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MO DAU
1. Tinh c4p thiét caa luan an

Theo hé théng phan loai sinh dugc hoc cia Co quan Quan ly Thube va Thuc
pham Hoa Ky (FDA\), trén 75% céc hoat chat nghién ctru thubc hién nay cé
tinh tan kém trong cac méi truong dich sinh Iy, han ché kha ning hap thu va
dua thudc vao tudn hoan mau. Di véi duge chit kém tan, dugce chit duoc
dua vao bén trong gid mang nano 15i than dau giup ting dang ké kha niang
hoa tan duoc chat. B& mat tiéu phan nano than nudc nén dé dang phan tan
trong moi truong nudc Va cai thién vuot troi tinh tan duoc chat. Trong s6 cac
hé thong phan phdi thudc thi hé thdng phan phéi thude trén co so vat liu
nanogel dugc xem 1a ndi bat do c6 thé tang cuong hiéu qua nang hoa thude
thong qua cac twong tac tinh dién va Ky nude cling nhu dap ¢ng viéc phan
phdi thubc chong ung thu nham muc tiéu. Do vai vat lidu phan phdi thude
nanogel, su két hop giita cac vat liéu polymer ty nhién va polymer tong hop
dang duoc quan tam nhiéu vi tan dung duogc cac tinh ning ndi bat cua ting
loai polymer. Dbi v6i polymer c6 nguon gdc ty nhién, chitosan thudng duoc
dung dé tao ra cac loai vat liéu y sinh mang thudc vi ¢6 nhém chirc mang
dién tich dwong —NH; d& bién tinh hoa hoc hoic tao lién két ngang vai phan
tr mang dién tich 4m, khong doc hai va tuong thich sinh hoc tét. Poi véi
polymer tong hop, polymer ludng tinh trén co s¢ poly(ethylene glycol) va
poly(propylene glycol) da dugc sir dung trong y dugc nhu Pluronic F68 va
Pluronic F127. Céc nanogel mang thudc trén co s& chitosan ghép Pluronic
cho dén nay chi duoc nghién ctru v6i Pluronic F127, trong khi do co rat nhiéu
loai Pluronic c6 tiém ning chua dwoc nghién ciu. Cac nanogel mang thudc
trén co so chitosan va Pluronic lién hop vai cac phéi tar hudng dich nhu folic
acid, biotin cho dén nay chi dugc nghién ciru d6i véi chitosan hoac Pluronic
riéng 1é, cac nanogel chitosan ghép Pluronic lién hop vai cac phdi tir nay van
chua dugc nghién ctu.



Chinh vi nhimg 1y do trén chung toi da tién hanh thyc hién dé tai: “Nghién
ciu tong hop cac nanogel mang thude da chirc ndng trén co s¢
chitosan—Pluronic dinh hiréng iing dung diéu tri ung thi” dé tim ra hé chét
mang nanogel c6 hiéu qua nang hoa cac hop chét sinh hoc ky nuéc tot nhat
két hop vai tac nhan hudng dich (phdi tir) nham giai phong thude ding vi tri
khdi u can diéu tri do twong tac dac hiéu cua phdi tir véi thu thé cua té bao
ung thu, s& giam dang ké tac dung gay doc cua thudc 1én té bao lanh. Bén
canh d6 hé chat mang nanogel c6 thé kéo dai thoi gian phdng thich thudc gop
phan tang sinh kha dung cua thudc va hiéu qua cia mé hinh diéu tri.

Muc tiéu nghién ciru

Diéu ché va danh gia cac dic tinh cua nanogel trén co sé chitosan ghép Vi
céc loai Pluronic véi céc gia tri HLB khéc nhau tir ky nuéc dén ua nudc
nham muc dich tim ra loai Pluronic nao tao ra nanogel mang lai hiéu qua
nang hda curcumin cao nhat. Tir 4o, thiét ké cac hé thdng phan phéi thudc
nanogel trén co s& chitosan—Pluronic twong (ng véi loai Pluronic tét nhat
lién hop Vvéi cac phdi tir nham muc tiéu 1a acid folic, biotin mang thuéc
paclitaxel wng dung trong diéu tri ung thu vu.

N@i dung nghién ciu

1. Tong hop hé phan phdi thudc chitosan ghép Pluronic véi 4 loai Pluronic
L61, P123, F127 va F68. Panh gia cau tric hoa hoc, dac tinh héa ly, kha
nang tai va giai phdng curcumin, kha nang twong thich sinh hoc, kha nang

tic ché té bao ung thu via MCF-7 ciia hé chitosan—Pluronic mang curcumin.

2. Tong hop hé phan phdi thube chitosan—Pluronic lién hop véi tac nhan
hudng dich acid folic va biotin. Panh gia cau tric hda hoc, dic tinh hoa ly,
kha nang tai va giai phong paclitaxel, kha nang tuong thich sinh hoc, kha
nang tc ché té bao ung thu va MCF—7 ctia hé chitosan—Pluronic hudng dich
mang paclitaxel.



CHUONG 1. TONG QUAN
1.1. Hé phan phéi thude trén co sé chitosan

Cac thugc tinh cua CS nhu kha nang tuong thich sinh hoc, kha nang phan
hity sinh hoc két hop véi cac thudc tinh ctia nanogel nhu kha niang bién dang,
mém, dién tich b& mat Ion, kha ning tai cao va 6n dinh dé dang lam cho
nanogel trén co s CS thanh vat liéu day htra hen dé dan truyén thudc, nudi
cay té bao va trj liéu.

