H NMR (hinh 2) cho sy hinh thanh NPC-
F127-NPC théng qua cac pic cong hudng tir tai 1,08
ppm (-CHs, pic a), 3,62 ppm (-CH,-CH,-, thuéc
chudi PPO), dic biét la tin hiéu tai 4,42 ppm (-CH,-
O-NPC thugc chudi PEO), tin hiéu nay chi xuat hién
khi Pluronic dugc hoat hod. Ngoai ra cac tin hiéu pic
tai 7,38 ppm (-CH-, pic d) va 8,22 ppm (-CH-, pic c)
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chirng to sy ¢6 mat cua proton ¢ vi tri ¢, d trén vong
benzen cua NPC. Két qua tinh d6 hoat héa bang pho
'H-NMR cho thiy pluronic duoc hoat hoa thanh
cong & hai dau hydroxyl bang NPC véi hiéu suat la
97 % [12, 13].
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Hinh 2: Phé *H NMR cua pluronic-NPC

3.2. Téng hgp NPC-F127-OH

Pé ngan sy hinh thanh F127-dime do nhém
NPC rat d& dang bi thay thé, 1 luong thich hop 3-
amino-1-propanol duoc sir dung dé thé mot dau
NPC trén mach cta Pluronic da dugc hoat hoa. Phd
'H NMR (hinh 3) cho thay san pham thé mot phan
NPC cua pluronic hoat hda. Ngoai nhiing pic cong
hudéng dac trung cho cac proton trén NPC-F127-
NPC thi ta con thay c6 tin hiéu pic cong huong & vi
tri 4.42 ppm thé hién proton H (pic d) trén day PEO
& vi tri lién két voi nhém (—CH,-O-NPC) chuyén
mot phan dang ké vé 4.2 ppm (pic e).

Attt L O

c d b e L
1 | L_x

T T T T T T T T
8 7 6 5 4 3 2 PPm 4

Hinh 3: Phd *H NMR cua NPC-F127-OH

3.3. Két qua phan wng téng hop chitosan-
pluronic F127

Phuong phéap tong hop pluronic-chitosan dya
trén phan ung tao lién két uretan gitra nhom -NH, &
chitosan va cachonat cua pluronic-NPC. Phé FTIR
cta chitosan xuat hién 2 pic thé hién dao dong ndi &
s6 s6ng 1642 va 1664 cm™ thé hién cho nhém amine
va amide (hinh 3). C4c pic tai 2884 cm™, va 1112
cm™ lan luot thé tin hiéu cac nhém CH,, va  C-O,

Nghién cizu diéu ché hydrogel nhay nhiét...

diéu nay ching to su hién dién cua pluronic c6 trong
maul.
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Hinh 3: Phd FTIR cua chitosan (CS) va
chitosan-pluronic F127

Céu tric caa copolyme ghép chitosan-pluronic
F127 duoc cling dugc X&c nhan qua pic cua pluronic
tai 1,0 va 3,4-3,7 ppm. Bén canh d6 cic methylene
cudi mach cua pluronic ciing xuét hién 2 pic ¢ 4,2-
4,3 ppm thé hién 2 nhém thé khéac nhau (trong d6 c6
nhoém amine cua chitosan) gan vao pluronic. Nhém
axetyl cia chitosan ciing thé hién do dich chuyén
hoéa hoc & 2 ppm (hinh 4).
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Hinh 4: Ph6 1H-NMR cuia copolyme ghép
chitosan-pluronic F127

3.4. Khao sat dac tinh nhay nhiét cia copolyme
ghép chitosan-pluronic F127

Nhu két qua (bang 1), mau F1 véi ty 18 chitosan/
pluronic F127 ¢ 1:1 khong thé tao gel. Khi tang ty I¢
pluronic F127 trong hé copolyme Ién, kha nang tao
gel dugc hinh thanh (hinh 5).

Mau F7 va F8 c6 gel hinh thanh tét ¢ nhiét do
ctia co thé con ngudi (37 °C), tuy nhién mau F8 voi
ty 1& chitosan/ pluronic 1a 1:20 cho thiy gel cé thé
hinh thanh & nhiét do 25 °C. Nhu vay, nhiét do tao
gel cang thap khi tang ham lugng pluronic F127.
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Bén canh d¢, khi giam nhiét do, mau gel nay cho
thiy sy thoai bién bai nhiét. Pic tinh dao nguoc
trang thai sol-gel theo nhiét d6 méi truong ciaa gel
nay cho thay tiém ning trong dinh hudng trong viéc
nghién ctu I6p mang polyme sinh hoc. Két qua khao
sat chuyén trang thai sol-gel theo nong do va nhiét
d6 (hinh 6) cho thay mau F7 c6 thé tao gel & nong
d6 copolyme kha thap (trén 10 %wt/v) tai khoang
nhiét do 32-37 °C.

