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LOI CAM POAN

T6i xin cam doan dé tai nghién cizu trong lugn an nay I1a cong trinh nghién
ciu cua toi dua trén nhiing tai lidu, sé liéu do chinh tdi t tim hiéu va nghién ciu.
Chinh vi vdy, cac két qud nghién cizu dam bdo trung thuc va khach quan nhdt.
Pong thoi, két qua nay chiea timg xudt hién trong bdt ciz mgt nghién cizu ndo. Cac
so ligu, két qua néu trong ludn an 1a trung thuc, néu sai t6i hoan toan chju trach
nhiém truoc phat lugt.

Nghién cwu sinh

Nguyén Vin Toan



LOI CAM ON
T6i Xin tran trong cam on thay c¢d da dinh huéng khoa hoc, gitip d& tan tinh
trong sudt qua trinh thuc hién luan an. Xin giri dén Thay va C6 nhiing loi biét on
chan thanh nhat.

T6i xin cam on su hd tro ciia cac anh chi va cac em trong Vién Khoa hoc Vat
licu Ung dung — Vién Han LaAm Khoa hoc va Cong nghé Viét Nam.

T6i xin cam on su giup d& va tao diéu kién thuan loi cua Hoc vién Khoa hoc
Cong nghé, Vién Han 1am Khoa hoc va Céng nghé Viét Nam trong sudt thoi gian
t6i thuc hién luan an.

Sau cuing, ti xin gai loi cam on dén gia dinh, ban bé, dong nghiép da dong
vién, giap d& cho téi hoan thanh luan an nay.

Nghién cwu sinh

Nguyén Vin Toan
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DANH MUC CAC KY HIEU VA CHU VIET TAT

T viét tat Y nghia

CS Chitosan

L61 Pluronic L61

Plu Pluronic

P123 Pluronic P123

F127 Pluronic F127

F68 Pluronic F68

NPC p-nitrophenyl chloroformate

EDC 1-ethyl-3-3-dimethylamineopropyl carbodiimide

NHS N-hydroxysuccinimide

DCC Dicyclohexyl carbodiimide

Ami 3-amine-1-propanol

EDA Ethylenediamine

CUR Curcumin

BOC-0 Di-tert-butyl dicarbonate

PTX Paclitaxel

FA Folic acid

BIO Biotin

DLS Dynamic Light Scattering

TEM Transmission Electron Microscopy

'H-NMR Nuclear Magnetic Resonance Spectroscopy

FT-IR Fourier Transform Infrared spectroscopy

TGA Thermogravimetric Analyzer: Phan tich nhiét trong luong
DSC Differential Scanning Calorimeter

CMC Critical Micelle Concentrationr: Nong do micelle toi han
CMT Critical micellar temperature: Nhiét @ micelle t&i han
HLB Hydrophilic-lipophilic balance: Can biang ua nudc - ua béo
SRB Sulforhodamine B colorimetric assay
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MO PAU
Ly do chon dé tai

Theo hé thdng phan loai sinh duoc hoc cia Co quan Quan ly Thudc va Thuc
pham Hoa Ky (FDA), trén 75% cac hoat chat nghién ctu thudc hién nay c6 tinh tan
kém trong cac mdi trudng dich sinh 1y, han ché kha nang hap thu va dua thudc vao
tuan hoan mau. Ddi voi dugc chit kém tan, dugc chat duoc dua vao bén trong gia
mang nano 16i than dau giup ting dang ké kha nang hoa tan duoc chat. B& mat tiéu
phan nano than nuéc nén dé dang phan tan trong moi trudng nudc va cai thién vuot
troi tinh tan duoc chat. Trong s cac hé thong phan phdi thudc thi hé théng phan
phdi thudc trén co so vat liéu nanogel dugc xem 1a ndi bat do ¢ thé ting cuong
hiéu qua nang hoa thudc thong qua cac tuong tac tinh dién va ky nudc cling nhu dap
g viéc phan phéi thudc chong ung thu nham muc tiéu. Di vai vat liéu phan phéi
thuéc nanogel, su két hop giira cac vat liéu polymer tu nhién va polymer téng hop
dang duoc quan tdm nhiéu vi tan dung dugc cac tinh ning noi bat cua ting loai
polymer. B6i véi polymer c6 ngudn géc tu nhién, chitosan thuong duoc ding dé tao
ra c4c loai vat liéu y sinh mang thudc vi 6 nhdm chirc mang dién tich duong —NH
dé bién tinh hoa hoc hoac tao lién két ngang voi phan tar mang dién tich am, khong
doc hai va tuong thich sinh hoc tét. Boi voi polymer tong hop, polymer ludng tinh
trén co s& poly(ethylene glycol) va poly(propylene glycol) da duoc sur dung trong y
dugc nhu Pluronic F68 va Pluronic F127. Cac nanogel mang thudc trén co so
chitosan ghép Pluronic cho dén nay chi dugc nghién cau voi Pluronic F127, trong
khi d6 c6 rat nhiéu loai Pluronic ¢6 tiém niang chua dwoc nghién ctu. Cac nanogel
mang thudc trén co s& chitosan va Pluronic lién hop véi cac phéi tir hudng dich nhu
folic acid, biotin cho dén nay chi dugc nghién ciru d6i véi chitosan hozc Pluronic
riéng ¢, cac nanogel chitosan ghép Pluronic lién hop véi cac phéi tir nay van chua
duogc nghién ctu.

Chinh vi nhiing 1y do trén chiing t6i d4 tién hanh thyc hién dé tai: “Nghién
ciu tong hop cac nanogel mang thudc da chirc ndng trén co sé chitosan—Pluronic
dinh hwong vng dung diéu tri ung thi’” dé tim ra hé chat mang nanogel c6 hiéu qua
nang hoa cac hop chat sinh hoc ky nudc tét nhat két hop véi tac nhan hudng dich
(phdi tr) nham giai phéng thudce ding vi tri khéi u can diéu tri do tuong tac dac hiéu
cua phdi tir voi thy thé caa té bao ung thu, s& giam dang ké tc dung gy doc cua
thudc 18n té bao lanh. Bén canh d6 hé chat mang nanogel c6 thé kéo dai thoi gian
phong thich thu6c gép phan ting sinh kha dung cua thudc va hiéu qua cua mé hinh
diéu tri.



Muc tiéu nghién ctu

Diéu ché va danh gia cac dic tinh caa nanogel trén co sé chitosan ghép Voi
c4c loai Pluronic véi céc gia tri HLB khéc nhau tir Ky nudc dén wa nudc nham muc
dich tim ra loai Pluronic nao tao ra nanogel mang lai hiéu qua nang hdéa curcumin
cao nhat. Tur do, thiét ké cac hé théng phan phdi thuéc nanogel trén co so
chitosan—Pluronic twong tng voi loai Pluronic tot nhat lién hop véi céc phéi ti
nham muyc tiéu 1 acid folic, biotin mang thuéc paclitaxel ung dung trong diéu tri

ung thu vu.
Noi dung nghién ciu

1. Téng hop hé phan phdi thudc chitosan ghép Pluronic véi 4 loai Pluronic
L61, P123, F127 va F68. Panh gia cau tric hoa hoc, dic tinh hoa ly, kha nang tai va
giai phong curcumin, kha ning twong thich sinh hoc, kha ning tc ché té bao ung
thu va MCF-7 cua hé chitosan—Pluronic mang curcumin.

2. Tong hop hé phan phéi thube chitosan—Pluronic lién hop véi tac nhan
huéng dich acid folic va biotin. Panh gia cu tric hda hoc, dic tinh hoa ly, kha
ning tai va giai phong paclitaxel, kha niang twong thich sinh hoc, kha nang wc ché té
bao ung thu viit MCF—7 cua h¢ chitosan—Pluronic hudng dich mang paclitaxel.

Nhirng dong gop mei caa luan an

Pé tai co gid tri trong viéc nghién ciu hé phan phéi thude nanogel trén co s
chitosan ghép Pluronic. Trong sb cac loai Pluornic L61, P123, F127 va F68 vai cac
gia tri HLB twong ung 3, 8, 24 va 29 thi kha nang nang hdéa curcumin cua Cac
nanogel chitosan — Pluronic khdng phu thudc vao gia tri HLB caa Pluronic ma phu
thudc vao gié tri CMC cua Pluronic cling nhu chitosan — Pluronic. Chitosan da tang
cuong hiéu qua nang hoa curcumin cua cac hé micelle CS—Pluronic so vai hé
micelle Pluronic tién chat. Cac nanogel c6 tinh twong thich sinh hoc tbt véi té bao
lanh. Céc nangel mang curcumin c¢6 kha nang tc ché té bao ung thu via MCF-7.

Céc hat nanogel chitosan—Pluronic P123 (CS—P123) lién hop voi phdi tir
nhim muc tiéu ta dong nhu folic acid, biotin lan dau tién duoc téng hop di ting
cuong kha niang tiéu diét té bao ung thu vii MCF-7 cua paclitaxel so véi paclitaxel
tu do va duoc nang hda trong nanogel khdng c6 phéi tir. Cac phéi tu folic acid lién
hop 18n mach Pluronic c6 kha ning hap thu té tao ung thu vt MCF-7 hiéu qua hon
so véi lién hop 1én mach chitosan. Cac phdi tu folic acid ting cuong kha ning tiéu
diét t& bao ung thu vi MCF-7 manh hon so véi biotin trén cung mot md hinh thi
nghiém in vitro.



CHUONG 1. TONG QUAN
1.1. Téng quan vé bénh ung thw va nhirng tién b trong hoa tri ligu
1.1.1. Ung thw va nhiing thach thazc trong hoa tri li¢u

Ung thu 12 mét van dé sirc khoe cong ddng 16n trén toan thé gisi. Theo théng
ké cia GLOBOCAN Vé s6 ca mic ung thu va sb ca tr vong do ung thu trén toan thé
gidi thi c6 khoang 19.3 triéu truong hop ung thu méi va gan 10 triéu trudng hop tir
vong do ung thu xay ra vao nim 2020. Ung thu va & nit d3 vuot qua ung thu phoi la
loai ung thu duoc chan doan phé bién nhat, voi uéce tinh c6 khoang 2.3 triéu ca mac
méi (11.7%), tiép theo 1a ung thu phoi (11.4%), dai truc trang (10.0%), tuyén tién
liét (7.3%) va da day (5.6%). Ung thu phdi van 1a nguyén nhan gay tir vong do ung
thu hang dau, véi udce tinh 1.8 triéu ca tir vong (18%), tiép theo 13 ung thu dai tryc
trang (9.4%), gan (8.3%), da day (7.7%) va ung thu vi & nit (6.9%). S6 ca mic ung
thu toan cau dy kién 12 28.4 triéu ca vao nim 2040, ting 47% so véi nam 2020 [1] .
Tai Viét Nam, wéc tinh ¢d 182563 ca mac moi va 122690 ca tir vong do ung thur
vao nim 2020. Cr 100000 nguoi thi c6 159 ngudi chan doan mac méi ung thu va
106 nguoi tir vong do ung thu. Ung thu gan dan dau voi s6 ngudi mac bénh chiém
14.5%, tiép theo 1a ung thu phdi 14.4%, ung thu va & nit (11.8%), ung thu da day
(9.8%) va ung thu dai truc trang (9%) [2].

Hau hét bénh nhan ung thu dwoc phau thuat va ciling dugc diéu tri bd sung
sau phau thuat, chang han nhu hoa tri, liéu phap hormone hoic xa tri. Hoa tri ciing
c6 thé dugc chi dinh trugc khi phau thuat trong mot sb tinh huéng. Nganh cong
nghiép dugc pham ngay cang tap trung nd luc vao viéc nghién ctu, phat trién va
tiép thi cac san pham thubc diéu tri ung thu méi dé dap ang nhu cau y té chua duoc
dap ung, dan dén viéc FDA Hoa Ky phé duyét 90 loai thudc diéu tri ung thu méi ké
tir nam 2012 [3]. Céc thanh phan duoc hoat tinh duoc sir dung dé diéu tri ung thu
rat da dang vé cau tric hoa hoc va dugc Iy, bao gém céac phan tir nho, khang thé don
dong va peptide [4]. Hau hét cac phuong phap diéu tri ung thu va thuong duoc ap
dung hién nay 1a phac d6 phéi hop. Tuy nhién, dé thanh cong, cac dugc chat tri liéu
nay ludn yéu cau viéc lya chon cac dudng ding tét nhat cho don tri liéu (ubng hoac
tiém), t6i uu hoa cong thirc va hé théng phan phéi thude dé cho phép tiép can téi uu
Vi cac té bao ung thu duoc nhim muc tiéu.

Céc duong dung khac nhau thuong dugc sir dung trong céc liéu phap diéu tri
ung thu, dac biét la duong uéng va duong tiém tinh mach, trong khi duong tiém
dudi da cho dén nay rat han ché. Hau hét, phuong thirc diéu tri duoc str dung quyét
dinh viéc lya chon duong ding. Do d6, phan phdi qua dudng miéng Ia tiéu chuan



vang cho cé4c phan tir nho, trong khi tiém tinh mach van 1a duong ua thich ddi voi
c4c phan tir thach thirc hon nhu sinh hoc, hoac hé théng phan phéi thubc & kich
thugc nano. Tiém dudi da 13 phuong phap tao ra nhiéu nghién cau tién 1am sang
nhung Van it dugc thé hién trong qua trinh phét trién va phé duyét thudc ung thu
giai doan cudi. Do d6, cac giai phap cai tién trong cong thuc va hé théng phan phdi
thudc s& duoc yéu cau dé cung cap tinh linh hoat hon va nhiéu lya chon hon trong
duong dung thudc, cho phép phan phéi thube tdi vu dén cac té bao hoic mo ung thu
[5,6]. Tiém tinh mach cho phép thudc tiép can tryc tiép vao bat ky hé mach mau co
quan ndo trong co thé va dam bao sinh kha dung cao hon so véi duong udng. Tuy
nhién, con dudng phan phdi thue diéu tri ung thu bang tiém tinh mach nay van
phai di mat vai cac thach thic trong diéu tri nhu thoi gian truyén thuong kéo dai
do dugc dong hoc kém, chuyén hda manh, dao thai nhanh hoic thoi gian cu tra
ngan tai vi tri khdi u [7-9].

Céc tac nhan hoa tri liéu thong thudng khong dac hiéu va phan bé ¢ ca mo
binh thudng, dan dén cac tac dung phu nghiém trong va gay doc tinh ngoai muc tiéu
diéu tri mong muén, do d6 doi hoi cac liéu phap nham muc tiéu dé ting hiéu qua
diéu tri. Mot s6 liéu phap diéu tri ung thu khac, chang han nhu liéu phap mién dich
hoac lidu phap nham muc tiéu, ciing c6 thé ¢ biéu hién muyc tiéu rong hon, khong
chi gigi han ¢ cac vi tri khéi u ma con hién dién ¢ nhiéu co quan binh thuong, dan
dén tac dung phu khéng mong muén [10].

Mot s6 thanh phan dugc liéu cho thiy kha ning hoa tan kém véi sinh kha
dung han ché. Chung ciing c6 thé ¢ tinh 6n dinh kém trong duodng tiéu hoa va kha
nang tham thau kém qua biéu mé rudt khién ching khéng thich hop dé ding theo
duong udng. Vi du cac khang thé don dong ocrelizumab (Ocrevus®) hoic
atezolizumab (Tecentrig®) duoc sir dung nhu tac nhan diéu tri mién dich va dugc
tiém vao tinh mach dé kich thich hé théng mién dich ung thu. Céc thanh phan duoc
liéu co cac dac tinh hoa ly hoac duge dong hoc khdng thuan lgi cho viéc sir dung
con duong udng hoic tiém tinh mach. Chiang han, cac phan tar nhoé nhu paclitaxel
(Taxol®) hoac doxorubicin (Adriamycin®) thuong kém tan trong moi truong sinh
hoc, do d6 yéu cau can sira doi hoa hoc hoac pha tron véi cac ta duge khac dé dé
dang sir dung chiing cho duong tiém. Cac phan tir hoat tinh nay cling c¢6 cac tac
dung phu trong cac mé binh thudng, diéu ndy s& han ché hiéu qua diéu tri cua ching
[11].

Xem xét tat ca nhitng tré ngai ndy, cac chién lugc phat trién hé théng phan
phdi thubc dé dam bao phan phéi ding loai thude, ding vi tri khéi u can diéu tri,



thoi gian luu gilr thudc phi hop, déng thoi giam thiéu tac dung phu ddi voi cac té
bao khoe manh dang dwgc nghién ctu va tng dung trong diéu tri ung thu. Mic du
cac cong nghé diéu ché va cai tién cac hé thong phan phdi thudc cé tinh twong thich
sinh hoc da dat dugc nhiing thanh cong trong tng dung diéu tri ung thu nhung cac
chién lugc cai tién dua trén viéc sir dung cdng nghé nano trong phan phéi thuéc cé
thé giai quyét dugc phan nao cho céc thach thic néu trén.

1.1.2. Cac h¢ théng phan phéi thudc trén co sé vt liéu nano

Su phét trién caa céng nghé nano tao ra rat nhiéu budc tién vuot bac trong tat
ca cac linh vuc khoa hoc céng nghé. Cong nghé nano da tao ra hang loat vat liéu
mai, kich thude tor vai nm téi 100 nm duoc st dung trong nghién ciu cac dang
thudc mai ¢d kha nang van chuyén duoc chat dén cac bo phan mong mudn trong co
thé véi liéu lugng thich hop va theo ding thoi gian mong mudn [12, 13].

Liposome dugc Alec Bangham phat hién vao nam 1960 dugc xem la mot
trong nhitng hé thdng phan phdi thubc duoc nghién ciu va (ng dung nhiéu nhat
trong nganh dugc pham va my pham. Ching c6 cdu trac nhu mét chiéc tdi dang
hinh cau duoc cau tao tir phospholipid va steroid [14]. Liposome lam cho cac hop
chat trj liéu tré nén 6n dinh, c6 thé duoc sir dung vai cac loai thude wa nuéc va ky
nude, ddng thoi ciing c6 kha nang twong thich sinh hoc va phan huy sinh hoc. Ngoai
ra, liposome ciing dugc lién két véi cac phan ti polyetylen glycol (PEG) trén bé mat
dé dat dugc thoi gian luu théng trong mau cao, hoac lién hop véi phéi tir nham muc
tiéu théng chudi PEG da gan trude dé dé ting cudng phan phdi thude ding muc tiéu
vi tri khdi u. Vi du nhu Doxil, mot loai liposome PEG hoa dugc nap doxorubicin
(DOX) 1a cac hat nano liposome dau tién dugc FDA chip thuan vao nim 1995 dé
diéu tri bénh Sarcoma Kaposi lién quan dén AIDS. Cong thuc nay 1am giam dang
ké cac tac dung phu caa doxorubicin [15, 16]. Ké tir d6, cac cong thuc liposome
khac dd duoc FDA chap thuan cho diéu tri ung thu, ching han nhu Myocet va
DaunoXome [17-19].

