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Tém tat. Nanogel la mot trong hé dan truyén thudc hiéu qua dugc img dung rong rai trong linh vuc y sinh. Trong nghién
ctru nay da téng hgp hat nanogel nhay pH trén co s& chitosan—polyethylene glycol (PEG) cé kha nang mang thudc img
dung trong diéu tri ung thu. PEG & ti 1é khac nhau dugc gan trén chitosan sir dung p_nitrophenyl chloroformate (NPC) dé
hoat héa. Két qua do phé phé hong ngoai (FT-IR), phd cong huéng tir hat nhan ('"H-NMR) cho théy chitosan gin PEG da
tong hgp thanh céng. Hat nanogel c6 hinh cau véi kich thudc khoang 35 - 45 nm va hat phan bé tuong déi dong déu
dugc xac dinh bang anh kinh hién vi dién tir truyén qua (TEM). Két qua do sac ky léng hiéu nang cao (HPLC) dé xac dinh
néng d6 thubc cho théy rf“ing kha nang mang thubc paclitaxel (PTX) ctia hé Chitosan — PEG tir 1,18% lén téi 72,74% va
kha nang nha thudc sau 96 gid tai pH 5,0 (26,9%) thudc nha nhiéu hon so véi pH 7,4 (14,9%). Tir cac két qua thu dugc
hat nanogels nhay pH trén co s& Chitosan-PEG da tong hgp thanh céng va hita hen tré thanh hé mang thubc c6 gia tri
thuc tién cao img dung kiém soat mang va nha thuéc diéu tri ung thu.

Tir khéa: Nanogels; Chitosan; Polyethylene glycol; Paclitaxel; Nhay pH; Héa tri

Abstract. Nanogel is extensively adopted in biomedical applications. The aim of this study is to develop a polymeric
nanogel having pH responsiveness and to investigate its efficacy for drug delivery. Chitosan grafted polyethylene glycol
(PEG) at different concentrations using P_nitrophenyl chloroformate (NPC) as an activated agent is prepared. Fourier
Transform Infrared (FT-IR) and Nuclear Magnetic Resonance ('"H-NMR) results demonstrate the successful synthesis of
the pH-sensitive nanogels based on Chitosan-PEG. According to transmission electron microscopy (TEM) results, the
paclitaxel (PTX) loaded Chitosan-PEG has a spherical shape in the range of 35 to 45 nm. The loading efficiency of the
nanogels was over 70%. Moreover, the PTX-releasing efficiency after 96 hr at pH 5.0 (26.9%) is higher than that at pH 7.4
(14.9%) by high-performance liquid chromatography (HPCL). From our results, pH-sensitive nanogels based on Chitosan-
PEG is highly promising for use as a PTX delivery system for cancer therapy.
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hinh d6, vé6i su phat trién cua khoa hoc ky thuat con
ngudi da khong ngimg nghién ciru va cai bién dé chira tri
can bénh ung thu hiéu qua hon trong do co6 cong nghé
nano. Pay la nhitng vat liéu méi cod kich thudc tir vai
nanometer téi vai trim nanometer c6 thé dwoc s dung
nhu chat mang dé van chuyén duoc chét cho viée diéu tri
bénh ung thu rat hi¢u qua. Cac chat mang thudc & kich
thuéc nano nhu dendrimer, lyposome, mixen polymer...
khi di vao trong co thé ching c6 kha ning lam giam sy

1. GIOI THIEU

Ung thu 14 can bénh nan y vo cting nguy hiém. Theo sb
lieu thdng ké cua T6 Chac Y Té Thé Gisi (WHO), vao
nim 2012 sd ngudi mic bénh di ting 1én dén 14 triéu
ngudi va s& khong ngiing ¢ con s6 dé. Hién nay, viéc diéu
tri bénh ung thu van con gap rat nhiéu kho khian nhu hiéu
qua diéu tri thap, su khang thudc cua té bao ung thu va
tinh khong dic hiéu cua thube dén té bao ung thu.