1.2. H¢ phan phai thudc trén co sé Pluronic

Polymer Pluronic® di dugc FDA chép thuan cho sur dung trong dugc pham
va da duoc nghién ctiu cho cac ung dung diéu tri khac nhau. Do tinh chét
ludng tinh cta ching, cac chat ddng tring hop nay thé hién cac dic tinh cua
chat hoat dong bé mat, bao gém kha ning twong tac véi cac bé mat ky nudce
va mang sinh hoc. Khi néng do cua ching I6n hon nong do micelle téi han
(CMC), cac micelle Pluronic c6 thé hinh thanh mét cach tu nhién, dan dén
mot sé dac tinh co loi: khdi PPO c6 thé dugc st dung d&é mang thudc Ky
nuéc, chudi PEO wa nudc cd tac dung 6n dinh va tranh bi loai bo bai hé
thdng ludi ndi md. Phan wa nudc ciia micelle mang lai sy 6n dinh khong gian
va do d6 kéo dai thoi gian luu thong trong co thé, trong khi chat dong tring
hop khéi ky nudc c6 kha nang tai thudc cao va kha nang tuong thich tét. Hon
nira, khdi ky nudc caa Pluronic ¢é thé cai thién hiéu qua cia qua trinh thyc
bao va thiic day sy hap thy thuc. Mot s6 Pluronic ciing ¢ thé 1am can kiét
adenosine triphosphate (ATP) ngi bao, trc ché chirc ning ciia P-glycoprotein
(P-gp), anh hudng dén dong chay va van chuyén thudc, ddng thoi co tac dung
dao nguoc tinh trang khang da thudc cua khdi u.

1.3. Hé phan phédi thudc trén co sé chitosan—Pluronic

Viéc lién hop gitra chitosan va Pluronic giup cho cac phan tir monome
Pluronic duoc gan két trong ciing mot khdi véi phan tir chitosan, tir d6 cac
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phan tir Pluronic khdng bi phan tan ¢ nong do thap, gop phan bao nang hoa
cac phan tir thudc ky nuéc bén trong 156i micelle. Cac micelle tao thanh tir
chitosan lién hop vai Pluronic ¢ do bén va d6 6n dinh cao hon cac
polysaccharide khac nhu alginate, hyaluronic acid.... Diéu nay la do
chitosan mang dién tich duong con Pluronic mang dién tich @m nén céc
micelle chitosan lién hop vai Pluronic c6 su tuong tac tinh dién gitra hai loai
polyme nay va chitosan tao thanh I6p vé bao boc bén ngoai 15i ky nudc bén
trong micelle dugc hinh thanh bai phan PPO caa Pluronic.

CHUONG 2. THUC NGHIEM

2.1. Téng hgp chitosan — Pluronic (CS—Pluronic)

()

1) Khuy, hat chan khong, (2) Khudy, gia nhiét 60 °C (3) Khudy 12 gio,
gia nhiét 60 °C 30 phit trong 6 gid, lam ngudi dén sau d6 ¢ quay loai bo
nhiét do phong CHCly

(5) Hoa tan trong CHC;, ) (4) Rura, sau do c6 quay
khuay 24 gi¢, sau d6  j&—( NPC-Pluronic-NPC loai bo
¢ quay loai bo CHCl, n-hexane/diethyl ether
l Phan tich

. A 1 n-hexane/
n-hexane/ (6) Rua, sau d? €0 quay H-NMR, FT-IR diethyl ether
diethyl ether 10@1. bo
n-hexane/diethyl ether
(7) Hoa tan trong
nudc DI 6 pH S

Phan tich NPC-Pluronic-OH
'H-NMR, FT-IR ¢
R (9) Rua, sau do cd quay (10) Thim tach bing
(8) Hoa tan trong > loai bo > mang Cellulose
ethanol .
n-hexane/diethyl ether (MWCO 12000-14000 D)

!

A . 1
Phan tich "H-NMR, FT-IR (11) Pong kho
DSC, TGA, DLS

Hinh 2. 1. Luu d6 quy trinh tong hop CS—Pluronic.




Qua trinh tong hop chitosan — Pluronic véi 4 loai Pluronic khac nhau L61,
P123, F127 va F68 trai qua ba giai doan bao gdm: hoat hoa hai dau hydroxyl
cua Pluronic véi 4-Nitrophenyl chloroformate (NPC) dé tao thanh
NPC—-Pluronic—NPC; cic phan tir NPC—Pluronic—NPC duoc thay thé mot
phan tir phenylcarbomate & mot diu mach béi phan tir 3-Amine-1-propanol
dé tao thanh phan tir NPC—Pluronic—OH; ghép phéan tir NPC—Pluronic—OH
Ién mach chitosan dé tao thanh CS—Pluronic. Quy trinh tdng hop duoc thuc
hién theo luu dd Hinh 2.1.

2.2. Tong hgp folate—chitosan—Pluronic P123 (FA-CS-P123)

FA-CS-P123 duoc tong hop bang cach lién hop phan tir FA 1én mach
chitosan cua phan tir CS-P123. Quy trinh tong hop duoc thyc hién theo luu
d6 Hinh 2.2.