Dendrimer 1a polymer c6 ciu tric ba chiéu, phan nhanh cao, dugc xac dinh
rd rang. Ching c6 dang hinh cau va bé mit caa chung dugc chire nang hoa d& dang
theo cach dugc kiém soat, diéu nay lam cho ching tré thanh vat liéu phan phdi
thudc dugc quan tdm [20,21,22]. Cac dendrimer dugc phan chia thanh nhiéu loai
tly theo cac gbc chirc ning cua chiing bao gdm PAMAM, PPI, tinh thé 16ng, 16i-vo,
bat dbi khang, peptide, glycodendrimer va PAMAMOS, trong d6 PAMAM duoc
nghién ctu nhiéu nhat dé phan phéi thuéc qua duong udng vi n6 dé& hoa tan duoc
trong nudc va cd thé di qua md biéu md [23]. Céac dendrimer bi han ché trong céc



ung dung 1dm sang do ¢6 su hién dién cua cAc nhom amine. Cac nhom nay tich dién
duong khién ching tré nén doc hai, do d6 dendrimer thudng duoc bién d6i bé mat
dé giam hoac loai bo van dé doc tinh nay. Viéc tai thudc trong dendrimer dugc thyuc
hién thong qua cac co ché dong goi don gian, twong tac tinh dién hoac lién hop
cong hoa tri. Dendrimer thuc hién giai phong thude theo hai con dudng khac nhau
nhu phan hay céc lién két cong hoa tri gitra dendrimer va thudc trong in vivo véi tac
nhan enzym thich hop hoic méi truong thuan loi dé cat dut cac lién két va giai
phong thudc nhu pH, nhiét d9, ... [24]. Dendrimer ciing da duoc phat trién dé phan
phdi thube qua da, qua dudng miéng, mat, phoi [25]. Jain cing cong su (2014) da
phat trién dendrimer poly-L-lysine lién hop véi tac nhan hudng dich folate dé mang
doxorubicin nhu mot mé hinh mang thuc chéng ung thu nham muc tiéu ¢ kha
ning giai phong thudc phu thude vao pH va duoc ching minh qua néng do
doxorubicin trong khdi u gap 121.5 lan sau 24 gid so véi DOX tu do [26].

Céc hat nano v6 co bao gdm cac hat nano bac, vang, oxit sat va silica phan
I6n ching van dang trong giai doan thir nghiém phan phdi thuéc 1am sang. Béi voi
cac hat nano vo co, thudc cé thé duoc lién hop véi bé mit hat nano thong qua lién
két ion, cong hoa tri hoic hap thy vat ly. Ching c6 thé phan phdi va kiém soét su
giai phong thudc thong qua cac kich thich sinh hoc hoic kich hoat anh sang [27].
Cac hat nano bac phan 16n ung dung khang khuan, va rét it nghién cau ung dung
phan phdi thudc, vi du, Prusty va Swain (2018) di diéu ché hydrogel
polyacrylamide/dextran lién két vai cac hat nano bac qua lién két cong hoa tri dé
phan phéi thudc ornidazole [28]. Di véi cac hat nano oxit sit, Marcu va cac cong
sir (2013) céc hat nano oxit sit dugc tong hop bing phuong phap nhiét phan laze va
duoc bao phu boi Violamycine B1, khang sinh antracyclinic dung dé tc ché va tiéu
diét té bao ung thu vit MCF-7 [29]

Cac chim luong tr (QDs) di duoc nghién ciru rong rdi nhu phan phdi thube
muc tiéu, cam bién va hinh anh sinh hoc. QDs ciing c6 thé mang lai loi ich trong
viéc giai phéng bén virng va c6 kiém soét cac phan tir tri liéu théng qua kich thich
bén ngoai bang &nh sang, nhiét, tin sb vo tuyén hoic tir truong [30]. Cai va cong su
(2016) da diéu ché cham luwong tir nhay pH ZnO phu PEG va hyaluronic acid (HA)
dé ting cuong do 6n dinh trong diéu kién sinh 1y va dé nham muc tiéu céc té bao
CD44 mang thu thé HA. Cac hat nano nay nap DOX bang céch tao phuc vai ion
Zn?* hoac lién hop voi PEG va DOX chi duoc giai phong trong moi trudng noi bao
c6 tinh acid cua khdi u do sy pha v& cac QDs ZnO. Két qua cho thdy hoat dong
chéng khdi u dugc ting cuong nho su két hop gitta DOX va QDs ZnO [31]. Olerile
va cong su (2017) da phat trién mot hé thdng tri liéu dya trén sy két hop cua QDs va



thudc chéng ung thu PTX duoc boc trong chat mang lipid ¢6 ciu trac nano nhu mot
hé théng da chic nang véi hiéu qua bao boc PTX cao (80.7 £2.11%) va ty 18 wc ché
su phét trién cua khoi u 1 77.85% [32].

Polysaccharide va protein dugc goi chung la polymer sinh hoc tu nhién va
duoc chiét xuat tir cac ngudn sinh hoc nhu thuc vat, dong vat, vi sinh vat va nguon
bién [33, 34]. C4c hat nano dua trén protein thudng cd thé phan hay, chuyén hoa va
dé dang chuc ning hoa dé gan vai céc loai thudc hodc cac phdi tir nhim muc tiéu
khac. Cac hat nano dua trén protein dugc thay d6i vé mat hoa hoc dé két hop cac
phdi tir nham muc tiéu xac dinh céc té bao va mo chinh xac nham tiang cudng co
ché nham muc tiéu caa ching [35]. Polysaccharide c6 nhuoc diém chinh 1a d& phan
hiy ¢ nhiét do cao va hau hét hoa tan trong nuéc, diéu ndy han ché ang dung cua
ching trong mot sb linh vuc y hoc nano, chang han nhu k¥ thuat md. Tuy nhién,
viéc tao lién két ngang cua chudi polymer da duoc sir dung dé dam bao tinh 6n dinh
cia chudi polysaccharide trong moi truong nuéc [36, 37]. Thanh céng cua cac
polymer sinh hoc nay trong linh vic phan phéi thudc 1a c6 thé ché tao vat liéu nano
V6i cac dac tinh va cau trdc mong mudn nhu gel mém, ciu tric xdp, do cung va
ching c6 su tuong dong Ién véi cac thanh phan cua ngoai bao, ¢é thé tranh dugc
cac phan tng mién dich [38, 39].

Nanogel, mot loai vat liéu mang phan phdi thudc toan than, 1a hydrogel c6
cau tric c6 cdu trac 3D duoc hinh thanh boi cac lién két vat Iy hoac hoa hoc véi
kich thuéc hat nam trong pham vi dudi tir 20 dén 250 nm [40]. Nanogel duoc diéu
ché tir polymer tu nhién, polymer téng hop hoic su két hop cua ching, gép phan
vao Vviéc bao boc cac phan tir nho, oligonucleotide va tham chi ca protein. Nhirng
dic tinh doc ddo nay trang bi cho nanogel kha ning phan phdi thudc, chan doan va
chup anh [41]. L4 mot loai hydrogel, nanogel giit duoc ban chat ngam nuéc cao va
dic tinh trwong nd co rat trong cac diéu kién méi truong khac nhau [42]. Cau tric
3D cua chung cho phép dong goi cac thude Ky nudc hodc wa nudc trong mang noi
bo cua ching va cé kha ning bao vé cac thudc nay khoi sy xudng cép trong qua
trinh bao quan hoic luu thong (chiang han nhu sy xubng cip do thay phan hoic
enzyme) [43]. Khéng giéng nhu cac hat nano dién hinh, nanogel cé thé diéu chinh
duoc kich thugc, hinh dang hat va d6 nhay cam véi pH, nhiét 6, nong d ion, diéu
kién oxy hda khur va céc kich thich bén ngoai khéac, mang lai cho ching céac dac tinh
giai phong thude duoc kiém soét hiéu qua [44]. Hon nita, nanogel c6 thé duoc diéu
chinh dé tré nén da chirc ning va dugc nham muc tiéu, dong thoi thoi c6 thé ting
thoi gian luu thong cia ching bing cach sira ddi bé mat [45]. Dya trén nhiing wu



diém trén, hé théng phan phéi thuéc nanogel di trd nén phd bién va cé tac dong
dang ké trong nhimg nim gan day.

1.1.3. Phan phéi thuéc huwéng dich

Hé dan thudc nano dang 14 linh vuc dugc tng dung manh mé nhat trong cong
nghé bao ché dwoc pham. Coéng nghé nay gép phan tao ra nhiéu ché pham voi
nhitng dic diém d& hap thu va c6 tinh vu viét hon, mé rong hiéu luc diéu tri. Dic
biét, cac nano phan phdi thudc nay co tac dung tai dich, giup qua trinh diéu tri dién
ra mot cach nhanh chéng. Mang lai hiéu qua hon trong nhiéu loai bénh va giam
duoc cac tac dung phu cua thudc. Cac tiéu phan nano dé dang di qua dugc té bao,
xam nhap vao mau, hé théng noi bao, gan, tay xuong, mang rudt, 16p niém mac...
Diéu nay khic phuc dugc hoan toan nhuoc diém cua cac duoc chit trude d6 co dic
tinh nhu tinh thAm qua biéu md té bao kém, tan kém trong nudc....\VVé mit co ché
hoat dong, phan phdi thudc huéng dich dugc phan chia thanh hai loai chinh: bi
dong va chu dong tly thudc vao dic diém cua vat liéu mang [46]

Huéng dich bi dong dua trén su khéc biét trong cAu trdc cua cic mé, co quan
thuong va cac khéi u ung thu. Khac véi hé mach mau chit khit trong cac mo, co
quan thudng, hé mach méu cua cac khédi u ung thu do bi ton thwong nén c6 rat nhiéu
khe nang véi kich thuéc tir 400 — 800 nm. Do vay, nhitng hé dan thubc cé kich
thudc nho hon hodc trong khoang nay c6 kha nang xam nhap va tap trung cao tai
cac khéi u trong khi giam thiéu kha ning tap trung tai cac mo, co quan thudng. Qua
d6, nang cao hiéu luc tac dong cua thudc tai ving khéi u, dong thoi han ché tac
dong cua thudc trén nhitng mé, co quan thudng hay ndi cach khéc 1a giam thiéu tac
dung phu cua thudc. Ngoai ra, so véi cac phan tir thude co khéi luong nho, céc hat
nano c6 khbi lwong 16n hon 80kDa (kilo Dalton - don vi do khdi lugng phan tu, siéu
nho) ¢ kha ning luu trit 1au hon bén trong cac khdi u so véi nhiing hat c6 khoi
lugng nho hon (Hinh 1.1) [47, 48].

Huéng dich chii dong 1a co ché hudng dich dwa trén su bét cip dac hiéu gitra
c4c thu thé biéu hién dic trung trén cac té bao ung thu va céc tac nhan hudéng dich
duoc gan trén bé mat cua cac hé mang thudc nano. Nhirng hé dan thude nano dugc
trang bi cac tac nhan hudng dich sé c6 kha nang dinh vi mot cach chinh xac vi tri
cua cac té bao ung thu, thic day qué trinh nhap bao bang nhimg con duong nhap
bao théng qua thu thé (Hinh 1.2) [49, 50]. Mot s6 yéu tb gidp phan biét cac té bao
ung thu va té bao thuong co6 thé ké dén nhu cac thy thé trén mang té bao, thanh
phan lipid trén mang té bao hay nhitng khang nguyén hoic protein c6 mat trén bé
mit té bao. Twong (g v4i MAi yéu té s& ¢ nhitng co ché nhap bao khéac nhau. Vi



du khi hé dan thudc duoc gan véi thanh phan lipid c6 trén mang té bao s& lam thay
dbi thanh phan lipid cua mang té bao dan tsi sy thay doi kha nang tham thau, tinh
luu dong cua 16p mang. Trong trueong hop nay, tdc nhan hudng dich phai tao ra
nhitng thay d6i c6 loi cho viéc nhap bao caa cac hé dan thudc. Trong truong hop
yéu t6 hudng dich lién két voi thu thé trén bé mat mang té bao, twong tac giira tac
nhan hudng dich va thyu thé s& lam thac day qué trinh nhap bao théng qua con
duong nhap bao duoc diéu hoa boi thu thé. Mot sé lugng Ién cac phdi tir sinh hoc
dd duoc xac dinh va nghién cau dé tao diéu kién thuan lgi cho viéc nham muc tiéu
cha dong cho cac hat nano. Cac phéi tir sinh hoc nhu vay thuong lién két véi cac
thu thé cu thé trén bé mit caa té bao dich, va theo cach nay lam tang sy hap thu cua
té bao d6i Vi cac hat nano chira thude va ciing 1am ting hiéu qua diéu tri [51]. So
vé6i phéi tir don, mat do phéi tir tang 1én co loi cho viéc thuc dy lién két va sy hap
thu té bao thong qua hiéu tng da hoéa tri [52]. Nhiéu loai phéi tir khac nhau da duoc
sir dung cho muc dich nay, bao gdm protein, polysaccharide, acid nucleic, peptide
va cac phan tir nho. N6i chung, cac hat nano dwgc chirc ning hoa vai cac phdi tir
nay theo hai cach. Ching c6 thé duoc lién hop héa hoc hozc hap phu vat ly trén cac
hat nano sau khi hinh thanh hat nano, hoic c6 thé duoc lién két véi cac thanh phan
cua hat nano, chang han nhu polymer trudc khi hinh thanh [53, 54].
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Hinh 1. 1. Phan phdéi thudc bi dong [48].
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Hinh 1. 2. Phan phéi thuc hudng dich chu dong [50].

1.2. Hé phan phéi thudc nanogel
1.2.1. Vat liéu ché tgo nanogel

Nhiéu loai vat liéu c6 thé duoc st dung dé diéu ché nanogel. Kha niang phan
hay sinh hoc 1a diéu can thiét dé tranh viéc tich tu noi tang, cd kha ning dan dén
doc tinh va cac tac dung phu khéng mong mudn khéc [55, 56]. Cac hat nano
hydrogel duoc l1am tir polymer ty nhién hoic tong hop. Trong sé nay,
polysaccharide thuong dwoc st dung hon. Polysaccharide 1a cac polymer géc
carbohydrate c6 trong tu nhién, dugc hinh thanh tr cac don vi lap lai
(monosaccharide) lién két vai nhau bang cac lién két glycosidic. Chung c6 thé duoc
lay tir cc ngudn tao (alginate), thuc vat (cellulose, tinh bot) va dong vat (chitosan),
6 cau trdc va tinh chat kha thay doi, cac nhém chic khac nhau, nhiéu loai trong
luong phan tir va thanh phan hoa hoc thay d6i. Polysaccharide c6 thé duogc chia
thanh khong polyelectrolyte (dextran, dextrin, pullulan) va polyelectrolyte. Cac
polysaccharide polyelectrolyte cd thé duoc chia thanh tich dién duong (chitosan) va
tich dién am (heparin, hyaluronic acid). Polysaccharide ¢ tinh 6n dinh cao, an toan,
khong doc hai, ua nudc va phan hay sinh hoc. Ngoai ra, chiing con 1a ngudn tai
nguyén thién nhién ddi dao va c6 thé dugc ché bién véi chi phi thap.

Trong s cac polymer tong hop thuong duoc st dung ché tao nanogel,
copolymer khéi bao gom hai hozc nhiéu phan doan polymer don gian (khéi) tham
gia theo mot sé cach sap xép. Cac copolymer khéi thuong dugc phan loai theo s6
khdéi ma mdi phan tir chira tir hai, ba hoac nhiéu khdi twong tng véi cac khoi
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diblock, triblock hozc multiblock. Céc copolymer khéi dién hinh duoc st dung 1am
vat liéu ché tao nanogel nhu poly (D, L-lactic-co-glycolic acid) (PLGA) va Pluronic
[57].

1.2.2. Tinh chdt dic trung ciia nanogel

Nanogel duoc gidi thigu lan dau tién boi Vinogradov vao nam 1999 dé mo ta
mot hé théng keo duoc ciu tao boi mang ludi polymer wa nudc duge diéu ché tir
polyethylene glycol (PEG) va polyethylenimine (PEI) lién két ngang, c6 thé duoc
st dung 1am hé théng phan phdi thudc [58]. Ké tir d6 tré di, nhiéu budc phét trién
khac nhau d3 dién ra trong linh vuc ndy, nhiéu céng thic khac nhau da duoc phat
trién va nhiéu ung dung in vitro va in vivo da duogc thar nghiém. Hon nira, trong
nhitng nam qua, nanogel da g dung trong nhiéu linh vuc khac nhau nho vao nhiéu
dac tinh cua chung.

Nanogel c6 kha nang phan ung lai véi sy kich thich bai mot tin hiéu bén
Ngoai Xuat phét tir mdi trudng trong co thé nhu thay d6i do pH, nhiét do, diéu kien
oxy hoa khir, ndng do enzyme hoac tac nhan kich thich tir bén ngoai nhu 4nh sang,
tir truong, v.v. Cc tic nhan kich thich nay sau d6 gy ra su thay d6i vé hinh dang
hoic cau tric cia nanogel. Nhiing thay d6i nay ciing lam thay d6i tinh ua nuéc va
tinh ky nudc cua nanogel hay néi cach khac 13 mirc d6 tuong tac cua hé thong voi
cac phan tr nude va hau hét duoc biéu hién dudi dang truong né cia nanogel, tir d6
gay ra cac phan tng nhu giai phong cac phan tir thuéc bén trong nanogel [59]. Mot
trong nhitng wu diém dang ké cua nanogel 1a phan (ng rat nhanh di véi su thay doi
cua diéu kién moéi truong [60]. Kha niang phan (ng cua nanogel vai cac tin hiéu vat
ly hodc hda hoc bén ngoai cé thé dugc diéu chinh bang cach kiém soat ciu tric cua
vat liéu dugc sir dung dé diéu ché nanogel [61, 62]. Muc do trwong nd ciing phu
thudc vao dic diém cau tric cua nanogel nhu thanh phan hda hoc, tinh wa nuéc va
muc d6 lién két ngang cia mang ludi nanogel, diéu khién su tu do di chuyén vé
hinh dang cua céac chudi polymer [63, 64].

Tinh oxy héa khir cua nanogel thé hién qua viéc céc lién két ngang cua
nanogel chira cac lién két disulfide 6n dinh trong méi trudng ngoai bao nhung bi
phan cit trong moi trudng nodi bao. Diéu nay 1a do su khéac biét vé dién thé khir gitra
cac khoang ngoai bao va noi bao va dia duoc st dung thanh cong trong viéc diéu ché
cac nanogel phan wng oxy hoéa khir [65]. Cac nanogel véi cac lién két disulfide on
dinh trong qua trinh luu thong trong mau nhung khong bén khi duoc hip thu trong
té bao, do d6, tao diéu kién thuan lgi cho viéc giai phong thudc. Matyjaszewski va
cong su (2007) da diéu ché cac nanogel c6 kha nang phan hay sinh hoc véi cac lién
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két ngang dimethacrylate c6 chirc nang disulfide phan hay thanh céc chudi polymer
riéng ¢ vai su c6 mit cua glutathione va cho phép giai phong thube dugce dong goi
trong nanogel [66].

