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MO PAU

1. Tinh cép thiét cia dé tai: Hién nay, ung thu 13 mét trong
nhitng cin bénh pho bién va ¢4 ti 1¢ tr vong cao, gay anh huong
I6n dén tinh mang, kinh té, va chat luong séng cua hang chuc
triéu bénh nhan trén toan thé giéi. Vat liéu mang thudc nano, mac
di ¢6 nhidu wu diém vuot troi so véi phuong phap hoéa tri liéu
truyén thong trong diéu tri ung thu, van ton tai nhiéu han ché.
Viéc phat trién cac vat liéu lai tir nhitng vat lidu nano dién hinh,
nhu nano silica xp va liposome, di dwoc ching minh ¢ thé cai
thién déng ké cac han ché ddng thoi phat huy wu diém cua ting
loai vat liéu thanh phan, tir d6 nang cao kha niang van chuyén
thudc va hiéu qua diéu tri.

2. Muc tiéu ciia Luan &n: Phat trién hé van chuyén nano lai da
chirc nang dwa trén cau tric nano silica xop - liposome (MSN—
LP), duoc chirc hda bé mit bang cac polymer tuong thich sinh
hoc gén folate, nham nang cao d6 6n dinh trong méi truong sinh
ly, kiém soét giai phong thude, va cai thién hiéu qua khang ung
thu.

3. Y nghia khoa hoc va thuc tién: Dong gop céc vat liéu mang
thuéc nano méi MLBF, MLGPF, va MLCPF c6 kha ning giit
thudc, kiém soét phong thich thudc, va xam nhap té bao ung thu
dugc cai thién so véi MSN, ¢6 trién vong phét trién thanh vat liéu
mang thudc c6 thé ung dung trén 1am sang trong diéu tri ung thu.
4. Bb cuc luan an: Luan an c6 137 trang bao gom M¢ dau;
Chuong 1: Téng quan; Chuong 2: Phuong phap; Chuong 3: Két
qua va thao luan: 3.1. Téng hop MSN-Liposome; 3.2. Téng hop
MSN-Liposome pha Brij-FA; 3.3. Téng hop MSN-Liposome



2

phu Gelatin-PEG-FA; 3.4. Tong hop MSN-Liposome phi
Chitosan-PEG-FA. 3.5. Thao luan; Két luan va kién nghi. Luan
an co6 3 bang, 65 hinh, 179 tai liéu tham khao.

CHUONG 1. TONG QUAN

Trong thap ky gan day, su bing nd ciia cong nghé nano da mo
ra thé hé vat liéu mang thudc méi vai tinh chat hda—ly vuot troi,
dic biét htra hen trong diéu tri ung thu. Trong s do, hat nano
silica x6p (MSN) va liposome (LP) Ia hai trong s it nhiing loai
vat liéu da dugc dua vao thr nghiém 1am sang, véi nhiéu thé
manh: MSN c6 d6 bén hda ly cao, dién tich bé mat va thé tich 156
x6p 16n, cho phép nap da dang dwoc chat, va c6 thé dugc tinh
chinh vé mit kich thudc/hinh thai dé téi uu phan b sinh hoc.
Trong khi d6 LP c6 ciu trac twong tw mang té bao, ¢ tinh tuong
thich sinh hoc cao, bao gdi tét thude ky nudc trong 16p lipid kép
va cai thién tuong tac véi té bao.

Tuy nhién, mdi hé don 1¢ déu c6 mot sé han ché: MSN véi 15
x6p ma €6 thé ro ri thude sém trude khi dén muyc tiéu, nhoém chic
bé mit c6 kha nang gy tan huyét, va c6 thoi gian ton tai trong hé
tuan hoan ngin. LP véi ban chit thuan hitu co lai d& mat 6n dinh
trong diéu kién sinh ly. Vi vay, vat liéu lai MSN-LP (ML) ra doi
nhu mot chién lugc tich hop uu diém va khic phuc nhugc diém
cua hai loai vat liéu ké trén: 16p vo LP che phu trén bé mat 15
MSN gitip giam ro ri thudc, duy tri nha thudc kéo dai, ting tuong
thich sinh hoc va ma rong kha ning chirc nang hoa bé mat.