FA, EDC, (2) Hoa tejn trong nudc DI
NHS, DMSO g10°C

(1) Hoa tan hoan toan FA (3) Khudy & nhi¢t do | @ Thém tich bing mang
trong DMSO, sao do hoat phong trong 24 gic trong dém PBS 7.4, sau d6
hoa boi EDC/NHS 30 phut thim tach lai trong nuGc cét

!

Phan tich 'H-NMR, . .
FLIR [ (5) bong kho

Hinh 2. 2. Luu d6 quy trinh tong hop FA—CS—P123.

2.3. Tong hop chitosan—Pluronic P123—folate (CS—P123—FA)

Qua trinh téng hop CS—P123—FA trai qua ba giai doan bao gdm: bao vé
nhom chiic —~NH2 va lién hop véi EDA cua phan tir FA dé tao ra
BOC-FA-NH2; thay thé nhém NPC cua phan tir NPC—P123-NPC dé tao ra
BOC-FA-P123-NPC; ghép phan tt BOC-FA—P123-NPC 1én mach CS



thuc hién theo luu dd

Hinh 2.3.

FA, BOC,0,

(1) Hoa tan FA trong DMSO,
sau do nho dung dich
BOC,0/DMSO, khudy 24 gitr

1

(2) Tua va tinh ché bing

ethanol, sau do c6 quay loai

bo ethanol

{0

(6) Tua va tinh ché bang
ethanol, sau d6 c6 quay loai

bo ethanol

3) Hoa tan trong DMSO
va hoat héa & nhiét do

50 °C trong 24 gid

i

!

ddng thoi phad —-BOC dé tao thanh CS—P123—FA. Quy trinh tong hop duoc

(5) Phan tmg khudy

|
trong 24 gi®

(4) Loc loai bo DCU

BOC-FA-NH,

1

Phan tich
'H-NMR, FT-IR

(7) Hoa tan trong
DMSO

]| (9) Khudy trong ||

24 giy

(8) Hoa tan trong
DMSO

¥

(10) Tham tach trong
DMSO sau d6 trong
nude cat

—»{(11) Bong kho

BOC-FA-P123-NPC

@_,(13) Hoa tan trong (14) Khudly trong |<| (12) Hoa tan
nuée DI ¢ pH 5 24 gidy trong ethanol
(17) Déng kho |« (16) Tham tzi(fh trong | | (15) théy trong

nude cat 24 gio dé pha BOC
Phan tich
'H-NMR,

FT-IR

<_

Phan tich
"H-NMR,
FT-IR

Hinh 2. 3. Luu d6 quy trinh tong hop CS—P123-FA.

2.4. Tong hop chitosan—Pluronic P123—biotin (CS—P123-BIO)

Qua trinh téng hgp CS—P123-BIO trai qua ba giai doan bao gém: BIO dugc
lien hop voi EDA dé tao ra BIO-NH2; thay thé nhém NPC cua phan ti
NPC—-P123-NPC dé tao ra NPC—P123-BIO; ghép phén tir NPC—P123-BIO



I&én mach CS dé tao thanh CS—P123—BIO. Quy trinh tong hop dugc thuc hién
theo Iwu dd Hinh 2.4.

BIO, DCC, NHS
DMF

(1) Hoa tan BIO trong DMF,
sau d6 nho dung dich DCC, NHS,
khudy & 50 °C, 24 gid

(2) Loc bé DCU

Diethyl ether  )——

(3) Khudy ¢ nhiét do
phong, 24 gio

f

(4) Tua va tinh ché

(6) Hoa tan (7) Khudy ¢ nhiét do (5) Hoa tan
trong DMSO phong, 24 gio trong DMSO
(8) Tham tach trong
(9) Pong khé  <—| pMSO sau d6 trong nude cit

!

Phan tich
NPC-P123-BIO IH-NMR, FT-IR
(10) Hoa tan (12) Khudy & nhigt do
trong ethanol phong, 24 gio
(13) Tham tach

trong nudc cat

Phan tich
'H-NMR, FT-IR

(11) Hoa tan trong
nudc DI ¢ pH 5

(D

(14) Pong khd

—>( CS-P123-BIO

Phan tich
'H-NMR, FT-IR

Hinh 2. 4. Luu d6 quy trinh tong hop CS—P123—FA.

2.5. Xac dinh ndng d9 micelle téi han (CMC) cia nanogel

Trong nghién ciru nay, gia tri CMC duoc xac dinh bang phurong phép i6t. lon

iot hoa tan tham gia vao méi truong Ky nudce cua cac khbi PPO cua Pluronic,



gay ra sy chuyén 13- thanh 12 tir KI du trong dung dich . Dudi céc gia tri
CMC, céc chat hoat dong bé mat thé hién dudi dang hop nhét hon 1a ¢ dang
micelle. Do d6, khong c6 su chuyén ddi 13- thanh 12 1am cho cudng do hap
thu cua dung dich hdn hop khong ddi. Sau khi hinh thanh mixen, 13- dugc
chuyén thanh 12 bi cun vao khéng gian ky nuéc cua cac khdi PPO dan dén
su gia ting dang ké cudng do hap thu Cudng do hap thu cua 12 da duoc vé
db thi dudi dang ham cua ndng do cua cac loai polymer

2.6. Xac dinh kha niing nang héa thudc cia nanogel

Trong nghién ctru nay, CUR duoc st dung nhu 1a mot hoat chat sinh hoc ky
nude va PTX duoc sir dung nhu 1a mot thude chéng ung thu ky nude. Dua
vao dic diém cua chitosan—Pluronic va cac hop chat ky nudc, phuong phap
hydrat h6a mang mong dugc sir dung dé nang héa thude 1a phurong an téi uu
nhét.