Hién nay trén thi truong co nhiéu loai thudc diéu trj
ung thu hiéu qua nhu cisplatin, paclitaxel, doxorubicin, 5-
Fluorouracil. Cac loai thudc nay thi co tac dung gay doc
va ngan can sy phan bao cua cac t& bao ung thu. Tuy
nhién, tac dung cua cac thudc diéu tri ung thu khong dac
hiéu boi vi sau khi dua thudc vao co thé thi chi mot phan
nho luong thude dén té bao ung thu dé tiéu diét, phan con
lai phan bd vao cac co quan khac hoic bi chuyén hoa tai
gan hay bi thai trir & than din dén nong do thudc tai té bao
ung thu rat thap [1]. Vi thé, khong phat huy dwoc tac
dung ma con gy doc cho té bao lanh. Pung trude tinh

gdy doc dén té bao lanh, ting kha ning hoa tan thudc,
ddng thoi ciing lam tang kha nang tham nhép vao t& bao
ung thu [2].

Bén canh d6, viéc kiém soat nha thudc dua trén su khac
biét vé nhiét do, pH, ndng do enzyme, v.v. ciing rat dwoc
quan tdm trong thoi gian gan day. Trong do, cic hé nano
kiém soat nha thudc dua vao su thay dbi pH dugc chi
trong nghién ciru nhidu nhat boi vi c6 su khac biét I6n vé
d6 pH giita bén trong va bén ngoai té& bao. Vi vy,
nanogel nhay pH 1a mot tiém ning 16n dé cac nha nghién
clru trong va ngoai nudc quan tdm va phat trién. Cac cong
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trinh nghién cuu nanogel ¢ nudce ngoai nhu Ting Zhou va
cong su (2012) tong hop hat nanogel nhay pH dleu chinh
dé mang thudc Chong ung thu dén dang vi tri can diéu trj,
bang cach thiét ké hat nano gel nhay pH dua trén
Chitosan véi kich thuéc (<200nm) [3]. Farhana Sultana
va cong su (2013) da tong quat hé nanogel c6 kha ning
dan truyén thudc cao [4]. O trong nuéc T.S Nguyén Dai
Hai va cong su tai Vién Han Lam Vat Liéu Ung Dung da
nghién ctru téng hop hat nanogel heparin— pluronic véi
kich thugc 40-60 nm. Hé nay duoc mang thudc paclitaxel
(PTX), doxorubicin hay protein. Ngoai ra nhém con
nghién ciru cac thy thé 1a acid folic va RGD dé tang kha
nang hudng dich cua hat nano t¢i té bao ung thu.

O day, trong nghién ciu nay da tong horp hé nanogel
nhay pH dua trén co s¢ chitosan — PEG nham kiém soat
nha thudc dung muc tiéu, tang hi¢u qua khi sir dung
thuéc. Trong do, chitosan 1a polymer ty nhién kém tan &
mdi trudng trung tinh. Tuy nhién, duoc Gtng dung kha phd
bién trong vat liéu y sinh vi chung c6 rat nhiéu wu diém
vuoc troi nhu ¢6 cac protein mang thudc, kha ning twong
thich sinh hoc va phan hity sinh hoc rat tt, khong doc, va
dem lai hiéu qua cao trong quéa trinh mang thudc [5].
Polyethylene glycol (PEG) gan Ién trén chitosan dé ting
kha ning tan cua hé va tranh su két tu cia cic mach
chitosan. Theo cac bao cdo gin ddy, gin PEG vao trén
sudn chitosan s& lam ting kha ning tuong thich cua thube
trong té bao mau, tranh khoi sy hap thy cua protein, ting
cuong kha nang tuong thich sinh hoc cua chitosan [6].
Céc phuong phap phan tich dugc dung trong nghién ciru
FT-IR, H-NMR duoc sir dung dé xac dinh céu trac cua
nanogel. Xac dinh kich thuéc va hinh dang hat bang
phuong phap chup anh TEM va phuong phap do HPLC
ding dé xac dinh nong d6 thudc. Kha ning mang va nha
thudc duoc danh gia bang phuong phap tham tach mang
in vitro.