Tinh nhay nhiét cia nanogel thé hién qua sy dap tng lai sy thay d6i ning
luong tu do cia moi truong xung quanh. Kha nang phan tng cia nanogel véi su
thay doi nhiét d6 méi truong xung quanh phu thuéc vao mic do tuong tac cua Cac
phan tir polymer dugc phan loai 1 ky nuéc hoic uu nudc. Mot sy thay ddi tich cuc
hoiac mét sy thay ddi tiéu cuc trong nang luong tuy do cua hdn hop cho biét tinh ky
nudc hodc tinh wa nuéce caa nd [67]. Su lién két cua cac phan ta nudce véi cac phan
tar polymer 13 nguyén nhan chinh caa sy thay d6i ning luong ty do. Cac phan tu
nuéc & nhiét do thap hon nhiét ¢ dung dich téi han dudi (LCST) sap xép tét xung
quanh c&c phan ua nudc cua polymer. Tuy nhién, ¢ nhiét do trén LCST, do tinh ky
nudc cua polymer, cac phan tir nude bit dau tach ra va do 1a sy phan tach pha giia
nuéc va polymer. Hon nita, khi nhiét d6 tang, su lién két cua cac phan tir nuéce bi
sup d6 do cac chat ky nudc, va entropi cua hé thong ting 1én, dan dén su hinh thanh
gel. NGi cach khéc, khi nhiét do thip hon LCST, twong tac ua nudc - va nudc manh
hon tuong tac ky nuéc - ky nuéc, va diéu nay lam ting kha ning hoa tan cia
polymer. Khi nhiét d6 tang, twong tac Ky nudc-Ky nudc trg nén manh hon tuong tac
wa nudc-ua nudc, cudi cing dan dén sy két tu cia cac phan tir ky nudc va hinh
thanh nanogel 68-70].

Nanogel 1am ting thoi gian lwu thong cua thude trong co thé cing voi kha
nang phan phdi thudc dén vi tri khéi u mong muén trong co thé. Bé dat duoc diéu
ndy, cac nanogel phai vuot qua cac rao can lién quan dén con duong sur dung. Tuy
thudc vao dudng sir dung, cac nanogel duogc thiét ké dic biét dé vuot qua cac rao
can lién quan va dat duoc sy luu thong nguyén ven. Cac nanogel duoc thiét ké phai
dam bao ngan chin qua trinh giai phong thudc nhanh chéng va ngin chin duoc qué
trinh phan hay hodc chuyén héa nhanh chéng céc phan tir thudc. Mét trong nhitng
tré ngai nhit cua viéc dam bao thoi gian lwu thong 14 qua trinh opsonin hda céc
nanogel, sau dé la qua trinh dao thai chung qua cac co quan cua dai thuc bao don
nhan nhu gan va 1a lach, noi chung dugc cic té bao don nhén va dai thuc bao
thuong tra hap thu [71]. Dé tang thoi gian luu thong, cac hat nanogel duogc bién tinh
bé mat véi polyethylene glycol (PEG) hay con goi 1a PEG héa bé mit nanogel dé
ting tinh wu nudc cua nanogel, thiét 1ap luc can khéng gian ddi véi twong tac
protein huyét thanh [72]. Mic du PEG hoéa lam ting thoi gian luu théng cua nanogel
va lam giam su hap thu cua hé thong dai thuc bao don nhan nhung cudi cing quéa
trinh opsonin hda va thanh thai dai thuc bao van xay ra [73].
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Nanogel c6 kha ning phan phdi thudc hudng dich t6i céc vi tri khdi u theo
cach thu dong hodc cha dong. Cac nanogel thuong qua Ion dé di qua cac mdi ndi
chat ché cua I6p ndi md binh thudng nhung co thé tich tu mot cach hiéu qua trong
cac khdi u ran hoic cac mo bi viem. Di véi cac md bi viém, cac mach mau thuong
bi ro ri va nén long Iéo va dan luu bach huyét bi suy giam dan dén tinh thim va luu
giit cua nanogel dugc tang cudng, diéu nay c6 thé xem la phan phdi thubc huéng
dich thy dong [74]. Ngoai kha ning thdm va luu giit, sy két hop sinh hoc cua
nanogel voi cac phdi tir nham muc tiéu cho phép hudng chung dén cac thy thé hoac
phan tir cu thé duoc biéu hién qua mic mot cach khac biét trén cac té bao bi bénh,
do d6 cai thién kha nang luu giir ctia chling tai vi tri dugc nham muc tiéu ciing nhu
tao diéu kién cho sy hap thu té bao caa ching [75, 76]. Nhiéu phan tir nho, peptide,
aptamer, khang thé hoac cac manh khang thé da duoc kham pha dé phan phdi muc
tiéu cac nanogel toi vi khi khéi u [77]. Nhiam muc tiéu qua trung gian phéi tir anh
hudng dén cau hinh phan phéi sinh hoc téng thé ciia cac nanogel so véi cac nanogel
khong dugc nham muyc tidu caa ching. Didu nay c6 thé gidp tranh sy tich tu qua
murc cua cac nanogel tai cac vi tri ngoai muc tiéu va giam céc tac dung phu lién
quan.

1.2.3. Ung dung ciia nanogel trong phan phai thuéc tri li¢u

Nanogel ¢ kha nang truong nd rat Ion va cé thé két hop nhiéu phan ti sinh
hoc hogc thudc tri liéu thong qua twong tac tinh dién, van der Waals, ky nudc hoac
lien két cong hda tri vai chudi polymer. Kha ning tai nay ctia nanogel cao hon rat
nhiéu va vuot quéa kha ning cua liposome [78, 79]. Do qua trinh nap thudc, cac
nanogel bi pha v& ciu tric tao thanh céc hat nano 6n dinh, trong d6 céc tac nhan
sinh hoc hoic thudc tri liéu bi cubn vao bén trong I8i hat nanogel. Viéc bién tinh bé
mat nanogel bang PEG c6 thé ngin chin su két tu cua ching. Trong qué trinh luu
thong phirc hop thudc-nanogel, cac chudi polymer wa nudc 16 ra trén bé mit va tao
thanh maot 16p bao vé xung quanh nanogel. Kha niang kiém soat va tinh linh hoat cua
hoa hoc polymer cho phép thiét ké mot loat cac cong thuc thubc nanogel c6 kha
nang mang nhiéu thudc tri liéu trong cing mot chat mang nanogel [80, 81]. Su giai
phong thudc dap ang véi kich thich do nhiét do hoic pH gay ra ciing c6 thé rat hap
dan d6i voi viéc tng dung nanogel trong phan phdi thudc. Chirc ning hoa cua bé
mit nanogel c6 thé tao diéu kién thuan loi hon nira cho su tich liy c6 chon loc cua
ching trong md hoic té bao dich [82, 83]. Viéc phat trién cac nanogel c6 thé mang,
bao vé, nham muc tiéu va giai phong céc tac nhan tri liéu theo cach duoc kiém soat
theo mong muén dang dién ra tich cuc va cac cong thic thiét ké hop 1y caa ching
c6 thé cung cip maot nén tang cho nhiéu tng dung.
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Trong vai nim qua, khoa hoc di dat duoc nhiing tién bo déang ké trong viéc
tng dung nanogel 1am chat mang phan phéi cho cac phan tir nhé cd hoat tinh sinh
hoc trong diéu tri bénh. Nanogel cd thé 1a mot nén tang linh hoat dé két hop cac
phan tir thuéc nho khac nhau thong qua tuong tac tinh dién, Ky nudc cling nhu su
hinh thanh lién két hydro [84]. Su trwong nd cia nanogel trong mdi trudng nudc
cho phép cac phan tir nho dé dang tham thau qua khe nang cuaa khéi u. Su thiét ké
hop ly cua cac nanogel cd thé 1a mot cong cu hiéu qua dé diéu chinh toc do giai
phong thudc nham dat dugc hiéu qua diéu tri mong mudn cua thudc. Mot trong
nhitng tinh ning quan trong nhat caa nanogel duoc diéu ché tir cac polymer mang
dién tich co lién két ngang yéu 1a kha nang két hop céc phan tu sinh hoc mang dién
tich trai dau cua ching [84, 85]. Ngoai ra, cac nanogel diéu ché tir cac polymer
mang dién tich ciing c6 thé tao phirc véi cac phan tir thude nho nhu 5'-triphosphate,
cisplatin [86-88]. Nanogel ciing dd dugc kham pha nhu mét chit mang cho céac loai
thudc kho tan trong nudc nhu paclitaxel, dexamethasone [89, 90].

Céc oligonucleotide (ON) tri liéu bao gém antisense oligodeoxynucleotide
(ODN), siRNA va miRNA c6 tiém ning 16n voi tu cach 1a cac tac nhan tri lidu va
dang tré thanh mot ¢éng cu manh d6i vaéi cac nha sinh hoc phan tir. Cac ON dang
duoc quan tam trong diéu tri va chan doan ung thu, rdi loan thoai hoa than kinh va
nhidm virus gay chét nguoi [91-93]. Mot sb liéu phap dua trén ON da dat duoc
thanh cong dang ké trong céac thir nghiém I1am sang [94, 95]. Tuy nhién, viéc dua
cac ON tri liéu vao céc té bao muc tiéu van 1a mot thach thirc chinh dé nhan ra tiém
nang diéu tri day du cua ching vi ON khéng thé tu xam nhap vao mang té bao, c6
thé bi phan huy boi cac tac nhan nai sinh va cé thé kich thich hé théng mién dich
bam sinh. Do d6, cac ON yéu cau mot phuong tién phan phéi dé dua ching dén vi
tri hoat dong ma khdng c6 tac dung phu. Cac nanogel cation da ndi 1én nhu mot loai
vat liéu nano méi day hira hen dé giai quyét nhitng thach thic trong viéc cung cip
cac ON in vivo [96]. Cac nanogel ndy bao gém céc chudi polymer ua nudéc lién két
ngang yéu, co6 do xbp cao cho phép dong goi hiéu qua cac ON, diéu nay thuong
khong thé dat duoc véi cac chat mang nano thong thuong. Mot trong nhitng béo céo
dau tién, Vinogradov va cong su (2014) di diéu ché nanogel PEG-PEI cation 1am
chat mang tiém ning cho ODN dic hiéu cho gen mdrl cia con ngudi [97]. Ngay
nay, nhiéu loai hat nanogel cation da dugc diéu ché dé phan phdi phan tir SiRNA
[98].

Ngoai kha nang déng goi cac phan tir tri liéu nho c6 hoat tinh sinh hoc,
nanogel ciing di duoc khdm pha rong rdi dé cung cap protein va peptide. Akiyoshi
va cong su (1998) di diéu ché nanogel cua pullulan bién déi cholesterol ty Iap rap
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tao thanh mot phirc hop vai nhiéu loai protein khac nhau mét cach tu nhién, chu yéu
thong qua cac tuong tac ky nudc [99]. Lugng protein dugc tao phuc bai cac nanogel
nhu vay phu thudc vao trong Iugng phéan tir va tinh ky nude cua protein. Qud trinh
tao phic di ngan chin manh mé sy bién tinh nhiét va sy tong hop protein sau d6
cling nhu bao vé ching khoi su phan hay boi enzyme. Trén co s& nén tang nay,
Ayame va cong su (2008) da diéu ché cac nanogel cation hoa dua trén polysacaride
dé tan dung ca tuwong tac ky nudc va tuong tac tinh dién dé tang hiéu qua viéc bay
protein va tang cuong qud trinh ndi bao cua cac nanogel chiaa protein [100]. Trong
mot bao cdo dugc cong bd boi nhdm Akiyoshi va Kiyono (2010) , nanogel pullulan-
cholesterol cation di dugc kham pha nhu mot hé thong phan phéi protein cho
vaccine nhé mii khong cé chat bo tro [101].

Nanogel ciing c6 kha nang phan phdi dong thoi nhiéu tac nhan tri liéu phuc
vu cho muc tiéu ting cudng kha nang tri liéu. Su két hop céc loai thudc trong mot
chat mang phan phéi 1a mot chién lugc pht hop dé kiém soat duoc dong hoc va
ddng phan phéi ty 18 thuéc mong muén trong co thé song. Do ciu trdc nanogel c6
thé dé& dang diéu chinh dé tich hop cac tinh ning cta cac vat lieu khac nhau va do
d6 mang lai loi thé cho viéc dong goi to hop céc loai thude co cac dac tinh hoa ly
khac nhau nhu phan tr nho, protein va acid nucleic. Fahmy va cong su (2012) da
phat trién cac nanogel liposome gom cyclodextrin phicc hop véi thudc va cac
polymer phan huy sinh hoc dong goéi cytokine c6 thé cung cap chat wc ché TGF-B
c6 tinh ky nudc va protein cytokine IL-2 hoa tan trong nudc. Ho da chirng minh
rang tac dung hiép dong cia TGF-B va IL-2 dugc phan phdi ddng thoi khi kich hoat
hé théng mién dich din dén lam cham su phét trién caa khdi u va ting kha ning
sbng sot cua chudt mang khéi u hic té sau khi dung thudc toan than [102]. Nanogel
cling ¢6 kha ning cung cap nhiéu loai thuc cé dic tinh khéc nhau, Desale va cong
s (2013) dd diéu ché nanogel PEG-poly(L-glutamic acid)-poly(L-phenylalanine)
(PEG-PGIlu—Pphe) c6 mét 16i ky nude dugc hinh thanh boi cac chudi Pphe va mot
I6p anion lién két ngang cua cac chudi PGlu cuing véi 16p vé bén ngoai bao gdm céc
chudi PEG c6 kha ning phan huy sinh hoc ndy cd thé chira mét luong dang ké thude
c6 cac tinh chat vat Iy rat khac nhau nhu cisplatin ua nudc (tai 15% trong luong) va
paclitaxel ky nuéc (9% trong luong). Su két hop hai thudc nay trong nanogel thé
hién tac dung gy doc té bao tong hop chong lai té bao ung thu budng tring A2780
ctia con ngudi Va tao ra hoat dong chdng khéi u vuot troi so vai cac nanogel nap
thudc riéng Ié hoic thudc ty do [103].
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1. 3. Hé phan phéi thudc nanogel trén co sé chitosan

1.3.1. Diic diém va tinh chdt cia chitosan

Chitisan (CS) 1a mot polysaccharide cation ua nuéc ¢6 cau trdc tuyén tinh
bao gdm D-glucosamine va N-acetyl-D-glucosamine duoc lién két voi nhau tai vi
tri B-(1-4) (Hinh 1.3), thu duoc bang cach khir nhém N-deacetyl bang kiém hoic
enzyme cua chitin, 1a loai polymer phd bién thir hai trong tu nhién sau cellulose
[104] . Chitin co trong bd xwong ngoai cua giap xac (tbm, cua, myc), con trung va
c4c chung nam [105]. Cac nhom hydroxyl va amine trong céu trdc caa CS chiu
trach nhiém vé kha ning phan tng héa hoc, kha ning hoa tan va hoat tinh sinh hoc
cua nd. CS c6 do hoa tan thap & pH sinh 1y nhung trong dung dich acid lodng, cac
nhém amine chinh dugc proton hoa va CS tré nén tich dién duong va hoa tan trong
nuéc [106]. Bién tich duong ciing giai thich su tuong tac cua CS voi mang té bao vi
sinh vat mang dién tich dién am va do d6 gay ra tc dung khang khuan cua né [107].

CH
NH, OH o=<_ "
NH
~HO 0 O HO .

Hinh 1. 3. Cau tric hda hoc cua chitosan [104].

CS la mét tng ctr vién 1y twong cho hé phan phéi thube vi nd khong doc hai,
tuong thich sinh hoc, phan hay sinh hoc, sinh mién dich thap va két dinh sinh hoc.
Hon nita, cau tric cta né twong ty nhu collagen va c6 thé duoc sir dung dé mo
phong chat nén ngoai bao [106]. Ngoai ra, CS dwgc ching minh 1a c¢d tac dung
khang khuan, khang nim, cam méu, ha duong huyét, chdng acid va chéng loét,
khang viém, chéng oxy hda, tri dai thdo dudng va bao vé than kinh [108, 109]. Dua
trén nhitng dic diém dic biét nay, CS 1a mot vat liéu sinh hoc day hta hen va di thu
hit s chu y ngay cang ting cua cac nha nghién ciru dé phat trién céc vat liéu dua
trén CS cho cac ung dung y sinh, dic biét 12 hé phan phéi thuéc [106]. Céc hé phan
phdi thude dua trén CS duoc sir dung dé cung cip protein, peptide, cac yéu té tang
truong, thudc chdng viém, khang sinh, thudc chéng ung thu,... ciing nhu trong li¢u
phap gen [110, 111].

Cac hat mang nano dwa trén CS ¢d nhiéu wu diém do kich thudc nho va ting
dién tich bé mat, dac tinh két dinh nho kha nang tao lién két ngang chat ché. Ching
c6 thé duoc sir dung dé nham muc tiéu thuc dén té bao va moé nho kha ning xam
nhap vao mang té bao bang qua trinh noi tiét hodc chuyén hda té bao qua trung gian
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thu thé. Céac hat nano CS ¢ thé ting cudng d6 6n dinh cua thubc, kiém soat duoc
qua trinh giai phong caa thude [110, 112].

CS & dang don 1¢ hodc dudi dang vat lidu tong hop déu 1a nhiing chat nén
phU hop trong viéc ché tao cac loai san pham khac nhau nhu hydrogel, mang, hat,
bot xdp, hat nano, gel tai chd, vi hat [113]. Su hinh thanh cac cau tric nano dya trén
CS tu lap rap thé hién cac tinh nang noi bat, chang han nhu kha ning déng goi
protein cao va qua trinh giai phong thudc kéo dai [114].

1.3.2. Hé phan phéi thuéc nanogel trén co sé chitosan

Céac thuoc tinh cia CS nhu kha nang tuong thich sinh hoc, kha nang phan
hay sinh hoc két hop véi cac thudc tinh cua nanogel nhu kha ning bién dang, mém,
dién tich bé mat 16n, kha ning tai cao va 6n dinh d& dang 1am cho nanogel trén co
s& CS thanh vat liéu day hta hen dé phan phdi thudc, nudi ciy té bao va tri lidu
[115, 116]. Mot s6 phuong phap diéu ché nanogel tir CS ching han nhu tao gel ion,
tao gel vat ly, tring hop, tu lap rap va vi nhii twong dd dugc bao céo [116].