2.7. Khao sat kha ning giai phong thuéc cia nanogel

Dé danh gia kha ning giai phong thudc ciia hé nanogel, phuong phép sir dung
mang tham tach duoc st dung khé phd bién trong viéc nghién ctru nay. Hon
hop dung nanogel mang thudc duoc dit trong mang tham tach co kich thuéc
16 tham tach sao cho 16n hon kich thugc phan tir thuée nhung van nhé hon
kich thudc cac phan tir polymer nhiam dam bao chi cho céc phan tir thude di
gua mang tham tach. TUi tham tach dugc dat trong méi trudng giai phong &
cac gia tri pH khao sat ¢ 37 °C.

2.8. Panh gia tinh twong thich sinh hoc ciia nanogel va déc tinh té bao
ciia hat nanogel mang thudc

Kha nang tuong thich sinh hoc cua cac hat nanogel dugc thir nghiém trén
dong té bao nguyén bao soi (fibroblast) va doc tinh té bao cua cac hat nanogel
mang thubc duoc thir nghiém trén dong té bao ung thu vt MCF-7 bang
phuong phap nhuém Sulforhodaminee B (SRB).



CHUONG 3. KET QUA VA THAO LUAN

3.1 Hé phan phéi thuéc CS—Pluronic

3.1.1. Pic diém ciu tric

Két qua phan tich phan tich phd cong huang tir hat nhan Hinh 3.1, cho thay
cho thdy r6 rang céc peak cong huong cua proton trén ciu tric Pluronic & &
~ 3.7 ppm (d), 5 ~ 3.5 ppm (e), & ~3.3 ppm (f) va & ~ 1.1 ppm (g). Su Xuat
hién cta hai cuc dai 6 6 ~ 3.0 ppm (i) va & ~ 2.0 ppm (j) dugc gan cho proton
proton nhom metylen & vi tri C2 va metyl (—CH3) cuia chitosan. Bén canh do,
su bién mét cuaa céc tin hiéu héa hoc cia NPC ¢ & ~ 8.3 ppm (a) va & ~ 7.4
ppm (b) cho thiy Pluronic di dugc ghép thanh cong vao chitosan. Di Véi
phd FT-IR ctia cac nanogel CS—Pluronic, peak dao dong dic trung cua lén
két N—H ctia amine va amide 11 bj suy yéu & CS—L61, CS—P123 va bi mét di
0 CS—F127, CS—F68, trong khi d6 peak dao dong dac trung cho amide I
dugc ting cuong rd rang. Peak amide 11 giam di dong thoi 1am manh peak
amide 1 6 1& 1a do mat nhdm amine bac mot (-NH,) thanh lién két amide
gitra chitosan va Pluronic (Hinh 3.2).

Mvﬁ “wrwo

J

*\ on
E NI N
|

............................ e ppm

Hinh 3. 1. Phé 1H-NMR cua CS—P123.
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(2) NPC-P123-OH P i
(3) CS-P123 i \

1 " 1 " 1 RN " 1

i i 1 P i
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Hinh 3. 2. Phé FT-IR ciia CS (1), NPC—P123-OH (2) va CS—P123 (3).

@ mﬁ ®) | cspios |

CS/L61 CS/P123

100 200 300 400 100 200 300 400
Nhiét d9 (°C) Nhiét d§ (°C)

© e @ ]
W Cs-F68

—

100 200 300 400 100 200 300 400
Nhiét d (°C) Nhiét 3 (°C)

Hinh 3. 3. Biéu dd DSC cua CS, cac loai Pluronic, cac loai CS—Pluronic va
hdn hop phai tron vat ly CS/Pluronic. L61 (a), P123 (b), F127 (c) va F68 (d).
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Cac miu duoc quét & nhiét d6 dao dong tir 30 dén 450 °C véi toc do gia nhiét
10 °C/phut. Két qua phan tich DSC dwoc thé hién trong Hinh 3.3. So sanh
biéu do nhiét DSC cua cac CS—Pluronic va CS/Pluronic ta thiy tat ca biéu
d6 nhiét cia CS—Pluronic déu khdng con xuat hién peak toa nhiét tai vang ~
300 °C lién quan dén sy phan hity cac don vi amin (—NH,), trong khi d6 biéu
d6 nhiét DSC cua hdn hop CS/Pluronic van xuat hién peak téa nhiét ¢ 284
°C (CS/L61), 306 °C (CS/P123), 296 °C (CS/F127) va 297 °C (CS/F68). Su
mét peak toéa nhiét tai ving ~300 °C dbi véi CS—Pluronic 13 do cac nhom
—NH; cua phén tir chitosan da tham gia phan (ng véi cac phan ta Pluronic
tao thanh lién két amide bén viing.

3.1.2. Xac dinh kha néing ghép cia Pluronic Ién mach CS, kha ning nang
héa CUR va diic diém cia nanogel

Két qua tinh toan ham lwong Pluronic va hiéu suat ghép cua Pluronic trén
mach chitosan duoc trinh bay trong Bang 3.1. Két qua cho thdy ham lugng
ciia L61 trong CS—L61 1a 64.38% véi hiéu suat 82.02%, luong cua P123
trong CS—LP123 13 83.95% véi hiéu suat 92.33%, ham lwong cua F127 trong
CS—F1271a 88.46% vai hiéu Suét 92.63%, ham lugng cia F68 trong CS—F68
1a 81.78% véi hiéu suat 87.50%.