2. THUC NGHIEM
2.1 Nguyén liéu

Chitosan (Mw = 100~3000 kDa), p_nitrophenyl
chloroformate (NPC) dugc dat mua tir Acros Oranics
polyethylene glycol (Mw = 5000Da) dugc mua tir USA,
tetrahydrofuran (THF) dugc mua tu Tay Ban Nha.

2.2 Qua trinh hoa tan chitosan

Cho vao becher 17,72g chitosan va nudc cit, dé trén
may khudy tir nho ting giot HCI IN vao, dung gidy pH dé
diéu chinh d6 pH xudng pH 3,0 dé chitosan tan hét. Sau
d6 dung NaOH dé déu chinh 1én pH 5,0.

2.3 Hoat héa PEG

NO, NO,

+ HCl
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H;C OH + —>
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Hinh 1. Phuong trinh hoat héa PEG

Cho vao binh cau 2 ¢b 2,26g PEG va nung ¢ nhiét do
65°C, cho dén khi PEG tan hét. Sau do, dung may hut
chan khong dé hat cac bot khi ra khoi mau. Sau khi PEG
da tan hét va da hut hét cac bot khi thi cho 0,1349g NPC
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vao mau, T°= 65°C. Tiép theo, cho miu phan ng trong 6
gio. Sau khi cho mau phan &ng trong 6 gio thi ha nhiét do
xudng T° = 40 °C, dé sau 10 phut thi cho 10 ml nuéc cat
va 50 ml THF vao mau.

2.4 Quy trinh tong hgp chitosan-PEG

Sau khi chitosan dd hoa tan va PEG d3a hoat héa, chia 5
ty 1€ nhu sau (1:1, 1:3, 1:5, 1:7, 1:10), cho chitosan vao
binh cau trudc va cho tir tir ting giot PEG vao, 1am nhu
VAy V6i 5 mau ang véi 5 ti 18 khac nhau. Sau d6 dé trén
méay khudy tir véi tbc do khudy 380 v/p, cho phan tng
trong 24 gio. Sau khi da phan ung trong 24 gio dem di rira
mau bang cach loc sach sau d6 cho mdi mau vao becher
500 ml dé trén may khudy tir, cho NaOH IM vao va diéu
chinh pH 9,0 dé tao két tua, tiép theo dem di loc dé lay
phan taa, lap di 1ap lai nhu vay trong 3 lan, iy phan tua
cho HCI IN vao dé chitosan tan hét va diéu chinh pH 3,0
tiép theo nang 1én pH 9,0 bang cach cho NaOH IM vao
dé tao tua, loc ldy phin tua dé cho san phiam duogc tinh
khiét. Sau d6 lay phan tia d6 dem di sdy dong kho dé cho
san pham chitosan-PEG.

OH NO, OH
HO 0 0H+© _>HOE§:
0" NH NHJ! 0{\/\ CH;

Hinh 2. Phwong trinh téng hop chitosan-PEG
2.5 Chitosan-PEG nap thubc paclitaxel (PTX)

L4y 5 miu chitosan-PEG-PTX di dong kho, mdi mau
1,5 mg dem hoa tan véi 0,5 ml dichloromethane va 2 ml
acetonitrile/water ti 1€ (50:50). Sau d6, dem di danh song
siéu 4m trong 30 phut dé phan tan mau. Mau s& dugc dem
di do HPLC dé xéc dinh luong thudc nap vao céu trac
chitosan-PEG.

Xac dinh duong chuin bang cach. Ly mot mau chuin
nhu sau: 0,5 mg PTX hoa tan v4i 1 ml methanol, pha
lodng dan ndng d6 dén 0,003. Két qua do HPLC cua PTX
dé xac dinh duong chuan. Tir dudng chuén ta co thé xac
dinh duogc luong thudc nap vao cau trac chitosan-PEG.
San pham tao ra chitosan-PEG-PTX.

2.6 Tién hanh nha thudc trong dém PBS

Nha thudc trong 2 dém PBS pH 7,4 va pH 5,0 dé so
sang kha nang nha thudc qua d6 danh gia kha ning nhay
pH cua hé.