CS c6 kha ning ty tao gel dé tao thanh nanogel ma khdng can bat ky chat
hoat dong bé mat, dung méi hay chat lién két ngang nao, do sy c6 mat cua nhém
—OH va —NH; dan dén kha niang hinh thanh tuong tac tinh dién va lién két hydro
gitra cac chudi polymer [116, 117]. Cac nanogel CS duoc hinh thanh theo cach nay
nay chi chira nude va CS c6 kich thudc tir 0.2 nm dén 1000 nm. Mt sé dic diém
cia CS nhu khéi lugng phan ti, do deacetyl, d6 nhét va nong do cua dung dich
polymer c6 thé gop phan dang ké vao su phan bé kich thuéc hat va ciing anh huéng
dén cac tinh nang nhay cam vai nhiét cua loai nanogel nay. Ngoai ra, sy proton hoa
cuia nhdm —NHz & pH thap gop phan tao ra dién tich dwong cua CS va tuong tac tinh
dién véi cac thanh phan cua chat nhay hoac véi bé mit biéu mé mang dién tich am.
Cac loai twong tac nay cung cip cac dic tinh két dinh niém mac thuan loi cho viéc
sir dung nanogel CS 1am hé théng phan phéi thudc [118].

Cac nanogel CS c6 thé dong vai tro 1a chat mang, bao vé thudc khoi bi phan
hity hodc dao thai. Ban chat wa nudc ctia nanogel CS han ché viéc sir dung chung dé
phan phéi thudc ua nuéc. Viéc nang hoa thude Ky nuéc vao cac hat nanogel CS c6
thé thuc hién bang cach bién tinh CS véi cac nhém ky nudc nhu nhu alkyl,
cholesterol, acyl, acid 5-cholanic, cholic acid va deoxycholic acid [119, 120].

CS lién hop phdi tir huéng dich dé giam thiéu phan phéi thuéc khong ding
muc tiéu gay ra tac dung phu. Galactose, folate, mannose va khang thé 1a nhiing
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phdi tir thudng duoc st dung duoc két hop véi CS dé dat duoc sy phan phdi thude
dén muc tiéu hiéu qua.

Galactose 14 mot loai duong monosaccharide c6 kha ning lién két dac hiéu
véi céc thu thé asialoglycoprotein (ASGPR) hién dién rat nhiéu véi mat do 500.000
thu thé trén mdi té bao gan ciing nhu trén cac dong té bao ung thu gan khac nhau &
nguoi [121]. Céc hat nanogel CS lién hop voi galactose ciing ¢6 thé dugc diéu ché
boi nhém Alex (2011) va nhém Zheng (2012) bang cach st dung CS hoa tan trong
nude duoc két hop véi lactobionic acid théng qua phan @ng amide hda vai su co
mat cua xuc tac 1-etyl-3-(3-dimetylamineopropyl) carbodiimide (EDC) va N-
hydroxysuccinimide (NHS) (Hinh 1.4) [122, 123].

HOH,C—C —C : c—c”
CHZOHO 2 | H H \\o CH,OH CH,OH
0 gron EDC, NHS ¢ ? 0
OH OH 0 ; oH 0 oH
OH
n 0,
NH, 25°C,24h NH, NH
OH (I)H (I)H (I)H /
. .. . H
Chitosan Lactobionic acid HOH,C—C—C—C—C —C

Chitosan-galactose

Hinh 1. 4. So d6 tong hop chitosan-galactose [123].

Folic acid (pteroylglutamate) 1a mot loai vitamine tan trong nudc va rat quan
trong ddi véi qua trinh tong hop, methyl hoa va sta chita DNA. Su biéu hién qué
muc cua cac thu thé folate (FRa) trong cac bénh ung thu nhu phdi, than, vd, biéu
mo, budng trimg, dai trang, truc trang va ndo da dugc khai thac dé phan phbi muc
tiéu cac khang thé folate lién hop CS [124]. Cac hat nanogel CS lién hop véi folic
acid thong qua phan tng amide hda gitra nhom —NH. cta chitosan va nhom
—COOH cua folic acid vé&i xtc tac EDC/NHS trong moi truong hdn hop nuéc va
dung mdi DMSO (Hinh 1.5) cling dugc thuc hién bdi cd&c nhom nghién cau Xu
(2013), Song (2013), Li (2015) va Liu (2013) [125-128].
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Hinh 1. 5. So d6 tong hop chitosan-folate [125].

Biotin (vitamine B7) duoc biét 1a ¢ vai tro thiét yéu ddi véi su phét trién cua
té bao va hau hét cac phan tng trao doi chat [129]. Cac thuy thé tiotin dugc biéu hién
qué mirc trong céc té bao khdi u khac nhau nhu nhu budng trang (OV 2008, 1D8),
bénh bach cau (L1210FR), u té bao mast (P815), rudt két (Colo-26), cac dong té bao
ung thu va (4T1, JC, MMTO06056), than (RENCA, RD0995) va phdi (M109) trong
khi ching bi han ché nhiéu ¢ cac md khoe manh [130]. Mot sé bang chung da
ching minh su gia ting kha nang hap thu thudc trong cac té bao dugc diéu tri bang
chat mang lién hop biotin so véi nhitng té bao duoc u véi chat mang twong tu khdng
c6 biotin [131]. La mot tac nhan nham muc tiéu phan tir nho, biotin mang lai nhiéu
loi thé hon so voi cac tdc nhan nham muc tiéu 16n, bao gém viéc han ché cac tac
dong dang ké dén duoc dong hoc va kha nang sinh mién dich cua céc cong thirc tao
chat mang [132]. CS lién hop v&i biotin da dugc nghién ctu rong rai vi né két hop
cac dic tinh tuong hop sinh hoc noi bat cua chitosan vai kha nang nham muc tiéu
cua biotin. Nho ¢6 nhdm cacboxyl (~COOH), biotin dé dang tham gia lién két voi
nhom amine (—-NH>) cia CS, lam tang cudng mat do phan tu biotin trén bé mat cua
cac hat nanogel dugc lam tir CS (Hinh 1.6) ciing dwoc thuc hién bai cac nhom
nghién ctu Liu (2010), Yao (2013) va Tian (2014) [133—155]. So véi cac hat nano
khong chira biotin, cac hat gén biotin ting doc tinh té bao d6i vai té bao ung thu va
(MCF-7) va té bao ung thu budng tring (Hela). Hon nita, cac thir nghiém in vitro
cho thdy cac hat nanogel CS gin biotin dwgc hap thu trong cac té bao MCF-7 va
Hela bai qua trinh ndi bao trung gian thu thé biotin va dugc tich lily mot cach hiéu
qua vao khdi u [136-139].
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Hinh 1. 6. So d6 tong hop chitosan-biotin [139].

Tuong tu nhu vay, CS lién hop véi protein bao gdm cac khéang thé (antibody)
va transferrin, peptide, aptamer (DNA hoic RNA) trong phan phdi thudc dén cac té
bao dich dwoc biéu hién véi cac khang nguyén va thu thé [140-143].

Mot xem xét quan trong khac khi lya chon phéi tir cho céc hat nano 1a gia
thanh cua ching. Vi du, khang thé 1a phdi tir hiap dan do tinh dic hiéu cao va muc
tiéu da dang, nhung chi phi san xuat caa ching rat cao [144]. Tir quan diém nay, cac
phan tir hda hoc nho thudng ré hon protein hodc aptamer. Chung toi hy vong rang
c4c hat nano nham muc tiéu s& ngay cang dugc thuong mai hoa va c6 san dé mang
lai lgi ich Ién hon nham giam tac dung phu va cai thién hiéu qua diéu tri.

1.4. Hé phan phéi thudc nanogel trén co sé' Pluronic

1.4.1. Pic diém va tinh chdt cia Pluronic

Pluronic hoic poloxamer la cac copolymer gom ba khéi poly(ethylene
oxide)—poly(propylene oxide)—poly(ethylene oxide) (PEO—-PPO—-PEOQ) va ching cé
kha nang dap ung nhiét trong dung dich nudc & nhiét d6 sinh ly. Cac dac tinh dung
dich nuéc cua Pluronic da dugc nghién ciu va xem xét ki ludng do biéu hién doc
d4o cua chiing va mang lai loi ich cho vé sé tng dung. Trong dung dich nuéc, dic
tinh ludng tinh cua Pluronic 1am cho c&c phan ti Pluronic tu két tu thanh céc
micelle vé6i 161 bén trong dugc cau tao boi cac khdi ky nudc va lép vo bén ngoai
duoc cu tao bai cac khdi wa nudc vai kich thude nano, thuong nam trong khoang
tir 10 dén 200 nm, xuét hién & nong d6 micelle tgi han (CMC) va ¢ nhiét ¢ micelle
tai han (CMT) (Hinh 1.7). Gi& tri CMC cua dung dich Pluronic giam khi nhiét do
va s6 lugng PPO ting, cho thdy rang cac polymer cd mién ky nudc (PPO) I6n hon
tao thanh cac micelle & ndng d6 va nhiét d6 thap hon [145]. Do d6, nhiét do thuong
duoc sir dung nhu mot thdng sé diéu khién dé diéu chinh ciu tric, kich thudc va
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hinh dang cua cac micelle Pluronic. Nhiét do ting hon nita khién dung dich tach
thanh hai pha trén diém duc (CP) [146, 147].
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Hinh 1. 7. Cau trac héa hoc cua Pluronic (a) va su hinh thanh micelle (b)
[118].

Dung dich Pluronic thé hién do nhay véi nhiét do, dic biét 1a “gel hoa thuan
nghich nhiét” dbi véi cac dung dich du dam dic. Qué trinh tao gel cua Pluronic bao
gom hai budc: (i) qua trinh micelle hoa trong d6 cac micelle hinh cau dugc hinh
thanh va (ii) qua trinh gel hoa trong d6 su xép chong cua cac micelle hinh cau dé
tao thanh gel (Hinh 1.8) [148].

- 5@/@

f’ﬂﬂw Micelle hoa
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Hinh 1. 8. Qua trinh hinh thanh hydrogel [148].

Nho ciu tric 16i-vo caa ching, 16i ky nudc ¢ thé hoat dong nhu mot vi tri
nap thudc, tao ra khong gian dé bao boc cac thudc ky nude thdng qua viéc thiét 1ap
cac twong tac vat ly hoac hoa hoc. Cac dac tinh cta vo ngoai va I6i bén trong cua
micelle c6 thé thuc day qua trinh giai phong thudc d& dang hon hoic bén vimg hon.
Do céc dic tinh néu trén, cac micelle Pluronic c6 thé phan phdi mot sé loai thuéc,
cai thién thoi gian luu thong, cling nhu ting cudng tinh tham thau va luu git hiéu
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qua. Hon nira, cac hé théng nay co nguy co nhiém déc man tinh thap vi cac micelle
Pluronic duoc thao roi trong co thé, thanh cac chudi polymer don c6 thé dugc bai
tiét qua than [149].

1.4.2. Hé phan phéi thudc nanogel trén co sé Pluronic

Polymer Pluronic® di dugc FDA chap thuan cho st dung trong duoc pham
va da dugc nghién ctu cho cac wng dung diéu tri khac nhau [150]. Khi nong do cua
Pluronic trong dung dich I6n hon ndng d6 micelle téi han (CMC), cac micelle
Pluronic cé thé hinh thanh mét cach tu nhién, dan dén mot s6 dic tinh co lgi: khoi
PPO c¢6 thé duoc str dung dé mang thudc ky nuéc, chudi PEO wa nuéc c6 tac dung
6n dinh va tranh bi loai b bai hé théng ludi ndi mé [151, 152]. Phan wa nudc cua
micelle mang lai sy 6n dinh khéng gian va do d6 kéo dai thoi gian luu thong trong
co thé, trong khi khéi ky nuéc c6 kha ning tai thudc cao va kha ning twong thich
t6t [153]. Hon nira, khdi ky nudc cua Pluronic ¢ thé cai thién hiéu qua caa qué
trinh thuc bao va thuc ddy su hp thu thudc. Mot sé Pluronic ciing c6 thé lam can
kiét adenosine triphosphate (ATP) noi bao, tc ché chirc ning ciia P—glycoprotein
(P—gp), anh hudéng dén dong chay va phan phdi thudc, ddng thoi 6 tac dung dao
nguoc tinh trang khang da thudc caa khéi u [154, 155].

Pluronic ¢6 thé dugc chia thanh bén nhom tly theo sy khac biét trong can
bang hydrophilic—lipophilic (wa nudc-uva béo) (HLB) va do dai chudi PPO cua
ching. Nhém thir nhat 14 cac loai Pluronic ua nudc ¢ gia tri HLB tir 20—29 nhu
Pluronic F68, Pluronic F108 va Pluronic F127. Nhom thir hai ¢6 gia tri HLB < 20
va PPO < 30 nhu Pluronic L35, Pluronic L44 va Pluronic L64. Nhom thar ba la cac
Pluronic voi HLB < 20 va PPO tir 30-60, chang han nhu Pluronic P85, Pluronic
P105 va Pluronic L61. Nhém th tu bao gdm cac Pluronic véi HLB < 20 va chudi
PPO > 60, chang han nhu Pluronic P123 va Pluronic L121 [156].

Nhom Pluronic thir nhat bao gém F68, F108 va F127. Ching khéng chi ¢6
tinh ua nudc tét ma con ¢ kha ning twong thich sinh hoc va kéo dai thoi gian luu
théng méau [157, 158]. Tuy nhién, cac nanogel phan wng nhiét dua trén Pluronic
nhoém nay duoc phét hién co6 d6 bén co hoc va do on dinh khong phu hop khién
ching khéng phi hop cho cac ang dung y sinh nhat dinh. Mot s6 luong déng ké cac
nghién ctru di duoc thuc hién tap trung vao viéc cai thién do bén co hoc cua
nanogel nhém nay bang cach phdi tron hoic bién doi véi cac thanh phan polymer
khac.

Butt cing cong su (2012) da phdi tron Pluronic F127 va D-a-tocopheryl
polyetylen glycol 1000 succinat (TPGS) tao thanh mét hé chat mang nanogel mang
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DOX 6n dinh chdng lai su két tia DOX trong huyét thanh [159]. Trén co s& micelle
F127/TPGS, Meng ciing cong su (2020) da phat trién cac micelle nham muc tiéu
ndo bang cach két hop TPGS véi nhém nhay cam dién ferrocene (Fc) (TPGS-Fc).
Vi qué trinh oxy héa Fc bi khir boi dong dién c6 thé chuyén nhém Ky nudc thanh
nhéom wa nuéc, kich hoat sy phan huy cac micelle va giai phong thubc [160].
Pluronic F127 ciing dugc bién tinh véi chudi peptide nho cé thé lién két chon loc
Vi cac thy thé caa té bao ung thu gan (Hep G2) da duoc diéu ché bai Li cing cong
su (2013), Pluronic F127 lién hop véi chudi peptide PKKKRKYV (Pro-Lys-Lys-Lys-
Arg-Lys-Val, PV7), mot peptide gém bay amineo acid duoc ching minh lam ting
dd 6n dinh cua micelle va c6 sy hap thu noi bao cao [161]. Zhang clng cong su
(2011) da diéu ché cac hat nanogel mang PTX bang cach phéi tron hai loai Pluronic
F127 va P123 vé6i nhau dé tiéu diét té bao ung thu biéu mé (KBv), trong d6 Pluronic
F127 duoc lién hop véi acid folic dé ting cudong kha niang hap thu noi bao cua
nanogel (Hinh 1.9). Két qua thir nghiém in vivo cho thay, cac nanogel lién hop voi
phdi tir folate da ting cudng sinh kha dung cua PTX lén gap 3 lan so vai nanogel
khong lién hop vai phéi tir folate [162]. Twong tu nhu vay, Russo va cong su (2016)
da diéu ché cac hat nanogel mang niclosamide (NCL) bang cach phéi tron Pluronic
F127 va P123 dé tiéu diét té bao ung thu phdi A549, trong d6 Pluronic F127 dugc
lién hop voéi biotin dé ting cuong kha nang hap thu noi bao caa NCL (Hinh 1.10).
Két qua thir nghiém in vitro cho thay cac hat nanogel giai phong NCL bén viing
trong mdi truong giau protein va doc tinh té bao manh hon so véi NCL tu do [163].
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Hinh 1. 9. So d6 tong hop Pluronic F127-FA [162].



24

H H
HN NH

T

(0)

Pluronic F127

DMAP, DCC DCM
Biotin

4o 0 O)OI\/\///,. S
AR

T

0
Pluronic F127-biotin

Hinh 1. 10. So d6 tong hop Pluronic F127-biotin [163].

Pluronic F68 1a loai polymer c6 gia tri HLB 29, dé tan trong nuéc, kha niang
tao thanh micelle thap, ndng do tao micelle cao, do d6 kha ning nang héa thudc
kém. Vi vay, dé ting kha ning nang hoa thudc ciing nhu ting cuong kha ning
khang da thudc, Pluronic thudng dugc phdi tron vai céc loai polymer cé gia tri HLB
thap hoic bién tinh véi cac thanh phan c6 gbc wu béo. Mei cung cong sy (2009) da
phat trién céc hat nanogel biang cach phdi tron Pluronic F68 véi poly (e-
caprolactone) (PCL) dé nang hoa docetaxel nham ting cuong kha ning khang da
thudc trong diéu tri ung thu va. Két qua cho thay Pluronic F68 di ting cuong muc
d6 doc tinh té bao cua cc hat nanogel mang thuéc hon dang ké so véi cac hat nano
PCL mang thudc [164]. Song cuing cong su (2014) di lién két mot dau caa Pluronic
F68 vai cholesterol thdng qua phan tng ester hoa da lam giam gia tri CMC cua no
xudng 400 lan so véi Pluronic F68, dong thoi lam ting kha ning nang hoa thudc
chéng ung thu cabazitaxel. Cac nghién ciru V& giai phong in vitro da chang minh
rang cac nanogel Pluronic F68-cholesterol dugc nap cabazitaxel c6 dic tinh giai
phong cham va gy doc té bao manh hon so véi dung dich cabazitaxel duoc nang
hoa boi Tween 80 [165].

Cho dén nay nhiing két qua nghién cau sir dung Pluronic F108 nhu mot tac
nhan phan phdi thude chua duoc cong bd nhiéu. Mot nghién ciu vé Pluronic F108
da dugc Wang va cong sy (2012) st dung nhu mot chat phan tan cho éng nano
carbon gitp bao vé cac 6ng nay khoi 1am hong mang lysosomal trong qué trinh diéu
tri bénh nhan xo héa phoi [166].

Nhom Pluronic thir hai bao gdm cac loai Pluronic nhu Pluronic L64 va
Pluronic L35. Cac polymer trong nhém nay c6 PEO va PPO nhé nhat, khéng chi
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mang lai cho cau trdc nano kha nang tu lap rap trong méi trudng nudc ma con mang
lai cho chung kich thudc phi hop va cau tric 6n dinh hon [167].

Magalh&es va cong sy (2018) da phat trién mot loai hé thong nanogel trén co
s& Pluronic L64 va polymer PEI dé phan phdi gen miR-145 dén vi tri khéi u ung
thu xwong. Trong d6, Pluronic L64 c6 vai trd tao ra cac nangel c6 kha ning tu lap
rap trong moi truong nude, déng thai ¢d kich thudc phl hop va cau trdc on dinh,
tranh duoc su bat gitr khong dic hiéu caa hé thong ludi néi mo. Trong khi do,
polymer PEI da giup ting cudng sy hap thu cia té bao théng qua con dudng noi tiét
[168].