Bang 3. 1. Hiéu suat phan tng caia Pluronic 1én chitosan.

Cong thac %Mazocs)  YoMazonanogel)  YoMcS(nanogel) ~ YoMPluronic(nanogel) ~ %0H
CS-Le1l 40.28 14.96 35.62 64.38 82.02
CS-P123 40.28 6.47 16.06 83.94 92.33
CS-F127 40.28 4.65 11.54 88.46 92.63
CS-F68 40.28 7.34 18.22 81.78 87.50

Két qua nang hoa CUR duogc danh gi4 qua hai gi4 tri DL% va EE% dugc thé
hién trén Hinh 3.4. Kha nang tai CUR (DL%) cua cac nanogel CS—L61,
CS-P123, CS—-F127 va CS—F68 1a 5.70 = 0.65%, 12.62 + 0.71%, 9.41 £
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0.46% va 4.32 £ 0.41% twong ting véi hiéu suat dong goi (EE%) 1a 37.98 +
3.75%, 84.12 + 4.70%, 62.76 + 3.06% va 28.82 + 2.71%.

100

=3 %
(=1 =]

'S
=]

Phan tram (%)

[
=1

CS-L61  CS-P123  CS-F127  CS-F68

Hinh 3. 4. Hiéu qua nang hdéa CUR cua cac loai CS—Pluronic

(b)

Hinh 3. 5. Két qua TEM cia CS-L61/CUR (a), CS—P123/CUR (B),
CS-F127/CUR (c) va CS—F68/CUR (d).
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Két qua TEM duoc trinh bay trong Hinh 3.5 cho céc hat nanogel
CS—Pluronic/CUR c6 dang hinh cdu. Puong kinh dong hoc va thé zeta cua
CS—Pluronic/CUR cho thiy cac hat namogel c6 kich thuéc nho hon 200 nm
véi dién thé duong phu hop tng dung trong dan truyén thude diéu tri ung thu
(Bang 3.2).

Bang 3. 2. Két qua DLS va thé zeta cia cac hat nanogel
CS—Pluronic/CUR

Tén mau DLS (hm) Thé zeta (mV)
CS-L61/CUR 157 +£5.6 99.6 +5.4
CS—P123CUR 776+55 57.7+3.7
CS—-F127/CUR 86.7 3.9 49.2+49
CS—-F68/CUR 147 £ 4.2 60.5+5.1

3.1.3. Két qua khao sat kha ning giai phong CUR ciaia cac nanogel
CS—Pluronic/CUR

Két qua khao sat kha ning giai phong CUR cua cac nanogel CS—Pluronic
dugc thé hién trén Hinh 3.6. Nhin chung, céc hat nanogel CS-Pluronic/CUR
gitr CUR ¢ pH 7.4 va giai phong manh m& ¢ pH 5. Céc hat nanogel CS—P123
c6 kha nang giai phdng CUR cham nhit so véi céc nanogel con lai.

a) 100 100
( L ——CS-L6l (b)
e | ——Cs-P123 -
< 80 _csrim pH 7.4 s 0
= —— CS-F68 o0
S 60f E 60
= =
:a | 40
> &0 ——C8-L6l
= & pH5 ——CsPI3
O 8 < ——CSFl127
—— CS-F68
0 1 1 1 1
0 12 24 36 43 0 12 24 36 48
Thoi gian (gio) Thoi gian (gio)

Hinh 3. 6. Biéu dd md ta qua trinh giai phong CUR cuaa cac nanogel
CS—Pluronic ¢ pH 7.4 (a) va pH 5 (b).
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3.1.4. Panh gia s 6n dinh cia nanogel CS—Pluronic/CUR trong qua
trinh bao quan sau khi dong kho

Ty I& luu gitr CUR (DR%) trong cac nanogel la thdng s quan trong dé danh
gié kha nang giir thudc trong 16i micelle cua nanogel trong suét qué trinh bao
quan. Ty 1& luu trit DR% duoc tinh toan voi két qua 88.35 + 3.95
(CS-L61/CUR), 9791+ 199 (CS-P123/CUR), 96.86 =+ 4.23
(CS-F127/CUR) va 87.92 + 8.92 (CS—F68/CUR) sau 6 thang cho thiy
CS—P123 c6 kha nang luu trit thudc Ky nuée cao nhat.

3.1.5. Thi nghiém tinh twong thich sinh hoc ciia nanogel CS—Pluronic
va déc tinh té bao ung thw vii clia nanogel CS—Pluronic/CUR

Kha ning sdng s6t cua cac t& bao nguyén bao soi dugc 1 vai cac nanogel
CS—Pluronic 1a 74.78 +4.87% (CS—L61), 84.29 + 0.83% (CS—P123), 86.20
+0.96% (CS—F127) va 91.87 % 1.44% (CS-F68) & ndng do 100 pug/mL sau
48 gio tiép xtc (Hinh 3.7). Két qua cho thay di véi cac Pluronic cé gia tri
HLB tang dan nhu L61 (HLB=3), P123 (HLB=8), F127 (HLB=22) v F68
(HLB=29) thi tinh tuong thich sinh hoc cta cac nanogel CS—Pluronic cao.