Trén nén vat liéu lai nay, 16p phii polymer tuong thich sinh
hoc nhu polyethylene glycol (PEG), hodc cac copolymer chia
PEG (vi du chitosan-PEG, gelatin-PEG) giGip han ché opsonin
hoa va thyc bao, cai thién do on dinh keo, giam két tu va kéo dai



thoi gian ton tai trong hé tuan hoan. Dong thoi, viéc gan tac nhan
hudéng dich folic acid (FA) cho phép nhan dién thy thé folate (FR)
thudng boc 16 cao trén nhiéu dong té bao ung thu, gilp ting hiéu
luc gay doc chon loc trén khdi u. Ngoai ra, ML con cung cap kha
nang kiém soat phong thich nhay pH: mang lipid kép va 16p
polymer c6 thé dugc thiét ké dé 6n dinh & pH sinh ly (7.4), han
ché nha thudc sém trong tuan hoan, nhung dap tng manh & moi
truong vi khdi u hodc noi bao (pH=5.0-6.5).

Trén co s¢ do, nghién ctru V& tong hop, bién tinh bé mat vat
liéu lai MSN-LP, phii polymer tuong thich sinh hoc va gin tac
nhan hudng dich, ciing danh gia co ché phong thich nhay pH va
hiéu qua khang ung thu in vitro, mang y nghia khoa hoc va thyuc
tidn rd rét cho phat trién hé mang thuc nano thdng minh hudng
t6i wng dung trong diéu tri ung thu.

CHUONG 2. PHUONG PHAP
2.1. Cic phuong phap tong hop
2.1.1. Tong hgp MSN-NH;
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Hinh 2.1. Quy trinh téng hop MSN-NH,
2.1.2. Ténghgp LP
Liposome (LP) dugc tong hop bang phuong phap hydrat hoa
mang lipid mong két hop véi ddng nhat héa bang siéu am.
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LP-Brij va LP-Brij-FA dugc tong hop bing phuwong phap
tuong ty, nhung thém Brij hoic Brij-FA vao thanh phan ban dau.

Lecithin
Cholesterel 4+ CHCI
i ;
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Hoa tan Cé quay Hydrate hoa Siéu dm
—_— I — —_—
Mang lipid méng MLVs Liposome

Hinh 2.2. Quy trinh tong hop LP
2.1.3. Téng hep ML, MLB, va MLBF

MSN-NH,

§ \/ »
Hinh 2.3. Quy trinh tong hop ML (a), va MLB / MLBF (b)
ML, MLB, va MLBF duoc tong hop bang cach két hop MSN-
NH: véi LP, LP-Brij, hoac LP-Brij-FA (mdt cach tuong ng),
khudy tir, sau d6 siéu am. San pham dugc 1am sach bang ly tam.
2.1.4. Tbéng hgp copolymer
2.1.4.1. Téng hep Brij-FA
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Hinh 2.4. So d6 phan tung tong hop Brij-FA
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2.1.4.2. Téng hgp Gelatin-PEG-FA
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Hinh 2.5. So @6 phan &ng tong hop GLT-PEG-FA
2.1.4.3. Téng hgp Chitosan-PEG-FA
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Hinh 2.6. So @ phan tung tong hop CTS-PEG-FA
2.1.5. Téng hgp MLGPF va MLCPF

#
L
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Hinh 2.7. Quy trinh tong hop MLGPF va MLCPF
2.2.  Phuong phap phan tich
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Céu trc hda hoc cua copolymer dwoc ching minh bang phé
NMR va FT-IR. Kich thudc hat cua vat liéu nano dugce xac dinh
bing DLS, SEM, TEM. Thé zeta dugc xac dinh bang DLS. Céu
trdc héa hoc dugc chitng minh bang FT-IR, EDX. Tinh chat nhiét
dugc phan tich bang TGA. Nong d6 thude duge xac dinh bang
phuong phép tric quang, sir dung may doc dia ELISA.

2.3. Nang hoéa va phéng thich thude
2.3.1. Nang h6éa DOX

Doxorubicin (DOX) duoc nap vao MSN-NH: bang phuong
phap khuéch tan trong dung méi nudce, ly thm ¢ 10.000 vong/pht
trong 30 phut. Phan dich dugc dung dé xac dinh luong thudc du
bang phwong phap tric quang tai budc séng 490 nm.

2.3.2.  Phong thich thuéc

Hb so phong thich thudc dugc dénh gia biang phuong phap
thim tach trong hai méi trudng pH 7.4 va pH 5.5. Lay miu dé
xac dinh ndng d6 thudc tai 1, 3, 6, 12, 24, 48, va 72 gio.

2.4.  Doc tinh té bao va xam nhip té bao

Pac tinh té bao dugc danh gia trén dong té bao ung thu cb tir
cung HeLa bang phuong phap MTT. Xam nhap té bao duoc thir
nghiém bang phuwong phap nap chit danh dau huynh quang.