Li va cong su (2015) da thiét ké mot hé thong phan phdi thube theo phuong
thire ddng trung hop khéi bao gom poly(L-lactide acid) (PLLA) va Pluronic L35
(L35) vé6i cau tric PLLA-L35-PLLA dé tao thanh nanogel nhay nhiét mang
docetaxel va oxaliplatin. Pluronic L35 khong chi cai thién sinh kha dung va thoi
gian luu thdng mau cia nanogel ma con giam doc tinh toan thén, tir d6 nang cao
hiéu qua tiéu diét khéi u va mang lai d6 an toan cao hon. R& rang, hé théng phan
phéi thudc cao phan tu dwa trén Pluronic L35 dua ra mot chién lugc méi dé diéu tri
ung thu rudt két nhu mot hé thong phan phéi thude kép cé kiém soat [169].

Nhom Pluronic thit ba bao gom cac loai Pluronic nhu Pluronic L85, Pluronic
P105 va Pluronic L61. Pic diém cua cac loai Pluronic nhdm nay la kha ning hoa
tan va tu lap rap caa ching trong nuéc duoc sir dung dé tai cac thude ky nudc. Hon
nita, chung c6 wu diém 4 tidu thu ATP trong té bao ung thu khang da thuéc (MDR)
dé rc ché dong P-gp di ra ngoai, ddng thoi gitp kéo dai thoi gian luu thong trong
méu cua thudc ma ching phan phéi [170].

Pelosi cuing cong su (2019) di diéu ché nanogel bing cach phdi tron hai loai
Pluronic P85 va Pluronic F127—biotin mang dong thoi thuéc temozolomide va chat
cam quang verteporfin dé diéu tri u nguyén bao than kinh dém (GBM) theo liéu
phap sinh hoc va liéu phap quang dong (PDT). Ca hai Pluronic nay c6 thé tu lap rap
thanh céc cac nanogel 16i-vo trong nudc, chira cac loai thudc ky nudc, bao vé céc
loai thudc nay khoi su thoéi hda va thanh thai qua than, do dé cai thién tinh chon loc
cua cac loai thubc nay ddi voi cac khdi u théng qua viéc ting cuong tinh tham va
luu giit (EPR). Trong s6 d6, F127-biotin c6 kha niang twong thich sinh hoc tét nén
c6 thé duoc té bao ung thu va tham chi ca té bao u nguyén bao than kinh dém hap
thu. Tuy nhién, hang rao mau ndo (BBB) kiém soat su ra vao cua cac chat dén nio,
gy kho khin cho viée diéu tri cac khdi u ndo. Diéu dang noi 1a P85 co thé gdy man
cam hiéu qua véi P—glycoprotein va vuot qua BBB, do d6 lam ting su hap thu c6
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chon loc cua céc té bao ung thu. Do do, cac hé thdng phan phdi thudc polymer dwa
trén Pluronic P85 va F127—biotin da dong mot vai trd quan trong trong viéc diéu tri
hiéu qua GBM thdng qua cac chién luoc diéu tri két hop PDT/hda tri liéu [171].

Niu cting cong su (2020) da diéu ché cac nanogel dya trén Pluronic P105 da
nang duoc chuc niang hoéa bang glucose va folic acid dé ting cuong phan bd nio.
Chat phan phdi glucose 1 (GLUT1) tap trung nhiéu & cdc mach mau nao, do d6
glucose trong cac nanogel nay khong chi dap @ng nhu cau ning lwong ctia ndo ma
con c6 thé di qua BBB mat cach hiéu qua. Pong thoi, cac thu thé folate (FR) duoc
biéu hién qua muc trong cac té bao ung thu va do d6 phu hop vai céc loai thude
nhiam muc tiéu vao ndo. Ngoai ra, Pluronic P105 cd kha ning tiéu thu ATP trong
c4c té bao ung thu MDR dé uc ché dong P—gp, thuc day cac nanogel mang DOX
nhim muc tiéu kép dé giai phong thudc trong ndo. Hé thong phan phdi thudc dua
trén Pluronic P105 nay c6 thé cung cap nhiing ¥ tudéng mai cho céc loai thudc nham
muc tiéu kép va phwong phap diéu tri chdng khéi u tét hon [172].

Zheng va cong su (2019) da thiét ké mot loat cac nanogel nhay cam véi pH
bang céch lién két ngang cac polymer ty nhién vai céc tac nhan lién két ngang dua
trén orthoester. Céac tac gia da diéu ché hai thanh phan bao gém pullulan
methacrylate (Pullulan-M) lam tac nhan lién két ngang va Pluronic L61 bién doi
orthoester khdng bén véi acid (L61-MOE). Pluronic L61 khéng chi mang lai cho
nanogel kha niang twong thich sinh hoc tot ma con ¢ thoi gian luu théng mau dai va
khong 1am hong cac mé binh thudng. Véi tat ca nhimg diéu ndy, hé thong phan
phdi thudc cao phan tir dya trén Pluronic L61 cho thdy tiém ning tuyét voi dé sir
dung trong nanogel nhay cam pH va liéu phap diéu tri khdi u dich [173].

Nhom Pluronic tht tu bao gdm cac loai Pluronic P123 va Pluronic L121.
Dic diém cua céc loai Pluronic nhém nay 1a ching c6 chudi PPO dai nhat nén tinh
ky nuéc cua ching 16n hon va ching duoc st dung rong rai nhat 1am chat mang dé
nang héa thubc. Hon nita, chiing ciing c6 loi thé 1a tiéu thu ATP trong céc té bao
ung thu da khang thudc (MDR), gilp tc ché dong P—glycoprotein (P—gp) [174].

Wang cling cong su (2017) da thiét ké mot loai nanogel ¢ kha ning phan
tng oxi hoa khir tir ba thanh phan bao gom polyethylene glycol (PEG), Pluronic
P123 va polyethylenimine (PEI) dé tao thanh PEG-SS—P123—PEI thdng qua cau
ndi lién két disulfide. Cac nanogel ndy c6 kha ning ty lap rap thanh cac micelle
cation trong moi truong nudc, sau d6 nang héa PTX va siRNA thong qua tuong tac
Ky nudc va twong tac tinh dién dé tao thanh cac micelle cation ¢ kha ning phan
tng oxi hoa khtr véi glutathione (GSH). Polymer PEI c6 thé duoc sir dung dé sta
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ddi P123 (duoc goi la PEI-P123) dé cung cap cac dic tinh cation va PEG duoc st
dung dé tao thanh mang ludi micelle bao vé 6n dinh vé mit khong gian c6 kha ning
vuot qua hang rao sinh Iy. Ngoai ra, P123 khéng chi dugc st dung 1am chit mang
thudc ma con duoc sir dung dé 1am can kiét ATP nhanh chéng, noi né déao nguoc
MDR mét c4ch hiéu qua ca in vivo va in vitro. Do d6, su phan cit cac lién két
disulfide trong méi trudng khir gidu GSH cua cac té bao khdi u khong chi thuc day
giai phong PTX va siRNA ma con kich hoat su can kiét ATP. Hé thong phan phéi
thudc dwa trén Pluronic P123 1 lya chon hitu ich d6i voi céc bénh ung thu nhay
cam véi oxi hoa khir hiéu qua va dé khiac phuc MDR [175].

Cheng cuing cong su (2020) da thiét ké mot loai nanogel nhay cam vai pH tir
Pluronic P123 lién két véi a—tocopherol succinate (0-TOS) thdng qua lién két
orthoester (OE) khdng bén vai acid. Cac nanogel c6 do nhay do acid kich hoat va c6
thé duoc sir dung dé nham muc tiéu giai phong thudc trong khu vuc khéi u va ciing
cd thé dugc str dung dé dao ngugc MDR. Két qua 1a cac nanogel c6 tac dung tc ché
khdi u tt. Diéu nay dan dén hiéu qua 6n dinh va chéng pha lodng mau tét hon,
dong thoi giap tich liy va luu giir thude trong cac té bao MDR, do d6 lam tang kha
ning gay doc té bao va qué trinh chét theo chuong trinh khi so sanh véi cac phuong
phap truyén thong. Nhiing phat hién nay chi ra rang cac hé thong phan phdi thuéc
dwa trén Pluronic P123 c6 thé duoc st dung hiéu qua cho cac phuong phap diéu tri
ung thu nhay cam véi pH vuot qua MDR [176].

Lim cung cong su (2018) da diéu ché mot hé nanogel bang cach phéi tron hai
loai Pluronic L121 va F127, trong d6 Pluronic F127 dugc lién két véi phéi tir nhim
muc tiéu tripeptide cyclic arginine-glycine-aspartate (CRGD). Cac hat nanogel nay
mang lai mot s6 loi ich bao gdm kha ning ting hap thu té bao ung thu, ting hoat
dong chéng ung thu va hd tro tich liy thudc docetaxel (DTX) hiéu qua [177]. Nhu
vay, dbi vai nhém Pluronic thi tu, cac loai Pluronic thuong duoc bién tinh hda hoc
hodc phdi tron vai cac loai polymer hoic Pluronic khac cé gia tri HLB cao dé cai

thién thoi gian luu thong ciia nanogel trong co thé.

Nhu vay, trong s6 bdn nhém Pluronic néu trén, cac Pluronic nhém thi nhat
Ia loai Pluronic wu nudc, dong vai tro trong viéc cai thién thoi gian Iuu thong cua
nanogel trong co thé va thuong duoc phdi tron véi cac loai polymer c6 HLB < 20
hodc bién tinh héa hoc véi thanh phan uu béo dé ting cudong kha ning nang hoa
thudc ky nuée. Cac Pluronic thuoc nhém thir hai ¢é khéi lwong phan tir thap thuong
duoc bién tinh véi cac loai polymer khac dé ting kich thuéc micelle va ting kha
nang phan phdi thuc va gen. Cac Pluronic thuéc nhém thir ba va tht tu co gia tri
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HLB < 20 c6 kha nang tiéu thu ATP trong cac té bao ung thu da khang thudc
(MDR), gilp ¢ ché dong P—glycoprotein (P—gp) va thuong dwoc phdi tron hoac
bién tinh hoa hoc véi cac loai polymer c6 gia tri HLB > 20 dé cai thién thoi gian luu
thdng ciia nanogel trong co thé.

1.5. Pinh hwéng nghién cieu hé phan phéi thuéc nanogel trén co sé
chitosan ghép Pluronic

1.5.1. Nhéng nghién cizu hé phan phéi thuéc nanogel chitosan ghép
Pluronic

Mot trong nhitng bt loi cua viéc st dung Pluronic 1am micelle phan phéi
thudc 12 kha ning 6n dinh cua micelle trong dung dich nuéc kém. Vi 1a loai
polymer nhay nhiét nén khi nhiét ¢6 dung dich thip hon nhiét d6 dung dich t&i han
dudi cua Pluronic thi cac micelle sé phan tach thanh cac monomer phéan tan trong
nuéc. Dé ting cudong do 6n dinh cua micelle, cac Pluronic thudng dugc lién hop
hoa hoc véi cac loai polysaccharide nhu alginate, hyaluronic acid, cellulose,
chitosan hoac protein nhu gelatin,.... Viéc lién hgp hoa hoc nay gilp cho cac phan
tir Pluronic duoc gin két trong cuing mot khéi véi phan ti polysaccharide, tir d6 cac
phan tir Pluronic khong bi phan tan & nong do thap va luu giit cac phan tir thude ky
nudc bén trong 16i micelle. Trong sb céc loai polysaccharide lién hop hoa hoc véi
Pluronic, chitosan dugc danh gia 1a mang lai hiéu qua cao trong viéc phan phdi
thudc. Cac micelle tao thanh tir chitosan lién hop véi Pluronic c6 do bén va do 6n
dinh cao hon cac polysaccharide mang dién tich &m nhu nhu alginate, hyaluronic
acid.... Piéu nay 1a do chitosan mang dién tich dwong con Pluronic mang dién tich
am nén cac micelle tao thanh cd su twong tac tinh dién co thé ting cudng hiéu qua
nang hoa thudc thong qua céc twong tac tinh dién va ky nuéc cua hé nanogel va
thudc dugc nang hoa. Trong mdi trudng nude co tinh acid, chitosan bi proton hoa
tao thanh 16p vo bao boc khéi PPO ky nudc cua Pluronic bén trong 16i micelle.

C6 nhiéu phuong phap khac nhau dé diéu ché céc hat nanogel chitosan ghép
véi Pluronic, tuy thudc vao modi phuong phap ma cac micelle tao thanh c6 cac dic
diém hoa ly khac nhau. Park clng cong su (2008) di tién hanh ester héa mot dau
Pluronic F127 dé tao thanh Pluronic F127—carboxylate va sau dé lién hop V6i
chitosan c6 khéi luong phan tir 300 kDa, d6 deacetyl héa 75-85% véi x(c tac
EDC/NHS (Hinh 1.11). Céac hat nanogel nay nang hoa indomethacin (IMC) vai
duong kich dong hoc 120 nm c6 do 6n dinh trong moi truong nudce va dat dugc muc
d6 giai phong IMC bén virng so véi cac nanogel Pluronic F127 don 1 [178].
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Hinh 1. 11. So d6 tong hop chitosan-Pluronic F127 [178].

Mot phuong phép khic dé hoat hoa Pluronic F127 truéc khi lién hop Véi
chitosan da dugc Nguyen cling cong su phat trién (2016). Pluronic F127 dugc hoat
hoa véi 4-nitrophenyl chloroformate (NPC) & hai d¢au mach, sau d6 khoa mot dau
phan tir Pluronic F127-dicarbonate bang 3-amino-1-propanol. Phan ang amide hoa
gitra chitosan va Pluronic 127 monocarbonate tao thanh chitosan lién hop Pluronic
F127 (Hinh 1.12). Céc hat nanogel nay nang hoa curcumin cé d¢ 6n dinh tét, khéng
thay d6i mau sic dic trung va khong bi tach pha sau 1 thang bao quan [179].
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Hinh 1. 12. So d6 tong hop chitosan-Pluronic F127 [179].
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Zhang cung cong su (2010) da tién hanh ester hoa hai diu mach Pluronic
F127 dé tao thanh Pluronic F127 dicarboxylate, sau d6 lién hop véi céc phan tu
oligochitosan & hai dau mach Pluronic F127 (Hinh 1.13). C4c hat nanogel ndy mang
ethidium bromide duoc té bao ung thu vii (MCF-7) hap thu manh hon so véi té bao
lanh (C3H10T1/2). Bac biét, cac vién nang nanogel nay co6 kich thuéc ~37 nm ¢ 37
°C va tang 1én ~240 nm khi 1am lanh xuéng 4 °C, do d6 cac vién nang nanogel nay
c6 kha ning giai phong ethidium bromide dugc kiém soat bai nhiét do [180].
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Hinh 1. 13. So d6 tong hop oligochitosan-Pluronic F127 [180].

Xu va cong su (2021) da dwa ra mot phuong phap khac diéu ché nanogel
chitosan lién hop Pluronic L61 nhay cam véi pH. Dé tao ra cac hat nanogel nay,
Pluronic L61 duoc bién tinh vai ortho-ester (OE) khdng bén acid dé tao ra Pluronic
L61-OE, sau d6 phan ¢ng véi disuccinimidyl carbonate (DSC) dé tao thanh
Pluronic L61-OE-SC. Chitosan phan wng Pluronic L61-OE-SC tao thanh
CS-OE-L61 dé nang hda DOX (Hinh 1.14). Céac hat nanogel CS—OE-L61 mang
DOX c6 kha ning hap thu cac té bao ung thu gan (Hep G2) va (H22), sau dé giai
phong DOX va Pluronic L61 trong té bao chat do lién két ortho-ester bi phan huy.
Ngoai tic dung gay doc té bao do DOX gay ra, Pluronic L61 ciing c6 tic dung gay
doc té bao. Trong thtr nghiém phan phéi thudc in vivo da chirng minh rang céc hat
nano L61-OE—CS/DOX c6 thé kéo dai thoi gian luu théng DOX va cai thién hiéu
qua ndéng do6 DOX tai c4c vi tri khdi u. Do d6, cac hat nanogel nhay cam véi pH dua
trén Pluronic L61 va chitosan c6 tiém ning to 16n trong viéc sir dung nhu vat lidu
phan phdi thudc dang nanogel dé diéu tri khdi u hiéu qua [181].
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Hinh 1. 14. So d6 tong hop chitosan-Pluronic L61 [181].

Kim va cong sy (2010) di dwa ra mot phuong phap khac diéu ché nanogel

chitosan lién hop Pluronic F68 hoac Pluronic F127. Cac loai Pluronic dugc phan
g V&i acryloyl chloride dé tao thanh cac dan xuat Pluronic diacrylate. Bén canh

do, chitosan ciing dugc phan ung véi glycidyl methaacrylate dé tao thanh chitosan
acrylate (Hinh 1.15). Cac hat nanogel chitosan lién hop véi cac Pluronic dugc tao ra
tur phan tng Michael gitra Pluronic diacrylate va chitosan acrylate. Su lién hop
chitosan véi Pluronic da lam ting dang ké sy hap thu té bao ung thu biéu mo
(SCC-7) cua chung so vai cac hat nanogel tir Pluronic [182].
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Hinh 1. 15. So d6 tong hop Pluronic F127/F68 diacrylate va chitosan acrylate
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Nhu vay cho dén nay, ¢ nhiéu phuong phap khac nhau dé diéu ché nanogel
chitosan lién hop véi Pluronic. Cac hat nanogel duoc tao ra bang cach ghép mot dau
phan tir Pluronic 1én mach chitosan [178, 179]. P6i v6i phuong phap nay, co thé
ghép duoc nhiéu phan ti Pluronic 18n cing mot mach chitosan va cé thé khdng ché
kich thugc hat mong muédn bang cach thay d6i ham luong Pluronic. Céc hat nanogel
phan tan tét trong moi trudng nudc va khong bi két tu. Cac hat nanogel ciing duoc
tao ra bang cach ghép hai dau mach phan tir Pluronic 1én hai phan t chitosan [180,
181]. Pdi v6i phuong phéap nay, viéc khong ché kich thudc hat nanogel tro nén kho
khin vi Pluronic déng vai trd nhu tic nhan lién két ngang, lién két cac phan tu
chitosan vé&i nhau. Ngoai ra, cac hat nanogel ciing dugc tao ra bang phan tng
Michael sau khi Pluronic va chitosan dugc acrylate hoa [182]. Pdi v6i phuong phap
nay, Viéc tao ra cau tric 18i - vo (core - shell) tré nén kho khan vi c6 kha ning xay
ra phan tng khau mach gitra cac phan ta chitosan.