Hinh 5: chuyén héa sol-gel caa dung dich
chitosan-pluronic ¢ 10 °C va 37 °C

Bdng 1: Khao sat nhiét d¢ tao gel cua copolyme
ghép va kha nang chuyén doi tur gel sang dung dich
va nguoc lai

Mau [Chit.(g) |Plu.(g) |4 °C|25°C|33°C|37°C|40°C
F1 [ 025 025 |- | - |- |- |-
F2 025 |05 |- [~ [~ [ - [+
F3 | 0,25 075 |- | -- -- + +
F4 | 0,25 1 - | - - + +
F5 | 025 | 125 |- | — [+ [++ |+
F6 | 0,25 25 |- | - |++ | ++ | ++
F7 | 0,25 375 | - | -- |+++ [+t |+t
F8 | 0,25 5 e e

--- KhONg 0O KNa nang tao gel; +: tao gel yeu; ++: tao gel Kha tuy nhién

gel chua dic lai hoan toan; +++: tao gel tét, gel dong dic khéng chay khi
dat nghiéng).
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Hinh 6: D6 thi thé hién sy twong quan cua nong do
copolyme (%wt/v) va nhiét o

Dé c6 két luan chinh xac vé qua trinh chuyén

Tran Ngoc Quyén va cong su

pha caa chitosan-pluronic F127 hydrogel, phuong
phap do luu bién hoc bang cach do sy thay doi cua
modul tich G’ va modul thoat G”’ theo nhiét d6 dao
dong tir 4 °C dén 45 °C voi tan sb va bién do cb
dinh. Nhu s6 liéu thé hién ¢ hinh 7, & tan sé khong
doi 1a 1Hz, gia tri G* ting déan, diéu nay co nghia la
khi nhiét do tang 1én, cac lién két hydro trong mach
chitosan-pluronic F127 bi pha v& va hé bi hon loan
cau tric mach ngang hé qua la gia tri G* tang dan.
Mt khac gia tri G* tang dan con cho thiy do cing
cia vat lidu ciing ting dan hay c6 thé noi hé
chitosan-pluronic F127 cho phép truyén tng xuat
hiéu qua trong trang thai nghi. Mat khac gia tri G’
trong khoang nhiét do tir 4 °C dén dudi 30 °C ¢6 xu
huéng giam dan biéu thi cho sy chay nhét va d6 linh
dong cua phan tir giam dan. Nguyén nhan cé thé do
mach suon chitosan lam giam l6p hydrat héa bao
quanh cac phan ta pluronic trong dung dich nudc,
lam phan tan ching va két qua 1a do tan cua
copolymer giam dan [14]. Thém vao do6, & gan nhiét
do tao gel, gia tri G*’ tang 1én nhanh chong, nang
lwong cua hé thoét ra cang nhiéu, sy chay nhét va do
linh dong cang ting nén cac chudi ky nudc trén
pluronic F127 c6 xu hudng quy tu lai tao thanh céac
mét xich trong mang luéi lién két, tao thanh hé hdn
loan. Tai nhiét do gel dugc hinh thanh, nang lugng
ciia hé mit di cao nhit tc 14 gid tri G* da cham
ngudng toi da. O nhiét do thap gia tri G* >> G dan
dén goc 45° < § < 90° hay gia trj tan & >> 1, diéu nay
6 nghia vat liéu dang ¢ trang thai dung dich dan hdi
nhét hay & trang thai long. Bat dau tir 30 °C, ca hai
gia tri ciing dong thoi tang va tai diém 35 °C hai gia
tri ndy gan nhu bang nhau (G’= 501.992 Pa va G”’=
502.125). Nhu vay, diém gel cua chitosan-pluronic
F127 (ndng do 15 %) duogc ghép ¢ ty I 1:15 duoc
xac dinh tai 35 °C, diém nay rat thich hop cho cac
ng dung y sinh sau nay vi nhiét o co thé con nguoi
binh thuong dao dong khoang 37 °C. Hé hydrogel
trén c6 thé phd hop cho viéc phat trién mot hé chat
mang thubc trong chira lanh vét thuong ngoai-noi
mo.
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Hinh 7: D4 thi biéu dién sy thay ddi cia G’ va G’
trong dao déng nhiét vai tan s6 va bién do khong doi
cua mau F7 nong d¢ 15 %wt/v
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4. KET LUAN

Copolyme chitosan-pluronic F127 nhay nhiét da 7.

duoc tong hop thanh cong trén co sd copolyme
pluronic nhay nhiét ghép vao chitosan va thong qua
chat hoat hoa NPC. Qua trinh khéao sat nhiét in vitro
cho thay hydrogel co thé chuyén tir trang thai sol

sang gel & khoang nhiét tir 25-40 °C, day la khoang

nhiét do 1i tuong cho cac thir nghiém dé tng dung
hydrogel trong linh vuc y sinh. Két qua thir nghiém
bude dau cho fghéy hydrogel nhay nhiét trén co s¢ 9
chitosan c6 thé ung dung trong xu ly vét thuong
bong.
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