CHUONG 3. KET QUA VA THAO LUAN
3.1.  Téng hgp MSN-LP
3.1.1. Téng hgp MSN-NH,

MSN di dugc tong hop thanh cong voéi kich thude dong hoc
139.9nm, thé zeta -25.9 mV. Sau khi bién tinh bé mat voi
APTES, MSN-NH; thu dugc c6 kich thuéc dong hoc tang 1én
dén 153.2 nm. Do kha ning proton héa cua cdc nhém chirc amine,
thé zeta tir -25.9 mV chuyén thanh +42.2 mV.



3.1.2. Ténghgp LP

LP tong hop duoc co6 do don phan tan cao, véi kich thuéc
dong hoc 154.8 £ 1.4 nm, thé zeta -63.2 + 1.2 mV.
3.1.3. Téng hop ML

ML di duoc tong hop thanh cong bang phuong phap tron két
hop siéu &m, véi kich thudc hat tang tir 153.2 nm dén 178 nm,
thé zeta thay ddi tir +42.2 mV thanh -38.2 mV.
3.1.4. Panh gia tinh chit hda ly cia ML

a) : - b)
ML H = P si Weight%  Atomic%
|~ si 30.24 18.34
g i
S " - o 45.12 48.03
o 3
é iv, o & 19.95 28.29
E MSN-NH2 § N 4.15 5.05
s (3}
= P 0.55 0.30
C P
CH N
4000 3500 3000 2500 2000 1500 1000 500 0 1 2 3 4 5 6
Wavenumber (cm-1) keV
c) d)

110
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Hinh 3.1. Phd FT-IR ciia MSN-NH2, LP, va ML (a). Pho EDX
(b) va anh TEM (c) cua ML. Gian d6 TGA cia MSN-NH, va
ML (d)

Phé FTIR cua ML thé hién cac dinh dic trung cta ca MSN-
NH. va cac thanh phan lipid (Hinh 3.1a). Cac dinh ndi bat bao
gom dao dong kéo gidn bat dbi xing Si—O-Si tai 1096 cm™, dao
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dong udn Si—O-Si tai 802 cm™ va dao dong kéo gidn Si—O tai
964 cm™'. Cac tin hiéu tai 1743 cm™ (dao dong kéo gian C=0 cua
este), 1634 cm™ (C=C) va 1467 cm™ (dao dong lic cua nhom
CH:) duoc quy cho lop mang lipid kép.

Phé EDX cua ML cho thay sy hién dién caa cac nguyén té
cau thanh 16p mang lipid kép cua LP bao phia bé mat, véi 28.29%
carbon, 48.03% oxy, 5.05% nito va 0.30% phospho (Hinh 3.1b).
Bén canh do, phan trim nguyén tir cua silica da giam tir 29,89%
(trong MSN) xubng con 18,34%, cho thdy bé mat ciia cac hat
MSN da dugc bao phu bai LP.

Déi véi mau MSN-NHz, su suy giam khdi luong khoang 5.4%
tai 200 °C c6 thé do sy mat am, su suy giam khéi luong thém
9.1% & 800 °C c6 thé 1a do sy phan huy cua cac nhém chuc
amine. B4i v6i mau ML, su mit khdi luong 8.0% ciing xay ra &
200 °C tuong ty nhu MSN-NH.. Sy suy giam khdi luong 23.1%
tai 800 °C duoc cho la do sy phén hay cua I6p LP bao phu trén
bé mat. Nhiing két qua trén da gop phan chang minh su bao phi
thanh céng cua LP trén cac hat MSN (Hinh 3.1d).

Anh TEM cho thiy vat liéu lai ML c6 dang hinh céu, kich
thuéc hat ddng déu khoang 60-90 nm (Hinh 3.1c).

3.1.5. Nap va phong thich thuéc

Hiéu suat nap thudc (EE) va ham luong thubc (LC) khi nap
DOX vao ML lan luot dat 60.3 + 2.5% va 11.1 + 0.7%. Ca MSN-
NH, va ML déu thé hién toc do giai phong thubc trong moi
trudmg pH 5.5 cao hon so v6i pH 7.4. Bén canh do, ML c¢6 toc do
giai phéng thudc thap hon so véi MSN-NH; & ciing thoi diém.
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Hinh 3.2. Ho so phéng thich thuéc DOX cia DOX@MSN-NH,
va DOX@ML trong PBSpH5.5vapH 7.4
3.1.6. Pic tinh té bao
ML khong gay doc dbi vai té bao HeLa & ndng do 1én dén 200

ng/mL, vai ty & song s6t cua té bao trén 80%.
a) b)
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100 . .
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z
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Hinh 3.3. Boc tinh té bao (a) va anh hién vi (b) caa ML. Thanh
kich thuéc 100 um