Nhu vay, véi phuong phap ghép cac phan tir Pluronic 1én cing mot mach
chitosan 14 phuong phap duoc danh gia 13 don gian va hiéu qua nhat va chi duoc
nghién ctu ddi véi Pluronic F127. Bé danh gia kha nang phan phdi thuc Ky nudc
cua nanogel chitosan ghép vai Pluronic tir cac loai Pluronic khac nhau dugc thuc
hién trén cing mot phuong phéap diéu ché, ching toi lya chon 4 loai Pluronic véi
cac gia tri HLB khac nhau trong cac nhém Pluronic da dugc phén loai & trén bao
gdm Pluronic L61 (HLB=3), P123 (HLB=8), F127 (HLB=22) va F68 (HLB=29).
Viéc lra chon phdi tir cho cac hat nano mang thudc diéu tri ung thu phu thudc vao
muc dich diéu tri ting loai khdi u, 6 6n dinh cac hat nano mang thudc, va gia thanh
san pham. Di véi cac hat nanogel trén co s chitosan ghép Pluronic c6 kich thudc
trung binh tir 100 dén 200 nm phu hop véi phan phdi thuéc nhim muc tiéu thu
dong. Cac phdi tir protein tuy c6 d6 dic hiéu cao nhung c6 kich thude I6n va khéng
6n dinh va néu két hop voi céc hat nanogel chitosan ghép Pluronic sé& lam ting kich
thugc hat dang ké, do d6 can tré luu thong cua cac hat nanogel trong mach mau.
Cac phdi ttr peptide va aptamer c6 tinh dic hiéu cao, kich thuéc nhd nhung chi phi
cao. Céc phéi tr thuoc nhém phan tir nho nhu acid folic, biotin c¢6 kich thuéc nho,
chi phi thap. Cho dén nay, céc phdi tu folic acid va biotin chi dwoc str dung nhu tac
nhan nhiam muc tiéu cha dong cho cac hat nanogel chitosan va Pluronic don 16.
Trong khi d6, cac hat nanogel chitosan ghép Pluronic sir dung folic acid va biotin
lam tac nhan nhim muc tiéu chu dong chwa duoc nghién ciu. Chinh vi vay, folic
acid va biotin 1a lya chon 1am phdi tir nhdm muc tiéu cho cac hat nanogel chitosan
ghép Pluronic can duoc nghién cau.
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1.5.2. Lwa chgn tac nhan nang hoa cho nanogel chitosan ghep Pluronic

Trong nghién cau nay, ching toi tién hanh thir nghiém kha nang chdng ung
thu cua cac hat nanogel chitosan ghép Pluronic trén dong té bao ung thu va
MCF-7. Bé danh gia kha ning tai cac hoat chat sinh hoc cé tinh ky nudc cua
nanogel chitosan ghép Pluronic, chdng tdi lya chon hai tac nhan ky nudc la
curcumin va paclitaxel.

Curcumin  (1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione)
(Hinh 1.16), con duoc goi la diferuloylmethane, 1a polyphenol tu nhién chinh dugc
tim thay trong than ré cua Curcuma longa (ngh¢). Curcuma longa da duoc st dung
theo truyén théng ¢ cac nude chau A nhu mét loai thao moc y té do dic tinh chéng
oxy hoa, chdng viém [183]. Trong nhimg nim gin day, cac nghién ciru da chi ra
ring CUR c6 thé tic ché su tang sinh va tdn tai, gay chét té bao apoptotic va khong
apoptotic, dong thoi giam sy xam 1an va di chuyén cua céc loai té bao ung thu 4c
tinh [184]. Théng qua viéc diéu chinh sy biéu hién cua cac gen lién quan dén qua
trinh chét té bao theo chuong trinh, CUR gay ra hién tuong tu chét & mac do cao &
c4c té bao ung thu va & nguoi [185]. Mic du loi ich duoc béo cdo cua né théng qua
cac co ché chéng viém va chdng oxy héa, nhung mot trong nhitng van dé chinh khi
hap thu curcumin 1a kha dung sinh hoc kém, chii yéu 1a do hap thu kém, chuyén hoa
nhanh va dao thai nhanh.

Paclitaxel (PTX) la mot alkaloid (Hinh 1.16) va 1a mét loai thudc chdng ung
thu c6 tac dong dén su on dinh cua céc vi ng, dai dién cho mot tac nhan hoa tri liéu
duoc sir dung rong réi trong nhiéu bénh ung thu. Tac dung cua PTX nhu mot loai
thudc chdng phan bao d3 dugc ghi nhan trong mot sé luong I6n cac nghién ctu
[186-188]. Hon nita, cic co ché hoat dong cua PTX lién quan dén viéc tc ché su
phat trién cua khéi u cd thé hoat dong & cac mirc do khac nhau. Trong nhitng nghién
ctru ndy, PTX bit dau mot chudi cac con duong tin hiéu dan dén chét té bao theo
chuong trinh [189, 190]. Hon nita, PTX c6 thé gay ra nhiéu anh hudng tich cuc dén
viéc diéu chinh phan tng mién dich théng qua viéc diéu chinh cac chemokine,
cytokine hoic té bao mién dich [191, 192]. Su khang thudc cua té bao ung thu va
dbi v&i PTX 1a nguyén nhan dan dén két qua 1am sang toi té hon cho bénh nhan mac
ung thu va [193, 194]. Thach thuc toan cau trong viéc &4p dung PTX nhu mot tac
nhan hoa trj liéu chong ung thu chiém wu thé 1a giam tac dung phu va ting hiéu qua
str dung thudc.
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Curcumin Paclitaxel

Hinh 1. 16. Céu tric hda hoc cua curcumin va paclitaxel.

Trong nghién ciu ndy, ching tdi lva chon CUR 1a tic nhan dé danh gia kha
nang nang hoa cuia cac nanogel chitosan—Pluronic vai cac loai Pluronic khac nhau
(L61, P123, F127 va F68) vi tinh kém hoa tan cua no trong moéi trudng nude, dong
thoi danh gia hoat tinh chdng ung thu cua né trén dong té bao ung thu va MCF-7.
Chung t6i lua chon PTX dé danh gia kha ning nang hoa thudc cua céc hat nanogel
chitosan—Pluronic nhdm muc tiéu cha dong vi tinh hoa tan kém cuaa no trong nudc
va nham cai thién tinh khang da thudc cia n6 di véi té bao ung thu vit MCE-7.
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CHUONG 2. THUC NGHIEM

2.1. Hoa chit va thiét bi

2.1.1. Hoa chat

Céc hoa chat dugc st dung cho luan an nay 1a hoa chat tinh khiét bao gom
bao gém chitosan (50494), Pluronic L61 (435422), Pluronic P123 (435465),
Pluronic F127 (P2443) va Pluronic F68 (K4894), curcumin (C1386), paclitaxel
(T7402), di-tert-butyl dicarbonate (205249), acid folic (F7876) va biotin (14400)
dugc mua tur Sigma Aldrich (My). 1-ethyl-3-3-dimethylamineopropyl carbodiimide
(10397490), N-hydroxysuccinimide (11494063), dicyclohexyl carbodiimide
(11320370), 4-Nitrophenyl chloroformate (10657554), 3-Amineo-1-propanol
(10794781) va ethylenediamine (11460083) dugc mua tir Thermo Scientific (MY).

Cac dung méi tinh khiét bao gém Dimethylsulfoxide, N,N-
Dimethylformamide, chloroform, diethyl ether, ethanol, methanol, acid
trifluoroacetic dwoc mua tir Fisher BioReagents (My).

2.1.2. Dung cu, thiét bi thi nghigm

Dung cu thi nghiém bao gém céc dung cu thity tinh nhu binh cau ba cb, céc,
diia.... Thiét bi thi nghiém bao gém: can phan tich, may khudy tir gia nhiét, may loc
hit chan khdng, ta hat, bo cat quay, hé théng dong kho. ...

2.1.3. Thiét bi phan tich tinh chdt va cdu tric cia vat liéu

Phé hong ngoai FT—IR: duoc thuc hién trén may quang pho hong ngoai
bién d6i FT-IR, PerkinElmer Frontier, tai Vién Khoa hoc Vat liéu Ung dung, Vién
Han 1am Khoa hoc va Cong nghé Viét Nam. St dung ché do do do truyén qua véi
dai s6 s6ng tir 4000 — 400 cm'L, sé diém 3601, s6 lan quét. Mau duoc chuan bi bing
cach nghién min véi bot KBr theo ty 16 5 - 10 pg chat/lgam KBr va ép thanh mang
trong sudt.

Phé cong hwong tir hgt nhan 'H-NMR: dugc do trén miay BRUKER
ADVANCE — 500M cua Bac tai Phong phan tich cu tric - Vién Hoé hoc - Vién
Han Lam Khoa hoc va Cong nghé Viét Nam. Mau duoc phan tich & tan s6 500
MHz, dung mdi CDCls, DO va DMSO-d6, chat chuan noi TMS.

Phan tich nhiét quét vi sai (DSC): két qua phan tich nhiét DSC duoc thuc
hién trén may Setaram Labsys Sta tai Trudng dai hoc Su pham K thuat thanh phé
HO Chi Minh duoc st dung dé ching minh Pluronic ghép thanh céng 1én mach
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chitosan. Cac mau duoc quét ¢ nhiét do dao dong tir 30 dén 450 °C véi tc do gia
nhiét 10 °C/phut. Khéi lugng mau khoan 10 mg.

Phén tich nhiét trong luong (TGA): duoc thuc hién trén may phan tich nhiét
TGA - DSC, Mettler Toledo, tai Vién Khoa hoc Vit liéu Ung dung, Vién Han 1am
Khoa hoc va cong nghé Viét Nam. Cac mau duoc quét & nhiét do dao dong tir 30
dén 450 °C véi toe do gia nhiét 10 °C/phat. Khéi lwong mau khoang 10 mg.

Kich thuéc hat (DLS) va dién thé zeta: gia tri DLS va thé zeta cua nanogel
duoc do bang may HORIBA SZ-100-S2, Nhat Ban, tai Vién Khoa hoc Vat liéu Ung
dung, Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Diéu kién do DLS: mau
duoc phan tan trong mdi truong nudc DI & ndng ¢6 1000 ppm, goc tan xa 90, nhiét
do 25 °C va 37 °C. Diéu kién do thé Zeta: miu duoc phan tan trong mdi truong
nuéc DI & ndng d6 1000 ppm, nhiét 6 37 °C. Céc thi nghiém duoc thuc hién 3 lan.

Kinh hién vi dién tir (TEM): hinh thai cua céc hat nanogel dugc xac dinh
bang kinh hién vi dién tu truyén qua TEM, JEM 1010 (JEOL, Japan), Dai hoc Béch
khoa, Thanh phé Ho Chi Minh va Vién Vé sinh dich t& Trung wong.

Quang phé hdp thu UV-Vis: Gia tri d6 hap thu tir ngoai cua cac dung dich
nanogel & cac nong dd khac nhau dugc do bang may quang phé UV-Vis, Shimadzu
UV-2401, Tokyo, Nhat Ban, tai Vién Khoa hoc Vat liéu Ung dung, Vién Han 1am
Khoa hoc va Cong nghé Viét Nam.

2.2. Thwc nghiém

2.2.1. Tong hep chitosan — Pluronic (CS—Pluronic)

Qua trinh téng hop chitosan — Pluronic trai qua ba giai doan bao gom: hoat
hoa hai dau hydroxyl cua Pluronic véi 4-Nitrophenyl chloroformate (NPC) dé tao
thanh NPC—Pluronic—NPC; c4c phan tt NPC—Pluronic—NPC duoc thay thé mot
phan tir phenylcarbomate & mot dau mach boi phan tir 3-Amine-1-propanol dé tao
thanh phén td NPC—Pluronic-OH; ghép phan tt NPC—Pluronic—OH 1én mach
chitosan dé tao thanh CS—Pluronic. Quy trinh téng hop duoc thyuc hién theo luu dd
Hinh 2.1.
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Hinh 2. 1. Luu dd quy trinh tong hop CS—Pluronic.

Tong hop Pluronic dinitrophenylcarbonate (NPC—Pluronic—NPC): trong
nghién ctu nay, bén loai Pluronic L61, P123, F127 va F68 duogc st dung dé hoat
hoa hai dau hydroxyl cua Pluronic véi 4-Nitrophenyl chloroformate (NPC). Phuong
phap hoat hoa Pluronic béi NPC da duogc bao cao trude day [179]. Ham lugng cac
chat tham gia phan tmg duoc cho trong Bang 2.1. Quy trinh tong hop duoc thuc
hién theo Iuu dd Hinh 2.1 tir bude (1) dén (4). Lam néng chay luong Pluronic can
phan ng trong binh cau 3 c6, khudy trong 30 phut trong méi trudng chan khong &
nhiét 4o 65 °C dé loai bo hoan toan hoi am. 4-Nitrophenyl chloroformate (NPC) voi
khéi luong can thiét dugc thém vao dé hoat héa Pluronic trong méi trudng khi N2
trong thoi gian 6 gio. Khi hdn hop phan tng dugc 1am ngudi dén nhiét @6 phong,
pha lodng hdn hop phan tng bang 10 mL chloroform va tiép tuc khudy hdn hop
phan ung trong thoi gian 12 gio. Hon hop phan tng duoc lam sach luong NPC con
du bang hdn hop dung méi hexane:diethylether (1:1) lanh va thu hdi san pham bang
cd quay chan khong dé loai bo hoan toan dung méi. Cau tric san pham duoc Xac
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dinh bang phuong phép phd cong hudng tir hat nhan *H-NMR va quang phd hong
ngoai bién d6i FT—IR. Dya trén két qua phan tich phd *H-NMR, hiéu suat hoat hoa
Pluronic bai NPC dugc tinh toan dya trén céng thue (1) [195].

SH(=cHy)
SH(=cH=)
Y H(=CH;3)
YH(—CH =)

% NPC =

x 100 (1)

Trong do6, Sy(—cu,) la dign tich peak cua proton nhom —CHs cua phan tir
Pluronic, Sy(—cu=y la di¢n tich peak cta proton nhom —CH= cua phan t NPC,
> H(—CH; ) la tong s6 proton nhém —CHs cua phan tir Pluronic, Y H(—CH =) la
téng sé proton nhdm —CH= tai mot vj tri vong benzen cua phan ti NPC.

Bang 2. 1. Ham luong Pluronic va NPC tham gia phan tng.

. . Luong Pluronic tham gia Luong NPC tham gia
Tén san pham
phan ung phan ung
NPC-L61-NPC 5 gam (2,5 mmol) 1142 mg (5,5 mmol)
NPC-P123-NPC 10 gam (1,73 mmol) 788 mg (3.79 mmol)
NPC-F127-NPC 10 gam (0,793 mmol) 363 mg (1,746 mmol)
NPC-F68-NPC 10 gam (1,19 mmol) 555 mg (2,61 mmo)

Tong  hop  4-nitrophenylcarbonate-pluronic-3-hydroxylpropylcarbamate
(NPC—Pluronic—OH): véi bbn loai Pluronic L61, P123, F127 va F68 sau khi hoat
héa hai dau mach véi NPC, cac phan tir NPC—Pluronic—-NPC dugc thay thé mot
phan tir phenylcarbomate & mot dau mach béi phan tir 3-Amine-1-propanol dé tao
thanh phan tir NPC—Pluronic—OH. Phuong phap thay thé mot phan tir NPC bang 3-
Amineo-1-propanol tir NPC—Pluronic—NPC da dugc bao cao trudc day [179]. Ham
lugng cac chat tham gia phan tng duoc cho trong Bang 2.2. Quy trinh tong hop
duoc thyc hién theo luu do Hinh 2.1 tir budc (5) dén budc (6). Hoa tan lwong
NPC—Pluronic—NPC can phan tng trong 15 mL chloroform. 10 mL dung dich
chloroform chira lwong 3—Amine—1—propanol can thiét dugc nho tir tir vao dung
dich NPC—Pluronic—NPC, phan tmg dugc khudy tron trong thoi gian 12 gio. Loai
bo dung méi cloroform, san pham duwoc tinh ché bang hdn hop dung moi
hexane:diethylether (1:1). lanh va thu hdi san pham bing c¢6 quay chan khong dé
loai bo hoan toan dung madi. Cau trdc san pham dugc xac dinh bang phuong phap
phd cong huong tir hat nhan 'H-NMR va quang phd hong ngoai bién d6i FT—IR.



39

Dua trén két qua phan tich phd tH-NMR, s6 luong nhém NPC con lai duogc tinh
toan dya trén céng thac (1) [195].

Bang 2. 2. Ham lugng NPC-Pluronic-NPC va 3-Amine-1-propanol tham gia
phan tng.

N . Luong NPC-Pluronic-NPC tham  Luong 3-Amine-1-propanol
Tén san pham

gia phan ung tham gia phan ung
NPC-L61-OH 4 gam (1.71 mmol) 131 pL (1.71 mmol)
NPC-P123-OH 8 gam (1.3 mmol) 100 pL (1.3 mmol)
NPC-F127-OH 8 gam (0.618 mmol) 47 pL (0.618 mmol)
NPC-F68-OH 8 gam (0.916 mmol) 70 pL (0.916 mmo)

Tong hop hé phan phéi thuoc chitosan—Pluronic (CS—Pluronic): Trong sé
bdn loai Pluronic khac nhau (L61, P123, F127 va F68), Pluronic P123 dwgc ching
minh 1a c6 kha ning tai thuéc chdng ung thu fluorouracil (5-FU) cao hon so véi
Pluronic F127 va F68 sau khi ghép Ién polyamidoamine dendrimer (G 4.0) [196].
Pé danh gia kha ning nang héa CUR cua cac hat nanogel CS—Pluronic, Pluronic
P123 duoc st dung dé khao sat ty 1& ghép toi uu 1én mach chitosan ciing nhu kha
ning nang héa CUR cao nhat. Tur ty I&é ghép nay, ching tdi tién hanh ghép céc
Pluronic (L61, F127 va F68) lén mach chitosan nham danh gid kha ning tai CUR
cua cac loai Pluronic sau khi ghép Ién chitosan. Ty Ié CS va NPC-P123—0OH dugc
trinh bay trong Bang 2.3. Quy trinh tong hop dugc thuc hién theo luu d6 Hinh 2.1
tir bude (7) dén bude (11). Can mot lugng CS can thiét hoa tan trong nudce DI bang
cach diéu chinh pH cua dung dich bang 5 véi dung dich HC1 0,1 N. Hoa tan luong
NPC—Pluronic—OH can thiét trong dung mdi ethanol. Nho tir tir dung dich
NPC-Pluronic—OH vao dung dich CS, phan tng dugc thuc hién trong 24 gio ¢
nhiét do phong. Dung dich sau phan tmg dugc tham tach qua mang Cellulose
MWCO 12000 — 14000 D trong nudc cat vai 10% ethanol dé loai bo p-nitrophenol
va NPC-Pluronic—OH chua phan @ng ra khoi san pham sau d6 tham tach lai trong
nuéc cat. Cudi cung dung dich sau tham tach duoc dong kho dé thu san pham
CS—Pluronic. Str dung phd tH-NMR va FT-IR dé xac dinh cau tric. Két qua phan
tich nhiét DSC duoc sir dung dé ching minh Pluronic ghép thanh cong 1én mach
chitosan.
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Bang 2. 3. Ty I¢ CS va NPC—P123—OH tham gia phan ng.