100 b 91.87
84.29 86.20 =z

74.78
80 F ]

60

40

Té bao séng sot (%)

CS-Lel  CS-P123 CS-F127  CS-F68
Hinh 3. 7. Ty 1é sdng s6t cua té bao fibroblast sau 48 gio u véi céc loai
nanogel CS—Pluronic.
Két qua doc tinh té bao MCF-7 duoc trinh bay ¢ Hinh 3.8 vai gia tri 1Csp dat
duge 14 16.15 + 0.62 uM (CUR), 4.72 + 0.46 uM (CS—-L61/CUR) , 13.09 +
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0.38 uM (CS-P123/CUR), 11.48 £ 0.63 uM (CS-F127/CUR) va 11.20 + 0.40
UM (CS-F68/CUR). Nhu vay chit mang nanogel di ting cudng doc tinh cua
nanogel so vai CUR tu do.

100 20
(a) ®) |65
80 | 16F
~ H 13.09
®°
< sl ’E‘ 1148 11.20
g ° = 12t 1
= 2
o 40f @
-3 —=—CUR O 8
= —e—CS-L61/CUR 4.72
= 201 —a— CS-P123/CUR Al
—+—CS-FI27/CUR
ol —+— (S-F68/CUR
. . 0
0 7 14 21 28 b o
A n Ao Q\":" ACHINS Ly
Nong do (uM) (SR o

Hinh 3. 8. Két qua gay doc té bao (a) va gia tri ICso (b) tinh theo CUR.

3.2. Tong hop hé din truyén thude hwéng dich véi cac phdi tir folate
(FA) va biotin (BIO)

3.2.1. Pic diém cau tric cha FA-CS-P123, CS-P123-FA va CS-P123-BIO

Pic diém cau tric cua cac hé nanogel FA-CS-P123, CS-P123-FA va
CS—P123-BIO dugc xac dinh bang phd *H-NMR va FT-IR. Thong qua viéc
phan tich phd di khing dinh céc phdi tir FA va BIO d lién hiép vai phan tir
CS-P123.

3.2.2. Xac dinh gia tri CMC, kha ning nang héa PTX va dic diém cia
nanogel.

Két qua do CMC cua CS-P123, FA-CS-P123, CS-P123-FA va
CS—P123-BIO dugc xé4c dinh tir biéu d6 Hinh 3.9. Gia tri CMC do duoc la
35.8 + 2.84 pg/mL (CS—P123) 32.75 + 1.47 pg/mL (FA—CS—P123), 40.32
+3.70 pg/mL (CS—P123—FA) va 40.08 + 3.17 pg/mL (CS—P123-BIO) & 25
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°C. Két qua cho thay gia tri CMC cua cac nanogel thap hon P123 tinh khiét
(89.64 + 16.37 ug/mL). Két qua CMC dwa ra mét ddu hiéu vé sy 6n dinh
nhiét ddng hoc cua cac micelle.

Két qua nang héa PTX cua cac nanogel duoc thé hién trén Hinh 3.10 cho
thay, & ndng do 2% PTX, cac cong thirc nanogel dat dugc kha ning nang hoa
PTX tbi da v6i giatriEE% 12 93.00+7.32% (CS—P123/PTX), 95.57+5.51%
(FA-CS-P123/PTX ), 92.51 + 6.68% (CS—P123—FA/PTX) va 87.17 +
7.96% (CS-P123—BIO/PTX). Su khac biét khong c¢6 y nghia dugc quan sat
gitra 1% PTX va 2% PTX (p > 0.05) va su khac biét c6 y nghia dugc quan
st thay & 2% PTX va 3% PTX (p < 0.05) d6i voi EE%, chiing to su lya chon
nong do6 tai PTX ¢ muc 2% s& 1am giam sy mat mat cia PTX. Ngoai ra, su
khéc biét dang ké da dwoc quan sat thay gitta 1% PTX va 2% PTX (p < 0.05),
va su khac biét khong co y nghia duoc quan sét thdy ¢ 2% PTX va 3% PTX
(p > 0.05) ddi v&i DL%, chirng té cac nanogel c6 hiéu suat tai t6i da khoang
2% PTX.

@) 4.0 ® 5,
35| Cs-P123 25°C FA-CS-P123 25°C
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Hinh 3. 9. Biéu d6 xac dinh gia tri CMC cua CS—P123 (a), FA—-CS—P123
(b), CS—P123-FA (c) va CS—P123-BIO (d).
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Hinh 3. 10. Biéu db biéu didn phan trim PTX (DL) (a) va hiéu suit PTX
(EE) (b) dwoc mang trong cac loai nanogel.