3.2.  Téng hop MSN-LP phii Brij-FA
3.2.1. Téng hgp ML phi Brij

LP duoc phu Brij (LB) voi cac ti 1€ va loai Brij khac nhau co6
kich thudc hat dao dong trong khoang 140-180 nm. LB chira 5-
30% Brij ¢6 do 6n dinh tét; tuy nhién ti 1& Brij 40% gay két tu.
3.2.1.1. Khdo sat cac logi Brij
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Hinh 3.4. Kich thudc hat va thé zeta sau 30 ngay bao quan (a)
va d6 6n dinh trong méi truong FBS (b) cua cac mau MLB sir
dung céc loai Brij khac nhau. (*) p<0.05

Sy gia tang d6 dai chudi Brij tir 10 dén 20 va 100 don vi PEO
dan dén su ting nhe kich thudc hat MLB tir 184.4 nm dén 179.7
nm va 194.2 nm, thé zeta tang tir -44.7 mV 1én -38.1 mV va -36.4
mV. Sau 30 ngay, kich thudc hat ciaa MLB100 hau nhu khong
thay dbi, trong khi kich thudc cia MLB10 va MLB20 ting 1én
dén 240.4 nm va 219.3 nm. Sy c6 mit cua Brij lam ting do on
dinh cua hé trong moi truong FBS, trong d6 MLB100 chira Brij
v6i 100 don vi PEO c6 d6 6n dinh tét nhat (Hinh 3.4).
3.2.1.2. Khdo sat t7 I¢ Brij

Su hién dién cta Brij 1am tang kich thudc hat cia MLB tu
180.6 nm (0% Brij) 1én 202.6 nm (5% Brij). Khi tang ty 1€ Brij
1én 10, 20 va 30%, kich thuéc hat giam xudng lan luot 12 192.6
nm, 190.2 nm va 188.9 nm. Tang ti 18 Brij gitip ting d6 6n dinh
ctia MLB trong FBS, tuy nhién khi tang ti & Brij tir 10% dén
30%, d6 6n dinh khéng c6 su cai thién dang ké (Hinh 3.5).

Tir cac két qua phan tich trén, Brij véi 100 don vi PEO dugc
Iua chon va duoc lién hop vai FA.
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Hinh 3.5. Kich thuéc hat va thé zeta sau 30 ngay bao quan (a)
va d6 6n dinh trong méi truong FBS (b) cua cac mau MLB sir
dung céc ti 1€ Brij khac nhau. (*) p<0.05

3.2.2. Tong hop Brij-FA
Brij-FA da duoc tong hop thanh cong, duoc chirng minh bang
c4c tin hiéu dic trung trén phd *H-NMR va FT-IR (Hinh 3.6).
QC}SXC“;ZC{OE}};,SNH,TK:H\ 2 - L

h

Brij-FA ) k

1)
—_—

.

'\
H:.J‘.’.‘JLW,.W; WJ J\deLLI¢_ CH o)

C=Oamide g

b) oo |‘
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Hinh 3.6. CAu triic héa hoc cua Brij-FA (a). Phé *H-NMR caa
Brij-FA (b). Phd FT-IR cua Brij, FA, va Brij-FA (c)
3.2.3. Téng hgp ML phii Brij-FA
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Hinh 3.7. Ph EDX ctia MLBF (a). Gian dd TGA cia MSN-
NH,, ML, va MLBF (b)

Céc hat nano ML dugc phu Brij-FA (MLBF) di duoc tong
hop thanh cong, duong kinh thuy dong hoc dat 191.8 +3.2 nm,
thé zeta -24.4 mV. Anh SEM va TEM cho thiy cé4c hat nano
MLBF c6 hinh ciu, kich thuée khoang 60-90 nm.

Ph6 EDX cua MLBF cho thiy ham lugng silic theo phan tram
khéi lugng dat 10.06%, thap hon so vi ML (19.65%), trong khi
ham Iuong carbon lai cao hon dang ké (37.99% so véi 28.73% &
ML). Su thay d6i nay cho thay sy hién dién cua I6p phi Brij-FA
bén ngoai 16p LP (Hinh 3.7a)

Két qua TGA cho thay tai 800 °C, d6 giam khdi lwong cua
MSN-NH., ML, va MLBF lan luot la 14.5%, 31.6%, va 34.9%.
Ti 1& giam khéi luong cia MLBF cao hon so véi ML, ¢6 thé duoc
quy cho sy phéan hay nhiét ctia cac phan ti Brij-FA bén ngoai 16p
LP, gop phan xac nhan sy hién dién cia 16p vo Brij-FA (Hinh
3.7b).

3.2.4.  Nap va phong thich thuéc

MLBF nap DOX dat EE =58.4 £ 2.9%, LC = 10.45 = 0.2%.