Ty Ié khéi luong

Tén cong thirc Khéi lugng CS Khéi luong P123
(CS/P123)

CS-P123 (1-5) 1.5 100 mg (0,56 mmol) 500 mg (0,083 mmol)

CS-P123(1-10) 1:10 100 mg (0,56 mmol) 1000 mg ( 0,165 mmol)

CS-P123(1-15) 1:15 100 mg (0,56 mmol) 1500 mg (0,247 mmol)

CS-P123(1-20) 1:20 100 mg (0,56 mmol) 2000 mg (0,330 mmol)

“S6 mol chitosan dwoc tinh theo sé mol don vi glucosamine

Str dung phuong phap TGA dé xac dinh phan trim luong chitsoan di tham
gia phan tng ghép véi Pluronic. Chitosan biéu hién ba giai doan suy thoéi. Giai
doan dau tién xay ra trong khoang nhiét do tir 50 dén 100 °C do su bay hoi cua do
am. Giai doan giam trong luong thir hai cua chitosan bat dau & 230 dén 400 °C va
giai doan cudi cung ma chitosan tiép tuc phan hay trén 400 °C [197]. Déi voi
Pluronic tai nhiét do trén 420 °C, tit ca cac loai Pluronic déu bi phan hay hoan toan.
Nhu vay, tai nhiét do t trén nhiét d6 phan hay cua Pluronic, phan con lai cua
chitosan-Pluronic dugc xem nhu thanh phan cia chitosan. Dya vao phan trim trong
lwong phan con lai ¢ nhiét d6 t cua chitosan-Pluronic va chitosan tinh khiét ta tinh
duoc phan trim khdi lwong chitosan di tham gia phan ¢ng ghép vai Pluronic theo
cong thace (2) [198].

% mg (nanogel)
%om, cs

% Mcsmanogel) = X100 (2)

Trong d6, %M, (cs—puuronicy V& % Me cs la phan tram trong lugng phan con
lai cta chitosan-Pluronic va chitosan tinh khiét.
Vay hiéu suat Pluronic da tham gia phan ung duogc tinh theo céng thic (3):

100 — %m
% H = 077lcs (nanogel) x 100 (3)

0,
Yom Pluronic(nanogel)

Trong d6 %Mpyronic 18 phan tram khéi lwong Pluronic tham gia phan ¢ng
ban dau.

2.2.2. Téng hep folate—chitosan—Pluronic P123 (FA-CS—-P123)

FA—-CS—P123 duoc tong hop theo luu d6 Hinh 2.2. Hoa tan 1 gam
CS-P123(1-10) trong 10 mL nudc DI ¢ nhiét @6 10 °C. Hoa tan 100 mg folic acid
(FA) trong 50 mL dung méi DMSO, 35 mg EDC va 52 mg NHS duoc thém vao dé
hoat héa nhom cacboxyl cua FA trong thoi gian 30 phat. Nho tur tir dung dich
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CS—P123(1-10) vao dung dich FA, phan tmg duoc thuc hién 24 h trong béng tdi.
Tién hanh tham tach hdn hop phan @ng bang mang Cellulose (MWCO=12000-
14000 Da) trong dém phospate pH 7.4 dé loai bo hoan toan FA chua phan ung ra
khoi san pham, sau d6 tham tach lai trong nudc cat trude khi dong kho thu san
pham. Céu tric FA—CS—P23 dugc xac dinh bang bang H-NMR va FT-IR.

FA, EDC, (2) Hoa tatn trong nuGc DI
NHS, DMSO 610 °C

(1) Hoa tan hoan toan FA (3) Khudy & nhiét dé (4) Tham tach bang mang

trong DMSO, sao d6 hoat > . L ™| trong dém PBS 7.4, sau d6
e , phong trong 24 gio ong de v .

héa boi EDC/NHS 30 phut tham tach lai trong nudce cat

Y

Phén tich 'H-NMR, . .
FT.IR - (5) bong kho

Hinh 2. 2. Luu db quy trinh tdng hop FA—CS—P123.

2.2.3. Tong hep chitosan—Pluronic P123—folate (CS—P123—FA)

Qua trinh tong hop CS—P123-FA trai qua ba giai doan bao gdom: bao vé
nhém chirc —NH; va lién hop véi EDA cua phan tor FA dé tao ra BOC—-FA-NH;
thay thé nhdm NPC cua phan tir NPC—P123-NPC dé tao ra BOC—FA—P123-NPC;
ghép phan tir BOC—FA—P123-NPC lén mach CS d6ng thoi pha ~BOC dé tao thanh
CS—P123—FA. Quy trinh tong hop duogc thyc hién theo luu do Hinh 2.3.

Tong hop BOC—FA—NH>: quy trinh tong hop duoc thuc hién theo luu dod
Hinh 2.3 tir bude (1) dén budc (6) theo hai giai doan. Giai doan mét, tién hanh hanh
bao vé nhdm chir —NH> cua phén to FA duoc thuc hién theo bao cao trudc day
[199]. Hoa tan 1 gam (2,26 mmol) FA trong 50 mL dung méi DMSO, déng thoi
hoa tan 988 mg (4.53 mmol) di-tert-butyl dicarbonate (BOC20) trong 5 mL DMSO,
sau d6 nho ting giot vao dung dich FA, phan tng khudy & nhiét do phong trong 24
gio trong bong téi. San pham duogc két taa va tinh ché nhiéu 1an bang ethanol, sau
d6 ¢6 quay loai bo dung méi dé thu duoc BOC—FA. Giai doan hai, lién hop phan tu
BOC-FA véi ethylen diamine dé hinh thanh BOC-FA—NH, dugc thyc hién theo
béo céo trudc day [200]. Hoa tan lai BOC—FA trong 50 mL DMSO c6 san 934 mg
(4.53 mmol) dicyclohexyl carbodiimide (DCC) va 521 mg (4.53 mmol) EDC. Hon
hop dugc khudy & nhiét do 50 °C trong thoi gian 24 gid trong bong, sau do loc bo
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san pham phu dicyclohexylurea (DCU) dé thu duoc dung dich BOC-FA-NHS.
Thém tung giot dung dich BOC—FA—NHS vao 10 mL dung dich DMSO chua san
1.5 mL (22.65 mmol) ethylenediamine (EDA), phan tng khuiy trong 24 gio &
nhiét d6 phong trong bong téi. Sau d6, san pham duoc két tua va tinh ché nhiéu lan
trong etanol va cd quay dé loai bo hoan toan ethanol dé thu dugc BOC—FA—NHo.
Cau triic cia BOC-FA—NH; duoc xac nhan bang phdé tH-NMR va FT-IR.

FA, BOC,0,
DMSO

(1) Hoa tan FA trong DMSO, (2) Tta va tinh ché béng
sau d6 nho dung dich »| cthanol, sau d6 c6 quay loai BOC-FA
BOC,0/DMSO, khudy 24 gid b ethanol

3) Hoa tan trong DMSO
@ @ va hoat héa & nhiét do *
50 °C trong 24 gio
Y Y

Y

(6) Tua va tinh ché bang (5) Phan iing khua‘iy

ethanol, sau d6 co quay loai < . <—| (4) Loc loai bo DCU
trong 24 gio

bo ethanol
Y
BOC-FA-NH, (7) Hoa tan trong || (9) Khuéy trong | | (8) Hoa tan trong |«
DMSO 24 gio DMSO
Y Y
Phan tich (10) Tham tach trong
IH-NMR, FT-IR DMSO sau dr(r) trong > (11) Déng kho
nudc cat
Phén tich
BOC-FA-P123-NPC 'H-NMR,
FT-IR
@ »|(13) Hoa tan trong (14) Khudy trong || (12) Hoa tan
nuoc DI ¢ pH 5 24 gid trong ethanol

(17) Dong kho |< (16) Tham téu;h trong | | (15) Kh}léy trong
nudc cat 24 ¢io dé pha BOC

Phan tich
TH-NMR,

FT-IR

Hinh 2. 3. Luu d6 quy trinh tong hop CS—P123—FA.
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Tong hop BOC—FA—-P123—NPC: quy trinh tong hop dugc thuc hién theo
lru @6 Hinh 2.3 tir budc (7) d&én buéc (11). BOC-FA-NH; (475 mg) duoc hoa tan
trong 30 mL DMSO va sau d6 thém turng giot vao dung dich NPC—P123—-NPC (5
gam trong 25 mL DMSO) trong diéu kién khudy ¢ nhiét do phong trong 24 gio.
Cudi cing, san pham dugc tham tach véi DMSO bang cach sir dung mang cellulose
(MWCO = 3500 Da) trong 2 ngay dé loai bo hoan toan p-nitrophenol va
BOC—FA-NH_ chua phan ung, thim tach voi nuéc cat trong 2 ngay dé loai bo
DMSO trudc khi dong kho dé thu dugc BOC-FA-P123-NPC. Cau tric
BOC—FA-P123-NPC dugc xac nhan bang phé tH-NMR va FT-IR.

Tong hop CS—P123—FA: quy trinh téng hop duoc thuc hién theo luu do
Hinh 2.3 tir bude (12) dén buéc (17). Hoa tan 1 gam BOC—FA—-P123—NPC vao 10
mL dung moi ethanol. Hoa tan 100 mg CS trong 10 mL nuéc DI ¢ pH 5. Nho tu tr
dung dich BOC—FA-P123—NPC vao dung dich CS, phan tng khudy trong thoi gian
24 gio. Sau d6, 10 mL trifluoroacetic acid (TFA) duogc thém vao dung dich phan
ng va khudy trong 3 gio. San pham duoc tham tach véi nude cat chira 10% ethanol
bang mang cellulose (MWCO=12000 — 14000 Da) trudc khi déng kho dé thu dugc
CS—P123—FA. Cau tric ciia CS—P123—FA di duoc xac nhan bang phd tH-NMR va
FT-IR.

2.2.3. Tong hep chitosan—Pluronic P123—biotin (CS—P123-BI0)

Qua trinh tong hop CS—P123-BIO trai qua ba giai doan bao gém: BIO duoc
lien hop voi EDA dé tao ra BIO-NHy; thay thé nhdm NPC cua phan tir
NPC—P123-NPC dé tao ra NPC—P123-BIO; ghép phan tt: NPC—P123-BIO Ién
mach CS dé tao thanh CS—P123-BI10. Quy trinh tong hop duoc thuc hién theo luu
d6 Hinh 2.4.

Tong hop BIO—NH>: quy trinh tong hop duoc thyc hién theo luu d6 Hinh 2.4
tir budce (1) dén budc (4) theo bao cao trude diy [201]. Hoa tan 1 gam (4 mmol)
biotin (BIO) trong 20 mL dung mdi dimethylformamide (DMF) & nhiét d6 50 °C,
1689 mg (8 mmol) DCC va 942 mg (8 mmol) NHS dugc thém vao dung dich BIO,
phan tng khudy gid trong méi truong khi N2. Sau 24 gio, dicyclohexylurea (DCU)
tao thanh duoc loc dé thu duoc dung dich BIO-NHS. Nho tur tir dung dich
BIO-NHS viao dung dich 10 mL DMF chira 2733 pL (40 mmol) EDA khudy trong
vong 24 gio trong mdi truong khi N2. Dung méi DMF dugc loai bo bang ap suat
thap va san pham duoc két taa va tinh ché nhiéu lan trong diethylether va co quay
dé loai bo hoan toan diethylether dé thu BIO—NH,. Céu tr(c san pham duoc xéac
dinh bang tH-NMR va FT-IR.
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Tong hop NPC—P123—BIO: quy trinh tong hop duoc thyc hién theo luu db
Hinh 2.4 tir budc (5) d&én budc (9). Hoa tan 280 mg (0.97 mmol) BIO-NH trong 10
mL dung méi DMSO r6i nho tir tir vao dung dich DMSO c6 chia 5 gam (0.81
mmol) NPC—P123-NPC hoa tan va khudy trong 24 gio. San pham duoc tinh ché
bang cach s dung mang cellulose (MWCO = 3500 Da) trong dung mdi DMSO
trong 2 ngay dé loai b hoan toan p—nitrophenol va BIO-NH> chua phan ung va
tham tach voi nuéc cat trong 2 ngay dé loai bo DMSO truée khi dong kho dé thu
duoc BOC—FA-P123-NPC. Cau tric BOC-FA—P123—-NPC dugc xac nhan bang
pho 'H-NMR va FT-IR.

BIO, DCC, NHS
DMF

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

(3) Khudy & nhiét do
phong, 24 gid

'

@ Diethyl ether — %! (4) Tta vatinh ché

(2) Loc b6 DCU >

Y

(6) Hoa tan (7) Khudy ¢ nhiétdd | | (5) Hoa tan
trong DMSO > phong, 24 gi¢ - trong DMSO BIO-NH,
Y Y
(8) Tham tach trong Phéan tich
(9) Dong khd  <—| pMSO sau d6 trong nude cét 'H-NMR, FT-IR
Phan tich
NPC-P123-BIO 'H-NMR, FT-IR

|

(10) Hoa tan (12) Khudy & nhiét do (11) Hoa tan trong
trong ethanol o phong, 24 gio¢ nuéc DI ¢ pH 5
Y

(13) Tham téch > (14) Pong kho —( CS-P123-BIO
trong nudc cét (14) Bong kho i ]

Y
Phan tich
'"H-NMR, FT-IR

Hinh 2. 4. Luu db quy trinh tong hop CS—P123-BIO.
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Tong hop CS—P123-BIO: quy trinh tong hop duoc thuc hién theo luu do
Hinh 2.4 tir bude (10) dén budc (14). Hoa tan 1 gam NPC—-P123-BIO vao 10 mL
dung moi ethanol. Hoa tan 100 mg CS trong 10 mL nuéc DI & pH 5. Nho tur tur
dung dich NPC—P123-BIO vao dung dich CS, phan ung khuay trong thoi gian 24
gio. Sau d6, dung dich dugc tham tach véi nudc cat chira 10% ethanol biang mang
cellulose (MWCO=12000 — 14000 Da) truéc khi doéng kho dé thu duoc
CS—P123-BIO. Céu tric cia CS—P123-BIO di duoc xac nhan bang phd tH-NMR
va FT-IR.

2.2.4. Xdc dinh néng dé micelle téi han (CMC) cia nanogel

Trong nghién ctu nay, gia tri CMC duogc xac dinh bang phuong phéap 6t
[202]. Ion iot hoa tan tham gia vao méi truong Ky nudc cua cac khdi PPO cua
Pluronic, gay ra su chuyén ls~ thanh |2 tir KI du trong dung dich . Duéi céc gia tri
CMC, c4c chét hoat dong bé mat thé hién dudi dang hop nhit hon 1a ¢ dang micelle.
Do d6, khong co sy chuyén d6i I3 thanh 1 1am cho cuong do hap thu caa dung dich
hdn hop khong doi. Sau khi hinh thanh mixen, 13~ dugc chuyén thanh 12 bi cudn vao
khong gian ky nuéc cua cac khdi PPO dan dén sy gia ting dang ké cudng do hap
thu nhu dwgc minh hoa trong Hinh 2.5. Cudng do hap thu cua I, da duoc vé d6 thi
dué6i dang ham cua ndng do cua céc loai polymer & budc séng 366 nm.

PEO-PPO-PEO
P~ NSNS

Chitosan Pluronic
Iy I
...................... @
¢ ) CMC/ TMC Ry
N S : -
Chitosan-Pluronic Micelle Tot-micelle

Hinh 2. 5. So d6 md ta sy chuyén hoa giita 13" va I, trong phuong phap xac
dinh ndng @6 CMC bang UV-Vis.

2.2.5. Xdc dinh khd néng nang héa thuéc ciia nanogel

Trong nghién ctru nay, CUR duoc str dung nhu 1a mot hoat chat sinh hoc ky
nuéc va PTX duogc sir dung nhu 1a mét thudc chong ung thu ky nuéc. Dua vao dic
diém cuaa chitosan—Pluronic va cac hop chat ky nudc, phuong phap hydrat hoa
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mang mong duogc sir dung dé nang hoa thude 1a phuong 4n t6i wu nhat [203, 204].
Phuong phép hydrat mang mong dugc thuc hién theo so dd Hinh 2.6. Trong phuong
phap nay, thudc, polymer va dung méi dugc hoa tan vao nhau (1), sau d6 hdn hop
duoc cho bay hoi & 4p suat thap dé loai bo hoan toan dung méi (2). Hon hop sau do
duoc cho mot luong nude thich hop dé phan tan hdn hop thude va polymer (3) va
cac micelle polymer bao thubc s& duoc hinh thanh trong dung dich nude (4). Dé bao
quan hdn hop polymer va thubc, dung dich micelle s& dugc dong kho dé thu san
pham. Ty Ié gitta CUR, PTX, polymer va dung mdi duoc trinh bay trong Bang 2.4
va Bang 2.5. Luong CUR va PTX trong micelle duoc xac dinh bang céch si dung
d6 hap thu UV-Vis ¢ budc song 420 nm va 254 nm. Hiéu qua dong goi (EE%) va
kha nang tai thubc (DL%) duoc tinh theo cong thic (3) va (4).

Ham lwong thudc trong micelle

EE (%) = x 100 (4)

Ham lwong thu6c dung dé nang hda

Ham lwong thu6c trong micelle

DL (%) = x 100 (5)

Ham lwong polymer va thudc trong micelle

Dung méi + polyme +thudc Polyme +thubc

Dung dich micelle/thudc

Micelle/thubc

Hinh 2. 6. Phwong phap hydrate mang mong nang héa thuéc.

Bang 2. 4. Ty 1é CUR, polymer va dung méi ding dé nang hoa.

Ham lugng CUR  Ham lugng polymer ~ Ham lwong H2O ~ Ham lugng EtOH/DCM

(mg) (mg) (mL) (7:3) (mL)
5 95 2 5
10 90 2 10

15 85 2 15
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Bang 2. 5. Ty 18 PTX, polymer va dung méi dung dé nang hoa.

Ham luong PTX Ham luong polymer Ham lugng H20 Ham lugng MeOH

(mg) (mg) (mL) (mL)
1 99 2 5
2 98 2 10
3 97 2 15

2.2.6. Khdo sat khd néng gidai phong thuéc cizia nanogel

Kha nang giai phong CUR va PTX cua hé nanogel dugc danh gia trong hai
moi truong pH 7.4 va pH 5. Hai mdi truong ndy phi hop véi diéu kién sinh Iy cua
co thé va tai khéi u cua té bao ung thu.

DPé danh gia kha ning giai phéng thudc cua hé nanogel, phuong phap st
dung mang tham tach duogc sir dung khéa phé bién trong viéc nghién ctu nay. Hon
hop dung nanogel mang thuc dugc dat trong mang tham tach co kich thudc 16
tham tach sao cho lén hon kich thugc phan tir thuée nhung van nho hon kich thuéc
cac phan tir polymer nhiam dam bao chi cho céc phan tir thuc di qua mang tham
tach. Tai tham tach duoc dit trong méi trudng giai phong & céac gia tri pH khao sat

& 37 °C (Hinh 2.7).
~

Dung dich chtra

27 Tai thdm téch chira
thudc giai phong

hat nanogel mang thudc

RSP

May khudy tir
gia nhiét ¢ 37 °C

=

Hinh 2. 7. Phuong phap thuc nghiém giai phong thuéc.