Pém phosphat 1a mot dung dich ding truong c6 pH
gidng voi pH trong co thé sinh vat.

Thanh phan dém PBS (0,1 M, pH 7,4) gém NaCl, KClI,
Na;HPO,, KH,PO, Thanh phan dém PBS pH 5,0 gom
Na;HPQO, 0,2 M, axit citric 0,1 M.

Sau khi do HPLC dé xac dinh luong thudc nap vao ciu
trac chitosan-PEG qua 5 ti 1¢, thi cho thay ti I¢ 1:1 c6 kha
ning mang thudc tot nhat, ti 1¢ 1:1 dwoc tién hanh nha
thudc trong 2 dung dich dém PBS pH 7,4 va pH 5,0.

Chuén bi 6 éng mdi éng cho vao 10 mg mau chitosan-
PEG-PTX, 2 ml PBS va 0,1 % tween 80. Pem 6 6ng di
danh siéu 4am dé hoa tan mau. Sau d6, cho 6 éng chua
mau vao 6 mang loc MWCO 3000-5000 Da. Tiép theo,
ldy 3 mang vao 3 dng di chira 8 ml dung méi tham tach 1a
dém PBS (pH 7,4), 3 mang loc con lai cho vao 3 dng da
chira 8 ml dung méi tham tach 1a dém PBS (pH 5,0).
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Pé xac dinh lwong PTX dugc nha ra ta tién hanh lay
mau nudc tham tach bén ngoai mang, mdi lan lay 1,5 ml
trong 1 gio, 3 gio, 6 gio, 12 gio, 24 gio, 36 gio, 48 gio, 72
gio, 96 gio. M&i khi ldy mau thém vao lugng dém PSB
tuong (g voi lugng mau di lay ra.

Chitosan-PEG-PTX dugc chia thanh 3 phan bang nhau
dém PBS pH 7,4 va pH 5,0 tién hanh tham tach va lay
két qua trung binh nhiam giam sai s6 cia qué trinh nha
thudc, do Iwong PTX nap vao cdu trac chit mang thudc
¢6 kha ning phan tan khong dong déu. Cac mau nudc
tham tach duoc bao quan & nhiét do thuong sau d6 mang
do HPLC dé xéac dinh nong d¢6 PTX ty do khuéch tan ra
ngoai mang tham tach.

3. KET QUA VA BAN LUAN

3.1 Két qua phan tich phé FT-IR cta chitosan — PEG
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Hinh 3. Phé FT-IR t/ ¢ 1:10 cuia chitosan — PEG

Tir hinh 3 két qua phd FT-IR cho ta thay rang :

Miii 3418 cm™? twong ng v6i nhém O-H cua chitosan
va PEG, dao dong gidn cua lién két N-H bac 1 cua
chitosan.

Miii 2924 cm? dao dong gidn cua lién két C-H va
nhém CH; cua PEG, chitosan.

Miii 1632 cm™? dao dong udn cua lién két N-H bac 2
cua chitosan.

Miii xuat hién dic trung cho PEG tai mii 1090 cm®
dao dong gian C-0O, vi day la nhom dac trung cho PEG.

Mii xuat hién tai 650 cm®, 565 cm™, 899 cm? dao
dong dan C-H dac trung cho PEG, chitosan.

Nhom dic trung cho PEG va chitosan thé hién & trén
phd chuin, dua vao dé c6 thé xac dinh vi tri cta cac mii.

3.2 Két qua phan tich phé 'H-MNR ciia chitosan —
PEG

Tir Hinh 4 cho ta thy nhitng miii ddc trung sau: Miii
& 6 = 1,95 ppm dac trung cho nhom methyl (-CHs-) cua
PEG do proton lién két v6i nguyén tir co d6 am dién Ion
hon 14 O nén dién tir bi hit vé phia O lam giam sy che
chin cua tir truong bén ngoai chi cin mét tir trudng nho
gdy ra hién tuong cong huong tir hat nhan vi thé miii s&
dich chuyén vé phia bén tréi tir truong thip hon.
Céc miii 6 6 = 2,75 — 3,07 ppm va mii d = 3,80 ppm la
nhitng mii dac trung cho nhom (-CH-) cua chitosan.
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Hinh 4. Phé 'H-MNR t/ 16 1:10 cua chitosan-PEG
(Dung moi 2% CD3COOD / D20)
Miii tir 6 = 3,50 — 3,80 ppm nhiing miii dac trung cho
nhom oxyethylen la nhém (-CH,CH;O-) cia PEG va
nhom glucosamine cua chitosan.