MLGPF mang DOX thé hién kha niang kiém soat phéng thich
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thubc nhay pH, véi lugng DOX giai phdng sau 72 gio chi 25.26%
0 pH 7.4 va dat 49.74% & pH 5.5.
3.2.5. Pjc tinh té bao

MLBF c6 tinh twong thich sinh hoc tét va khong gay doc té
bao trong khoang nong do tir 10-200 pg/mL, vai ti 18 té bao song
trén 80%. MLBF mang DOX thé hién doc tinh té bao trén dong
té bao ung thu HeLa khong khac biét thdng ké so véi DOX tu do
& cuing ndng do, cho thdy MLBF mang DOX van duy tri hiéu qua
chéng ung thu trong duong véi thube t do (Hinh 3.8).

a) 120 b) 120
ED-MLBF aoboXx
100 * 100
< w g 5
z =
g e 3 60
> s
= >
9 =
S 4 8 40
20 20 [
0 0
0 10 50 100 150 200 0 0.1 0.25 0.5 0.75 1
Concentration (ug/mL) DOX concentration (pg/mL)

Hinh 3.8. Bc tinh té bao in vitro caa MLBF (a), DOX tu do va
DOX@MLBF (b) trén dong té bao Hel a sau 48 gio

3.2.6. Xam nhap té bao

Céc té bao duoc xtr Iy voi DiIO-MLBF thé hién cuong do
huynh quang cao hon ré rét so vai cac té bao xi ly bang DiO-ML,
cho thdy viéc chirc ning hoa Brij-FA gilp cai thién dang ké kha
ning xam nhap té bao.
3.3.  Téng hop MSN-LP phit GLT-PEG-FA
3.3.1. Téng hgp GLT-PEG-FA
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Hinh 3.9. Cau triic hda hoc ciia GPF (a). Phd 'H-NMR (b) va
FT-IR (c) cia HOOC-PEG-FA va GPF (c)
GLT-PEG-FA (GPF) di dugc téng hop thanh cong, duoc
chting minh bang céc két qua pho *H-NMR va FT-IR (Hinh 3.9).
3.3.2. Téng hgp ML phi GLT-PEG-FA
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Hinh 3.10. D6 6n dinh cia MLGPF véi céc ty 16 GLT:PEG (a)
va do 6n dinh caia ML va MLGPF trong méi trudng FBS (b)

Ti 16 ML:GPF, nong d6 GPF, va ti I¢ gan PEG trén GPF déu

c6 anh huong dén do 6n dinh va kich thudc hat cua san pham

MLGPF. Két qua khao sét cho thay ¢ ti I¢ ML:GPF = 1:3 va nong

d6 GPF = 2000 pg/mL thu dugc MLGPF ¢6 kich thudc hat nho

nhét (218.8 + 2.7 nm). O céc ti 1¢ gin PEG trén GPF (GPF:PEG)
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=1:30 va 1:40, kich thuéc hat cia MLGPF rat 16n, trén 600 nm.
O céc ti 16 GPF:PEG = 1:5, 1:10, va 1:20, MLGPF thu duoc c6
kich thudc thay d6i khong dang ké trong khoang 203.5-218.8 nm.
Sau 30 ngay, MLGPF vai ti 16 GPF:PEG 1:20 c6 su thay ddi kich
thudc hat nhé hon MLGPF véi hai ti 1€ con lai (Hinh 3.10a).

MLGPF vai 16p pht polymer c6 dd 6n dinh trong mdi trudng
FBS cao hon so vai ML sau 72 gio (Hinh 3.10b).

3.3.3. Tinh chat héa ly cia MLGPF

Lép pha LP va GPF trong ciu triic cia MLGPF dugc chirng
minh bai tin hiéu FT-IR cua LP tai 1747 cm™ va cua GPF tai
1654 cm™ (Hinh 3.11a).

Két qua TGA cho thay tai 800 °C, do giam khéi lugng cua
ML va MLGPF lan luot 1a 31.5%, va 39.1%. Ti 1& giam khdi
lwong cia MLGPF cao hon so véi ML, ¢6 thé dugc quy cho su
phan hay nhiét cua cac phan tir GPF bén ngoai I6p LP, gop phan

xac nhan sy hién dién caa 16p vé GPF (Hinh 3.11b).
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Hinh 3.11. Phd FT-IR cia MSN-NH,, GPF, LP, va ML-GPF
(a). Gian dd TGA cua ML va MLGPF (b)
Ph6 EDX ciia MLGPF cho thay ti 1é cua silic va oxy lan luot
1a 6.32% va 35.27%, thap hon so véi CAc gi4 tri twong ng cla
ML (18.31% va 49.60%). Nguoc lai, ham lugng carbon trong
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MLGPF cao hon dang ké (58.23% so véi 26.63%), ching minh
su hién dién ciia GPF trén bé mat hat (Hinh 3.12a)

a) b)