(b)

CS_P123_PTX [TEM] FA_CS_P123_PTX [TEM]

(d)

CS_P123 BIO_PTX [TEM]

CS_P123_FA_PTX

Hinh 3. 11. Hinh TEM cua CS-P123/PTX (a), FA-CS-P123/PTX (b),
CS-P123-FA/PTX (c) va CS—P123-BIO/PTX (d).
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Hinh 3. 12. Két qua DLS ctia CS-P123/PTX (a), FA-CS-P123/PTX (b),
CS-P123-FA/PTX (c) va CS-P123-BIO/PTX (d).
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Hinh 3. 13. Két qua thé zeta cia CS—P123/PTX (a), FA—CS—P123/PTX (b),
CS-P123-FA/PTX (c) va CS—P123-BIO/PTX (d).
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Két qua TEM, DLS va thé zeta cua cac nanogel mang PTX duoc thé hién
trén Hinh 3.11, Hinh 3.12 va Hinh 3.13. Tur két qua TEM va DLS cho thiy,
cac nanogel c6 hinh cau véi dudng kinh dong hoc 1a 49.6 + 1.1 nm
(CS—-P123/PTX), 52.90 + 2.16 nm (FA—CS—P123/PTX ), 61.13 = 2.43 nm
(CS—P123-FA/PTX) va 63.4 + 0.6 nm (CS—P123—-BIO/PTX). Gia tri dién
thé zeta duoc ghi lai & 36.2 + 1.6 mV (CS-P123/PTX), 35.5 + 1.3 mV
(FA-CS-P123/PTX), 34.6 £ 1.0 mV (CS—P123-FA/PTX)va48.2+ 1.0 mV
(CS-P123-BIO/PTX).

3.2.3. Két qua khao sat kha niing giai phong PTX ciia cac nanogel mang
PTX

Kha nang giai phong PTX cua cac nanogel FA-CS-P123/PTX va
CS-P123-FA/PTX dugc danh gia trong hai méi truong sinh 1y co thé (pH
7.4) va tai khdi u (pH 5) duoc thé hién trén Hinh 3.14. Két qua cho thiy, &
pH 7.4, phan tram giai phong tich lity ciia PTX tir nanogel lan luot 12 19.02%
(CS—P123/PTX), 12.96% (FA-CS-P123/PTX) , 15.04%
(CS—P123-FA/PTX) va 21.78% (CS—P123-BIO/PTX) sau 48 gi&. Ngwoc
lai, céc s6 liéu giai phong PTX tir cac nanogel ¢ pH 5.0 sau 48 gid cao hon
dang ké, 1an luot 12 38.21% (CS—P123/PTX), 43.56% (FA—CS—P123/PTX),
49.56% (CS—P123-FA/PTX) va 49.86% (CS—P123—BIO/PTX).
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Hinh 3. 14. Biéu ¢6 m6 ta qua trinh giai phong PTX cua cac nanogel ¢ pH
7.4 (a) va pH 5.0 (b).
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3.3.4. Panh gia sw 6n dinh trong qué trinh bao quan caa nanogel mang
PTX sau khi dong kho

Tinh 6n dinh cua cac nanogel mang PTX di dwoc nghién ctu ¢ nhiét do
phong trong vong 6 thang dugc phan &nh bang viéc giam nhe EE%, DL%,
va su gia tang nho trong kich thudc cac micelle (DLS), thé zeta. Ngoai ra, ty
1€ Tuu gitt PTX (DR%) trong c&c nanogel trén 95%.

3.3.5. Thir nghiém tinh twong thich sinh hoc ciia nanogel va dgc tinh té
bao ung thw vii cia nanogel mang PTX

Két qua thir nghiém tinh twong thich sinh hoc trén té bao fibroblast dugc thé
hién trén Hinh 3.15, kha ning song s6t cua cac té bao nguyén bao soi duoc
U V6i cac nanogel la 84.29 + 0.83% (CS—P123), 90.67 = 0.55%
(FA-CS-P123) 89.86 + 0.42% (CS—P123-FA) va 8990 + 1.26%
(CS—P123-BIO) ¢ ndng d6 100 pg/mL sau 48 gid tiép xdc. Két qua cho thay
cac hat nanogel mang phdi tir hudng dich c6 kha nang wc ché sy phét trién té
bao fibroblast thap hon so véi cac hat nanogel khdng mang phéi tu
(CS—P123).

100

9.9
84.29 90.67 8i§5 8

Té bao sf'mg sot (%)

Hinh 3. 15. Ty I¢ sbng sot cua té bao nguyén bao soi sau khi u véi nanogel
& nong do 100 pg/mL sau 48 gio.

Két qua doc tinh té bao MCF-7 duoc trinh bay & Hinh 3.16 véi gid tri ICso
dat duoc 12 8.19 +.1,17 nM (PTX tu do), 18.08 + 0.55 nM (CS—P123/PTX),
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8.31 £ 1.99 nM (FA-CS-P123/PTX), 3.27 £ 0.35 nM (CS—P123-FA/PTX)
va 4.80 + 0.46 nM (CS—P123-BIO/PTX). Két qua chi ra riang cac hat
nanogel mang phéi tir hudng dich FA hodc BIO ¢6 kha ning tiéu diét té bao
MCF—-7 manh hon so véi nanogel khéng mang phdi tir (CS—P123) va PTX
tw do. Tuy nhién, kha ning tidu diét té bao MCF-7 cia FA-CS-P123/PTX
thép hon so véi CS—P123—FA/PTX la do ham lugng FA trong FA-CS—P123
it hon so véi CS—P123—FA.
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Hinh 3. 16. Két qua gay doc té bao (a) va gia tri ICso (b) ciia PTX ty do va
cac nanogel mang PTX.