3.3 Két qua chup TEM ctia chitosan-PEG-PTX
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Hinh 5. Anh TEM cua chitosan-PEG-PTX ti I¢ 1:1 va gian d6
phdn bo kich thudc hat
Két qua TEM cua chitosan-PEG-PTX ti 1& 1:1 cho thay
kich thugc hat & khoang 40 nm va kich thudc hat phan b
tuong dbi dong déu, ¢ nhiét do T° = 37°C
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Hinh 6. Anh TEM cua chitosan-PEG-PTX t/ ¢ 1:3 va gian do
phdn bo kich thudc hat
Két qua chup anh TEM cua chitosan-PEG-PTX ti &
1:3 cho thdy kich thugc hat 40 nm, & nhiét do T° = 37°C.
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Hinh 7. Anh TEM cua chitosan-PEG-PTX t/ I¢ 1:5 va gian do
phdn bo kich thudéc hat
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Két qua chup anh TEM cua chitqsan-PEG—PTX ti le
1:5 cho thay kich thuéc hat phan bé khoang 40 nm, ¢
nhiét ¢6 T° = 37°C.
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Hinh 8. Anh TEM cuia chitosan-PEG-PTX ti I¢ 1:7 va gidn do
phdn boé kich thuoc hat
Két qua chup anh TEM cua chitosan-PEG-PTX ti ¢
1:7 cho thay kich thuéc hat phan bé & 40 - 45 nm va phan
bé twong ddi dong déu, & nhiét do T = 37°C.
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Hinh 9. Anh TEM cua chitosan-PEG-PTX ti I¢ 1:10 va gian do
phdn bé kich thudc hat

Két qua chup TEM cua chitosan-PEG-PTX ti I 1:10
cho thy kich thuéc hat khoang 35 nm, kich thuéc hat
phan bd tuong dbi dong déu, & nhiét do T° = 37°C.

Trong 5 ti lé 1:1, 1:3, 1:5, 1:7, 1:10 ta thiy rang kich
thudc hat trung binh khoang tir 35 - 45 nm, hinh dang hat
hinh cdu va mat d6 phan bd kich thuéc hat twong ddi
ddng déu. Tuy nhién, anh TEM cho ta thiy ring cang
nhiéu PEG bam vao thi lam hat co lai va kich thudc cang
nho, nhung cang it PEG bam vao thi kha nang mang
thudc cang t6t, vi lam ting kha ning twong tic ky nudc
gitra hat nano va thudc.

3.3 Khao sat kha niang mang thubc

Xay dung dudng chuin

Thubc paclitaxel (PTX) duoc pha véi 7 ndng do khac
nhau tir 0,003 — 0,5 (mg/ml), sau d6 do HPLC dé xay
dung phuong trinh dudng chuan
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*D R2=0.9985
< 9000 4
S
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3000 A
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Hinh 10. So dé dwong chudn PTX
Phuong trinh dudng chuan:
y = 26855x — 57,396
Chitosan — PEG nap thuéc PTX
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Hinh 11. Sdc ky dé ti 1¢ 1:1 chitosan-PEG nap thusc PTX

Cac mau sau khi thAm tach duoc bom vao vial dé tiém
mau ty dong.

Lugng mau tiém 1a 20 pl, dung moi chay cot la
Acetonitrile: H20 ti 1€ (50:50).

Tbc d6 bom 1a 1 ml/phut do tai budc song 227 nm.