MLGPF

@ Weight% Atomic%
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S

o 39.00 3527
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Hinh 3.12. Pho EDX (a va c), va ban db nguyén t (b va d) cua
ML va MLGPF

Két qua TEM cho thiy MLGPF c6 hinh dang ciu, véi kich
thudc khoang 60-90 nm (Hinh 3.12b).
3.3.4. Nap va phong thich thuéc

MLGPF nap DOX dat EE = 52.5 + 1.6%, LC = 9.82 + 0.4%.
MLGPF mang DOX thé hién kha niang kiém soat phong thich
thubc nhay pH, véi lugng DOX giai phéng sau 72 gid chi 23.3%
o0 pH 7.4 va dat 44.3% o6 pH 5.5.
3.3.5. Pic tinh té bao

MLGPF c6 tinh tuong thich sinh hoc tt va khong gay doc té
bao trong khoang nong do tir 10-200 pg/mL, vai ti 1¢ té bao song
trén 80%. MLGPF mang DOX thé hién doc tinh té bao trén dong
té bao ung thu HeLa cao hon DOX ty do véi IC50 = 0.47 pg/mL
so vai 0.67 ug/mL (Hinh 3.13).
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Hinh 3.13. Doc tinh té bao in vitro caa MLGPF (a), DOX tu do
va DOX@MLGPF (b) trén dong té bao Hela sau 48 gio
3.3.6. Xam nhap té bao
Céc té bao dugc xur ly voi DiIO-MLGPF thé hién cuong do
huynh quang cao hon rd rét so vai céc té bao xir ly bang DiO-ML,
cho thay viéc chirc niang hoa GPF gilip cai thién dang ké kha ning
xam nhap té bao.
3.4.  Tong hop MSN-LP phit CTS-PEG-FA
3.4.1. Tong hgp CTS-PEG-FA
CTS-PEG-FA (CPF) da dugc téng hop thanh céng, dugc
ching minh bang cac két qua phd 'H-NMR (Hinh 3.14).

/ o={

o
ff_ga,a |
Lo LY,
d d
Loe np A b I
S oy |
b 1
CPF D:0 || 2BE
\ ‘|'
i | Fd
j Il SN
r T T T T T T T T T )
10 9 8 7 [3 5 4 3 2 1 0

‘Chemical shift (ppm)

Hinh 3.14. Phd 1H-NMR cua CPF
3.4.2. Téng hgp ML phi CPF
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Hinh 3.15. Kich thuéc hat (a) va thé zeta (b) cia MLCPF voi
cac ty 1¢ ML:CPF va cac ty 1€ CTS:PEG

Tang ti 1& CPF 1am ting nhe kich thudc hat va ting thé zeta
cua MLCPF (Hinh 3.15).

Kich thuéc hat cia MLCPF thay dbi khong dang ké o ti lé
PEG thip (1:5 dén 1:20) nhung ting 1én 5 rét & cac ty 1&6 PEG
cao hon (1:30 va 1:40). Nguoc lai, thé zeta giam dan khi ti 1&
PEG tang (Hinh 3.15). Sau 30 ngay, MLCPF cd ti 1é GLT:PEG
1:20 ¢6 do tang kich thudc thip hon so véi cac ti Ié 1:5 va 1:10.
MLCPF véi 16p pht polymer c6 do 6n dinh trong méi trudng

FBS cao hon so vai ML sau 72 gio (Hinh 3.16).
a) b)
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Hinh 3.16. Kich thudc hat cia MLCPF sau 30 ngay (a). D9 6n
dinh caa ML va MLCPF trong FBS (b)
3.4.3. Tinh chat héa ly cia MLCPF
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Hinh 3.17. Phd FT-IR cua MLCPF va céc tién chat (a). Gian db
TGA ciaa MLCPF va ML (b). Anh TEM cua MLCPF (c)
Lép phu LP va CPF trong ciu tric cia MLCPF dugc chimng

minh bai tin hi¢u FT-IR cua LP tai 1743 cm™ va sy tang cuong

tin hiéu tai 1631 cm™' duoc cho la tin hiéu caa CPF (Hinh 3.17a).

Két qua TGA cho thay tai 800 °C, d6 giam khdi luong cua
ML va MLCPF lan luot 12 32.6%, va 41.6%. Ti 1& giam khoi
lwong cia MLCPF cao hon so véi ML, ¢6 thé dugc quy cho su
phan hity nhiét cua cac phan tir CPF bén ngoai I6p LP, gép phan
X&c nhan sy hién dién cua lop vo CPF (Hinh 3.17b).