KET LUAN VA KIEN NGHI
KET LUAN

Vi muc tiéu va noi dung nghién ctru cia luan an “Nghién ctru tong hop cac
nanogel mang thudc da chirc nang trén co s& dan xuét chitosan-Pluronic dinh
huéng tng dung diéu tri ung thu”. Mot s6 két qua noi bat cua luan an da dat
duoc tom tat nhu sau:

1. B3 tong hop thanh cong hé phan phéi thuc nanogel CS—Pluronic vai 4
loai Pluronic khac nhau 1a L61, P123, F127 va F68 thong qua két qua phan
tich phé *H-NMR, FT-IR, TGA, DSC. Két qua danh gia mdi quan hé giira
DL (%), CMC va HLB cua cac loai Pluronic twong tng cho thay gia tri DL
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(%) caa CS—P123 > CS-F127 > CS-L61 > CS-F68, gia tri CMC cua
CS—P123 < CS-F127 < CS-L61 < CS—F68 va P123 <F127 <L61 < F68,
giatri HLB ctia L61 <P123 <F127 <F68. Nhu vay kha nang nang hoa CUR
cua nanogel CS—Pluronic phu thugc vao gia tri CMC ctia CS—Pluornic cling
nhu Pluronic ma khéng phu thudc vao gia tri HLB cua Pluronic tién chat.
Trong s6 cac loai nanogel CS—Pluronic, CS—P123 c¢6 kha ning nang hoa
CUR cao nhit twong (g véi gia tri CMC thap nhat, dong thoi ¢ kha ning
lru gitt CUR cao nhat sau thoi gian 6 thang bao quan & nhiét do phong. Két
qua phan tich TEM, DLS cho thay cac hat nanogel CS—Pluronic mang CUR
c6 kich thuéc phii hgp cho viéc phan phdi thude. Két qua khao sat kha niang
giai phong CUR cho thay cac nanogel CS—Pluornic giit thuéc ¢ méi truong
pH 7.4 (phi hop v&i méi trudng sinh 1y co thé ) va giai phong manh & moi
truong pH 5 (pht hop véi méi truong khdi u ung thu). Nghién ctru doc tinh
té bao in vitro cho thdy nanogel an toan va it doc tinh va phu hop dé phan
phdi CUR hd trg diéu tri ung thu vi. Hiéu qua nang héa hop chat ky nuéc
cao va 6n dinh, CS—P123 1a lya chon hiéu qua cho viéc nghién ctu hé phan
phdi thude.

2. Pa tong hop thanh cong hé phan phéi thubc CS—P123 véi tac nhan hudng
dich 1a FA va BIO. Cac nanogel di duoc xac dinh cau tric hda hoc, gia tri
CMC, kha ning nang héa PTX, dic diém hinh thai, kich thudc, dién tich
thong qua cac két qua phan tich 'H-NMR, FT-IR, TGA, DSC, TEM, DLS.
Két qua cho thay, kha ning nang hoa PTX cuia cac nanogel khong khac nhau
dang ké, dat muc toi wu 12 2% PTX, cac hat nanogel mang PTX c6 kich thudc
phu hop cho viéc phan phéi thude. Két qua thir nghiém in vitro cho thay kha
nang giai phong PTX cta nanogel manh trong méi truong acid, trong khi do
giir thudc trong méi trudng sinh 1y co thé. V&i phuong an thiét ké lién hop
phdi tir huéng dich FA 1én mach Pluronic P123 cia hé CS—P123—FA so voi
phuong an thiét ké lién hop phéi tdr FA lén mach chitosan cua hé
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FA—CS-P123 la m0t phuwong phap méi chua dugc nghién curu trude day.
V6i phuong an thiét ké nay, ham luong FA trong hé CS—P123—FA (0.71%)
I6n hon trong h¢ FA—CS—P123 (0.31%) va do d6 h¢ CS—P123—FA mang lai
hiéu qua twong tac hudng dich té bao ung thu va (MCF—7) hon so véi hé
FA—CS—-P123, diéu nay thé hién qua hinh anh huynh quang ciing nhu kha
nang tiéu diét té bao MCF—7 ctia CS—P123—FA/PTX (ICso= 3.27 nM) manh
hon so v6i FA—CS—P123/PTX (ICs5=8.31 nM). Trén co s& d6, phdi tir huéng
dich BIO duoc lya chon phuong an thiét ké lién hop vai mach Pluronic P123
trong hé CS—P123-BIO d& danh gia hidu qua huéng dich cia BIO so véi
FA. Viéc thir nghiém kha nang tiéu diét t& bao MCF—7 cua PTX thong qua
nanogel CS—P123-BIO/PTX (ICso= 4.8 M) c6 thé khang dinh BIO la mot
phdi tir c6 thé thay thé FA trong viéc thiét ké hé phan phéi thudc hudng dich.

KIEN NGHI

1. Tiép tuc danh gia kha ning sir dung hé nanogel CS—Pluronic mang CUR
cho viéc diéu tri viém loét da day theo dudng udng.

2. Tiép tuc lya chon cac tac nhan hudéng dich khac nhau nhu: peptit, cac
khéng thé (antibody) nham lya chon tac nhan huéng dich tot nhét co thé.

3. Sir dung phuong phép phan tich té bao theo dong chay (flow cytometry)
dé xac dinh té bao apoptotic.

4. Tiép tuc nghién ctu in vivo dé danh gia mot cach toan dién tac dung cua
tac nhan hudng dich FA va BIO.

5. Tiép tuc nghién ciru kha ning mang da thudc chdng ung thu cua hé chat
mang CS—-P123 huéng dich trén co so paclitaxel két hop voi
cyclophosphamide, mitoxantrone, edatrexate, 5-fluorouracil va doxorubicin.
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