Dua vao phuong trinh dwong chuan va sic ky d6 dé
tinh luong PTX nang hoa vao trong ciu trac chitosan—
PEG nhu sau:

Bdng 1. S6 liéu PTX ngp vao 5 ti 1¢ ciia cdu tric Chitosan —

PEG
Tile Téng thubc  Hiéu

mg  thudc/chit mang dwoc  suat

mang %

0,0210 0,0525 0,0362 9,059 72,47
0,0104 0,0260 0,0176 4.412 35,29
0,0136 0,0341 0,0232 5,812 46,49
0,0052 0,0131 0,0088 2,205 17,64
T 0,0004 0,0009 0,0006 0,147 1,18

Qua s liéu trén ta thay: trong 5 ti lé (1:1, 1:3, 1:5, 1:7,
1:10) thi ti 18 1:1 kha nang mang thuc cao nhét véi hiéu
Suét 1a 72,47%, qua do thi ti 1& 1:10 c¢6 hiéu suat nang hoa
thip nhat chi 1,18%.

3.4 Két qua qua trinh nha thubc

Ta thay ti 18 1:1 c¢6 kha ning mang thudc tot nhat nén
tien hanh nha thuoc ¢ ti 1€ 1:1 tai pH 7,4 va pH 5,0 trong
96 gio va két qua nha thudc dugc thé hién ¢ bang 2 nhu
sau:

Bdng 2. S6 liéu qua trinh nha thuc PTX
PTX (mg)  PTX(mg) %PTX  %PTX

(PH 5) (PH7.4)  (pHY)

(pH 7,4)

- 0,08 0,32 0,9 3,5
- 0,13 0,54 1,4 59
- 0,18 0,60 2,0 6,6
- 0,37 0,80 41 8,8
- 0,44 1,00 48 11,0
- 0,50 1,14 55 12,6
- 0,81 1,98 8,9 218
- 1,35 2,43 14,9 26,9
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Hinh 12. D6 thj thé hién % leong thudc duot gidi phong
tai pH 7,4 va pH 5,0

Dua vao phuong trinh dwong chuan dé tinh toan luong
thu6c PTX da dugc phong thich ra ngoai mang.

Dua vao db thi ta thiy hiéu suat (%) luong thude dugc
giai phong tai pH 5,0 trong 96 gio cao hon pH 7,4.

Két qua cho thdy rang pH cang thip thi kha ning nha
thudc cua hat nano chitosan cang cao.

Luong thudc giai phong trong 96 gio, dwa vao phuong
trinh duong chuan dé tinh dwoc lwong giai phong cua
thudc, tai pH 7,4 sau 96 gio thudc nha chi véi hiéu suat
14,9 % va tai pH 5,0 sau 96 gid lugng thudc nha dat
duoc voi hiéu suat 26,9 %, hiéu suit cao hon so véi pH
4.

4. KET LUAN

Trong nghién ciru nay da tong hop thanh cong bién tinh
chitosan-PEG. Hat nanogel nhay pH trén co s& chitosan—
PEG tao ra c6 kich thuéc 35-45 nm duoc phan bd dong
déu thich hop dé van chuyén dugc chat hiéu qua.

Hiéu suit ning mang thudc cua chitosan-PEG thay doi
tir 1,18 % t6i 72,47% tuy thude vao lugng PEG gén vio.
Ty 1é PEG trong PEG-chitosan cang ting thi hiéu suét
mang thudc cang giam. Hat nano PEG—Chitosan nha
thudc trong moi truong acid pH 5,0 (26,9% thudc phong
thich sau 96 gi¢) nhanh hon so v&i méi truong pH 7,4
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(14,9% thudc phong thich sau 96 gio).
5. CAM ON

Xin gui 10i cam on chan thanh dén TS. Nguyén Dai
Hai tai Vién Khoa hoc Vat lieu Ung dung, Vién Khoa hoc
va Cong ngh¢ Viét Nam, thay Nguyén Xuan Chuong tai
Khoa Duoc - Truong Pai hoc Lac Hong va quy thdy ¢
Khoa Ky thuat Hoa hoc va Méi truong cling nhu ban lanh
dao Truong Pai hoc Lac Hong da hd tro va giup d dé toi
hoan thanh nghién ctru nay.
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