Anh TEM cho thdy MLCPF c6 hinh cau, kich thuéc hat
khoang 60-90 nm. Trén bé mat hat quan sat thay mot 16p phii voi
do6 day khoang 5 nm, dugc cho la 16p CPF (Hinh 3.17c¢).

Phé EDX cho thiy su suy giam tin hiéu vo co cua Si va su gia
tang tin hiéu httu co ctia C va O cua MLCPF so véi ML, ching
minh CPF da dugc phii thanh cong 1én bé mat ML (Hinh 3.18).
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Hinh 3.18. Phd EDX cua ML (a) va MLCPF (b)

3.4.4. Nap va phong thich thuéc

MLCPF nap DOX dat EE = 59.5, LC = 9.7%. MLCPF mang
DOX thé hién kha niang kiém soat phéng thich thudc nhay pH.
3.4.5. Pjc tinh té bao

MLCPF c¢6 tinh twong thich sinh hoc tét va khong gay doc té
bao trong khoang nong do tir 10-200 pg/mL, vai ti 18 té bao sdng
trén 80%. MLCPF mang DOX thé hién doc tinh té bao trén dong
té bao ung thu HeLa cao hon DOX ty do véi IC50 = 0.41 ug/mL
so vai 0.60 pg/mL (Hinh 3.19).
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Hinh 3.19. Bac tinh té bao in vitro cia MLCPF (a), DOX tu do
va DOX@MLGPF (b) trén dong té bao Hel a sau 48 gio
3.4.6. Xam nhap té bao
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Céc té bao duoc xir ly voi DIO-MLCPF thé hién cuong do
huynh quang cao hon rd rét so vai céc té bao xir ly bang DiO-ML,
cho thay viéc chirc nang hoa CPF gilip cai thién dang ké kha ning
xam nhap té bao.

3.5. Thao luian
3.5.1. Sosanh tinh chat hoa ly

Kich thuéc thity dong hoc ting dan theo thir ty: ML (178 nm)
< MLBF (191.8 nm) < MLGPF (218.6 nm) < MLCPF (236.7
nm). Sy gia ting nay ty 1¢ thuan véi khéi lugng phan tir cua cac
tac nhan chuc hoa (tir chudi ngan Brij-FA dén cac dai phan te
GPF va CPF). T4t ca c4c hé déu nam trong khoang kich thudc toi
wu (50-300 nm) cho dan truyén thudc ung thu. Vé dién thé zeta,
vat liéu ML mang dién tich am lon (-38.2 mV), sau khi chirc hoa
v6i Brij-FA va GPF, thé zeta &m giam xudng (lan luot con -24.4
mV va -29.2 mV) do hiéu tng che lap cua I6p PEG. Dic biét, ¢
vat liéu MLCPF c0 su dao dién tich tir am sang duong (+21.4
mV), chung minh sy bao pha hoan toan cua lép CPF.

Két qua TGA tai 800 °C xé4c nhan su hinh thanh cac cau tric
da 16p. Sau khi loai bo luong nuée hap phu (khoang 5.4%), do
giam khéi luvong cia MSN-NH; 1 7.6%. Chi sb nay ting dang
ké & hé ML (26.1%). Bdi vai cac hé chirc hoa, khdi lugng mat di
tiép tuc tang tir MLBF (28.8%) dén MLGPF (33.7%) va dat cao
nhat & MLCPF (36.2%). Xu hudng tang dan theo thir ty MSN-
NH: < ML < MLBF < MLGPF < MLCPF hoan toan tuong thich
Vvéi dit lidu kich thuéc hat, khing dinh sy hién dién cua cac dai
phan tir trén bé mat vat ligu.

3.5.2. Mang va phéng thich thudc
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Hé ML dat hiéu suét nap (EE) va ham luong nap (LC) cao
nhét (60% va 11%). Cac hé chic hoa polymer c6 EE thap hon
(52-58%) do that thoat qua cac budc bién tinh. Tat ca cac h¢ lai
déu dap (g pH tot: tai pH 7.4, ty Ié ro ri thudc thap (23-26%).
Tai pH 5.5, luong thudc phong thich ting manh (50-60%) do su
bién d6i cau trac 16p lipid. Bac biét, hé MLCPF giai phéng nhanh
nhit nho sy proton héa cac nhoém amine giy truong nd 16p vo
polymer.

3.5.3. e tinh té bao

Cac vat lieu ML, MLBF, MLGPF, va MLCPF déu c6 tinh
tuong thich sinh hoc cao voi ti 1¢ té bao séng trén 80% trong
khoang nong do 10-200 pg/mL. Doc tinh ddi vai té bao ung thu
phu thudc vao nong dd, trong do gia tri 1C50 cho thiy su khéc
biét rd rét vé hiéu qua giy doc. DOX@MLBF (IC50 = 0.625
pg/mL) c6 hoat tinh manh hon DOX@ML (1C50 = 0.738 pg/mL)
nho dugc gén folic acid giup ting cuong kha nang nhap bao qua
con duong thy thé. Pang chii y, DOX@MLGPF (IC50 = 0.450
pg/mL) va DOX@MLCPF (IC50 = 0.410 pg/mL) cho hiéu qua
diét t& bao vuot troi so véi DOX tu do (IC50 = 0.585 pg/mL).
Két qua nay 1a do tac dong cong huong: 16p vé GPF chira trinh
tu peptide RGD giup lién két dzc hiéu voi thu thé integrin, trong
khi 16p CPF mang dién tich duong tao lyc hat tinh dién manh véi
mang té bao. Viéc bién tinh bé mit, dac biét 1a hé MLCPF, d tdi
wu hoa ndng d6 thude tai dich va nang cao dang ké higu qua diét
ung thur.

KET LUAN VA KIEN NGHI
1. ba tdng hop thanh cong vat lidu lai MSN-Liposome (ML) c6
kich thugc hat 178 nm va thé zeta -38.2 mV. Tdng hop thanh
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cong céac vat liéu lai ML phi polymer, bao gom: (i) ML phu Brij
(MLB) ¢6 kich thuéc hat 188-202 nm. (i) ML phu Brij-FA
(MLBF) ¢6 kich thuéc hat 191.8 + 3.2 nm, thé zeta -24.4 mV/.
(iii) ML phi GLT-PEG-FA (MLGPF) c6 kich thuéc hat 218.6
nm, thé zeta -29.2 mV. (iv) ML phia CLT-PEG-FA (MLCPF) c6
kich thuéc hat 236.7 nm, thé zeta 21.4 mV.
2. Cac hé vat liéu lai phii polymer déu thé hién kha ning kiém
soat phong thich thube dap ung pH, vai ti 16 DOX phéng thich
t6i da 30% sau 72 gid & pH 7.4, va t6i thiéu 44% & pH 5.5.
3. Céc vat lidu lai ML va ML phu polymer déu c6 tinh tuong
thich sinh hoc cao. MLBF mang DOX thé hién doc tinh trén té
bao ung thu HeLa tuong duong DOX tu do, trong khi MLGPF
va MLCPF mang DOX c6 hiéu qua cao hon.
4. Vat liéu lai phu polymer chta FA (MLBF, MLGPF, va
MLCPF) déu thé hién kha ning x4m nhap té bao cao hon so véi
vat liéu lai tran (ML).
5. Trong s cac loai vat liéu duoc nghién ctu, MLCPF thé hién
hiéu qua tiéu diét t& bao ung thu HeLa cao nhét

Kién nghi
1. Panh gia doc tinh ban truong didn, duoc dong hoc, phan b
mo, thoi gian thai trir ciing nhu hiéu qua khang u trén mé hinh in
vivo, 1am séang to hon tiém nang diéu tri va kha ning (ng dung
Iam sang cua cac hé nano dan da duoc phat trién.
2. Mot han ché cua vat liéu lai trén nén MSN 14 ty 18 giai phong
thude tich lity chi dat trén 50%. Do do, can tiép tuc t6i uu hoa
thiét ké nhiam nang cao hiéu qua giai phéng thudc.
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3. Cai tién thiét ké hé nano lai véi kha nang kiém soat phong thich
dap ung da kich thich, va huéng dich dac hiéu dén ting loai khi
u cu thé.

NHUNG PONG GOP MOI CUA LUAN AN
1. Téng hop thanh cong va danh gia tinh chét cua ba loai vat ligu
nano lai vo co-hiru co méi tng dung trong phan phéi thuc ung
thu: vat liéu nano silica x4p lai liposome (ML) phua bé mat véi
Brij-FA (MLBF), Gelatin-PEG-FA (MLGPF), va Chitosan-
PEG-FA (MLCPF). Chting minh sy cai thién vé& d6 6n dinh, kha
nang kiém soat phong thich thude dap wng pH, kha nang tiéu diét
té bao ung thu, va hiéu qua xam nhap té bao ung thu cta cac vat
liéu da tong hop.
2. Cung cap dir liéu khao sét sy anh hudng cua ti 16 Brij va do dai
chudi PEO dén d¢ 6n dinh va tinh chat héa ly cua vat liéu MLBF.
Phan tich sy anh huong cua ti 1& polymer : ML, nong do polymer,
va ti 18 PEG gan trén polymer, dén tinh chat hoa Iy va d6 6n dinh
cua vat liéu MLGPF va MLCPF.
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