Dé xac dinh luong thude duoc giai phéng ra, ta tién hanh iy hoan toan mau
nuéc tham tach bén ngodi mang tai cac thoi diém khao sat. Mdi 1an 1dy mau xong,
thém vao luong dung moéi trong tmg ban dau. Nong d6 thudc khuéch tan ra ngoai
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mang tham tach duoc xac dinh bang phuwong phap UV-Vis. Phan trim thudc giai
phong tich lily (CR%) theo thoi gian duoc tinh theo cdng thuc (5) [205].

t=o00

§ M,
0

t=0

Trong d6 M,la luong thude trong méi trudng giai phong trong tai thoi gian t

gio va M, 1a luong thude trong nanogel. Tat ca cac thi nghiém duoc thyc hién 3 lan.

Can 9 mg mau nanogel di nang hoa thubc phan tan trong trong 9 mL nudc
DI. Hoat hoa céc tai tham tich MWCO (3500 Da) trong thoi gian 24 h trong mai
truong dém PBS can dé khao sat kha niang giai phong thudc. Cho vao mdi tui tham
tach 2 mL dung dich (ndng d6 tuwong tmg 1a 2000 ppm). Pit tdi tham tach vao cdc
thay tinh t6i mau c6 chtra sén 15 mL dém PBS dat trén may khuay tir véi toe do 100
vong/phut. Bé xac dinh lugng thude dugc giai phong ra, ta tién hanh 1y hoan toan
mau nudc tham tach bén ngoai mang tai cac thoi diém 0.5h,1h,2h, 3 h, 6 h, 12 h,
24 h va 48 h. Mdi lan ldy mau xong, thém vao luong dung mdi twong tmg ban dau
la 15 mL.

Nong d6 CUR, PTX khuéch tan ra ngoai mang tham tach duoc xac dinh bang
phuong phap UV-Vis tai buéc song 420 nm dua trén duong chuan CUR tinh khiét
va 254 nm dua trén duong chuan PTX tinh khiét trong cung diéu kién do.

2.2.7. Béng hoc qua trinh gidgi phong thuéc tir nanogel

Dé nghién ciru co ché giai phong CUR tir c4c hat nanogel, dit liéu giai phéng
duoc dwa vao cac phuong trinh bac khéng, bac nhat, Higuchi va Power Law. Két
qua phan tich hdi quy duoc chon dua trén hé sb twong d6i (R?) dé xac dinh co ché
giai phong thudc [206, 207]. Gia tri thoi gian hoa tan trung binh (MDT) duoc sir
dung dé danh gia tc d6 giai phong thudc tir dang bao ché va dé chi ra tac dong cua
hat nanogel trong viéc 1am cham qua trinh giai phong thubc. Gié tri MDT cao hon
cho thay kha nang giit thudc ciia nanogel cao hon va nguoc lai. MDT duoc tinh toan
tir dir liéu dong hoc giai phong thudc bang cong thuc sau (Mockel va Lippold)
[208].

MTD (gi&) = (nLH) kR (7)

Trong d6 n 1a s6 mil giai phong va k 1a hang s6 toc do giai phong tir phuong
trinh Power Law.
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2.2.8. Pdnh gid sw on dinh trong qué trinh bdo qudn cia nanogel mang
thudc sau khi dong khé

Do 6n dinh bao quan cua cac micelle dd chon dong kho thé hién kha niang
bao boc thudc cao nhat dugc danh gia 6 thang ¢ nhiét do phong. Cac nanogel dong
kho dugc phan tan trong nudc khir ion dé kiém tra EE %, DL%, DLS va thé zeta tai
thoi diém 6 thang so vai thoi diém ban dau. Ty 1& luu gitr thuéc DR (%) cua céc
micelle dugc luu trir ciing duoc tinh todn vao cudi nghién ctu theo cong thic (8)
[209]:

EE (%)6 thang
EE (%)ban dau

Trong d6, EE(%)ething: EE(%)pan ax 18 i€u suat nang hoa sau thoi gian

DR(%) = x 100 (8)

bao quan 6 thang va ltic ban dau.

2.2.9. Ddnh gid tinh twong thich sinh hoC Ciia nanogel va déc tinh té bao
ciia hat nanogel mang thuéc

Kha nang tuong thich sinh hoc cta cac hat nanogel dugc thir nghiém trén
dong té bao nguyén bao soi (fibroblast) va doc tinh té bao cua cac hat nanogel mang
thudc duoc thr nghiém trén dong té bao ung thu vi MCF-7 bang phuong phap
nhuom Sulforhodamine B (SRB), tai trirong Pai hoc Khoa hoc Tu nhién, Pai hoc
Qudc gia Thanh phd H6 Chi Minh.

Thtr nghiém SRB (Sulforhodamine B) Ia mdt phuong phap so mau don gian
va nhay dé xac dinh doc tinh té bao caa mot chat [210]. Té bao nguyén bao soi V6i
mat d6 ban dau la 10* té bao/giéng duoc nudi ciy trong dia 96 giéng trong 24 gid
trude khi dugc u véi cac loai nanogel khdng mang thuéc & nong do 100 pg/mL dé
danh gia tinh twong hop sinh hoc. Té bao MCF-7 duoc nudi cay trong dia 96 giéng
véi mat @6 104 té bao/giéng trong 24 gid trude khi dugc @ vai thube tu do (CUR,
PTX) hoic cac nanogel mang Thudc & cac ndng do khac nhau dé xac dinh gia tri
ICso. Sau 48 gio 1, cac té bao di xu 1y duoc ¢b dinh bang dung dich acid
trichloroacetic 50% (w/v) lanh (Merck) trong 1-3 gio, rira sach va nhuém véi 0.2%
(w/v) SRB (Sigma) trong 20 phut. Sau nam 1an raa bang acid acetic 1% (Merck),
thudc nhuom lién két véi protein duoc hoa tan trong dung dich goc Tris 10 mM
(Promega). Nudc dugc sir dung 1am d6i ching trong nghién ciu nay. Céac gia tri
mat do quang hoc dugc xac dinh bang dau doc dia vi hiéu 96 giéng ELISA reader &
budc song 492 nm va 620 nm. Phan tram ¢ ché sinh truong (Inh%) duoc tinh theo
cong thac (9).
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Xt ly két qua:

Sau khi c6 gia tri mat d6 quang ¢ budc séng 492 nm va 620 nm (ky hiéu la
ODagz va ODe20):

- Tinh gia tri OD = ODa492 — ODe20 (a)

- Tinh ODag2 (hoac ODs20) = ODu — ODbpank (b)

- Tinh ti 18 (%) gay doc té bao theo cong thuc:

TN

Inh (%) = (1— ob
n 0) — OD

) x 100 (9)

C
Véi: - ODw: gi4 tri OD cua giéng c6 chira té bao

- ODbiank : gid tri OD cua giéng blank (khdng c6 té bao)

- OD7n: gid tri OD ctia mau thir tinh tir cng thuc (a) va (b)

- ODc: gia tri OD ciia mau chiing (control) tinh tir cong thirc (a) va (b)

ICso durge xac dinh bang cach sir dung phan mém Prism véi phuong phap hoi
quy khong tuyén tinh da thong sé va R > 0.9.

Bén canh d96, st dung phuong phap nhuém acridine cam/ ethidium bromide
(AO/EB) dé quan sét hinh thai té bao chét. Nguyén tic caa phuong phap AO/EB six
dung mot vét ton tai trong d6 AO khuéch tan vao tat ca céc té bao va EB khong thé
khuéch tan qua mang té bao trir khi n6 bj ton thuong (dan dén hoai tir) hoic té bao
bi chét. Té bao chi c6 AO bén trong phat huynh quang mau xanh lyc, té bao da chét
hoic c6 mang bi tén thuong s& hap thy EB chiém wu thé hon AO va két qua Ia té
bao phat huynh quang mau do [211]. Hinh thai té bao duoc quan sat bang kinh hién
vi huynh quang, tai trirong Pai hoc Khoa hoc Ty nhién, Pai hoc Qudc gia Thanh
phd Ho Chi Minh.

C4c té bao fibroblast dugc gieo trong dia 6 giéng (2x10° té bao/ giéng) duoc
nudi & 37 °C, 5% CO2 trong 24 gio. Hat bé mdi trudng cii, cho vao giéng moi
truong méi chira cac nanogel ¢ nong do6 100 pg/mL hozc dbi chitng dung méi. Céc
té bao MCF-7 dugc gieo trong dia 6 giéng (2x10° té bao/ giéng) duoc nudi & 37 °C,
5% CO; trong 24 gio. HGt bo moi trudng cil, cho vao giéng moi trudng mai chira
c4c hat nanogel mang thudc ¢ néng d6 1Cso hodc doi chirng dung méi. Sau 48h tién
hanh thu mau, nhuém va chyp hinh duéi kinh hién vi huynh quang. D6 bo dich moi
truong, raa té bao véi PBS 2 1an, thém vao 20 pL dung dich thudc nhuom AO:EB
(100 pg/mL:100 pg/mL). Bat lame va quan sat ¢ anh sang huynh quang mau xanh

va do.
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2.2.10. Pdnh gid kha nang hdp thu ngi bao cia cac hat nanogel mang
thuéc

Cac hat nanogel dugc danh dau huynh quang bang tac nhan huynh quang
Fluorescein isothiocyanate (FITC). Viéc tong hop cac hat nanogel dan nhan FITC
dua trén phan ung gitra nhdm isothiocyanate cua FITC va nhdm amine chinh cua
chitosan. Cé&c hat nanogel dan nhan FITC phat huynh quang mau xanh luc (green) &
budc song 516 nm [212]. Hoa tan 100 mg polymer trong 2 ml nuéc DI va hoa tan 2
mg FITC trong 4 mL metanol. Tron hai hdn hop nay va khudy & nhiét ¢6 phong
trong diéu kién toi trong vong 24 h. San pham duoc tham tach véi nudc khir ion
trong 3 ngay va duoc dong kho dé thu duoc polymer da duoc gan FITC

Su noi hda té bao cua cac hat nanogel duoc nghién ciu bang cach sir dung
kinh hién vi huynh quang. Céc té bao MCF-7 duoc gieo trong dia 6 giéng (2 x 10°
té bao/giéng) duoc nudi cdy & 37 °C, 5% CO2 trong 24 gio. Sau do, cac té bao duoc
1 FITC tu do, c4c hat nanogel gan FITC & ndng d6 100 pg/mL. Sau 1 gio 1, cac té
bao duogc rira bang dung dich PBS va nhuém bang dung dich DAPI (100 pg/mL).
Hinh thai té bao duoc quan st bang kinh hién vi huynh quang. Anh cua cac té bao
duogc chup bai bo loc huynh quang FITC va DAPI. Dt liéu thu dugc dugc xur ly
bang phan mém Image J. Hinh thai t& bao dugc quan sat bang kinh hién vi huynh
quang, tai trixong Pai hoc Khoa hoc Tu nhién, Pai hoc Qudc gia Thanh phd H6 Chi
Minh.

2.2.11. Phan tich théng ké

Phan tich thdng ké duogc thuc hién bang ANOVA mét chiéu véi chuong trinh
c6 san trén thi truong (ORIGIN 8.5.1, OriginLab Inc., Northampton, MA, USA).
Cac thi nghiém trong nghién ctru nay duoc thuc hién ba lan va dit liéu duoc trinh
bay dudi dang trung binh £ SD. *p < 0,05, ns p > 0,05 duoc sir dung dé chi ra rang
sur khéc biét khong c6 ¥ nghia thong ké.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Hé phan phéi thuéc CS—Pluronic

3.1.1. Téng hep NPC—Pluronic—NPC

Pé ghép céc phan tir Pluronic 18n mach chitosan, Pluronic phai duogc bién
tinh dé tao ra cac nhém chiic ¢ hai ¢au mach Pluronic. C6 nhiéu phuong phép khéc
nhau dé bién tinh nhém hydroxyl & hai dau mach Pluronic, tuy nhién, phuong phap
hoat h6a nhém hydroxyl boi NPC duoc danh gia 1a thanh cong nhét véi hiéu suat
hoat héa gan 100% [179, 195]. Trong nghién citu nay, céc loai Pluronic véi cac gia
tri HLB khac nhau nhu L61, P123, F127 va F68 duoc hoat héa véi NPC dé tao ra
c4c loai NPC—Pluronic—NPC ¢ hai dau mach Pluronic theo phuong trinh phan tng
nhu Hinh 3.1.

Pluronic

+ HCl1

0/\/(0\/);,())\)7(0\/‘);0/\/0
NPC-Pluronic-NPC

Hinh 3. 1. So d6 tong hop NPC-Pluronic-NPC.

Két qua phan tich phan tich phd cong huong tir hat nhan 'H-NMR (500
MHz, CDCls, ppm) cho thdy thanh céng dau tién caa viéc hoat héa Pluronic thanh
NPC—Pluronic—NPC (Hinh 3.2, Phu luc 1, Phu luc 2, Phu luc 3 va Bang 3.1). Cac
tin hiéu proton trén nhém thom cia NPC & ¢ 6 ~ 8.26-8.28 ppm (a) va 6 ~ 7.37-7.39
ppm (b). Ngoai ra, Pluronic dugc kich hoat thanh cong boc 16 thong qua su dich
chuyén hoéa hoc cua proton trén nhém ester methylene (—CH2—O-NPC) & dau tan
cung cua chudi Pluronic & & ~ 4.42-4.44 ppm (c). Céc tin hiéu proton cua Pluronic
cling duoc thé hién ¢ & ~ 3.61-3.69 ppm (d) 1a dic trung cua cac proton trén nhom —
CH2— trong khéi PEO, trong khi peak cong huong ¢ & ~ 3.50-3.56 ppm (e), & ~3.37-
3.41 ppm (f) va & ~ 1.12-1.14 ppm (g), lan luot 1a dic trung ctia Cac proton cuia cac
nhom —CH,, —CH- va —CHjs trén chudi PPO cua phan tir Pluronic. Bang céach su
dung céc vung tich phan caa peak cong huong ¢ & ~ 7.37-7.39 ppm (b) va 1.12-1.14
ppm (g), phan trim nhom hydroxyl dau cudi cua cac Pluronic da dugc hoat hoa bai
NPC tinh theo cdng thtc (1) duoc trinh bay trong Bang 3.2. Két qua cho thay hiéu
suit suat hoat héa Pluronic twong duong véi cac nghién ciru trude day [179, 196].
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Hinh 3. 2. Phé 'H-NMR ciia NPC-P123-NPC.

Bang 3. 1. Két qua pho 'H-NMR cua cac loai NPC—Pluronic—NPC.

Vi . i Do dich chuyén hoa hoc (8, ppm)

tri H cta nhom NPC-L61-NPC NPC-P123-NPC  NPC-F127-NPC  NPC-F68-NPC
a —CH= (NPC) 8.25-8.27 8.26-8.28 8.24-8.26 8.22-8.24
b —CH= (NPC) 7.37-7.39 7.37-7.39 7.36-7.38 7.28-7.36
c —CH2-O-NPC 4.39-4.43 4.42-4.44 4.42 4.39

d —CH2>—(PEO) 3.62-3.68 3.61-3.69 3.61-3.63 3.57

e —CH2—(PPO) 3.49-3.56 3.50-3.56 3.52-3.52 3.47-3.49
f —CH (PPO) 3.36-3.41 3.37-3.41 3.37 3.33-3.34
g —CH3(PPO) 1.11-1.16 1.12-1.14 1.11 1.09

Bang 3. 2. Hiéu suat hoat héa NPC cua céc loai Pluronic.

Tén mau Phan traim nhom hydroxyl da duoc thay thé (%)
NPC-L61-NPC 83.19
NPC-P123-NPC 108.94
NPC-F127-NPC 102.22

NPC-F68-NPC 97.61
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Két qua phan tich phd FT-IR duoc thé hién trén Hinh 3.3, Phu luc 4+Phu luc
9 va céc dir liéu peak cia NPC—Pluronic—NPC dugc trinh bay trong Bang 3.3. Khi
so sanh phd FT-IR giira Pluronic tinh khiét va NPC—Pluronic—NPC ta thy, céc tin
hiéu peak trong viing 3500 cm't 1a dao dong lién két O—H nhém —OH tu do cua hoi
am. Tin hiéu peak ¢ vung tir 2800 dén 3000 cm™ dic trung cho dao dong héa tri
lien két C—H cta nhdm —CH, va —CH3 va tin hiéu peak tai vi tri ~ 1107 cm™ Ia dao
dong hoa tri lién két C—O nhom —C—O—C— trén phén ti Pluronic. Sy xuat hién tin
hiéu peack & ~1520 cm™ dic trung cho dao dong lién két N—O caa nhdm —NO; trén
phan t&r -NPC va tin hiéu peak & ~1770 cm™ dic trung cho dao dong C=0 cua
nhém —COO-NPC do su hinh thanh lién két carbonate ester giira Pluronic véi NPC
tao san pham NPC—Pluronic—NPC.

()

| -C-H(-CH,), -CH3)

-C-0-C-
(2)

-COO-NPC

(1) P123
(2) NPC-P123-NPC

G | | B | | IR |

4000 3500 3000 2500 2000 1500 1000 500

S6 séng (cm™)

Hinh 3. 3. Phé FT—IR ciia P123 (1) va NPC—-P123-NPC (2).

Bang 3. 3. Két qua pho FT-IR cua cac loai NPC—Pluronic—NPC.

S6 s6ng (cm™)

Nhom churc
NPC-L61-NPC  NPC-P123-NPC  NPC-F127-NPC  NPC-F68-NPC
-OH 3496 3500 3588 3521
-C-H (-CHz2, -CHa) 2972-2877 2971-2873 2970- 2887 2887
—COO—NPC 1771 1769 1770 1770
-NO2 1528 1526 1524 1518

-C-0-C- 1105 1107 1110 1111
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3.1.2. Téng hep NPC—Pluronic—OH

Trong nghién ctu nay, cac loai NPC—Pluronic-NPC duoc phan tng voi
3—amino—1—propanol (Ami) dé thay thé mot phan tar NPC tai mot dau cua phan ti
NPC—Pluronic—NPC @& tao ra NPC—Pluronic—OH (Hinh 3.4). Muc dich cua viéc
tao ra phan tir NPC—Pluronic—OH nham tranh tao lién két ngang giita cac phan tu
chitosan bdi NPC—Pluronic—NPC.

o/\%o\/%J\HO\/?;o/\/O

NPC-Pluronic-NPC

HO™ >"Nn, | CHCl,

3-amino-1-propanol

O/\/('O\/)}()J\HO\/‘)\Q/\/O g\/\/OH +

. Nitrophenol
NPC-Pluronic-OH

Hinh 3. 4. So d6 tong hgp NPC—Pluronic—OH.

Két qua phan tich phan tich phé cong huang tir hat nhan *H-NMR (500 MHz,
CDCls, ppm) cho thiy thanh cong dau tién cua viéc thay thé nhdm NPC cia phan tir
NPC—Pluronic—NPC thanh NPC—Pluronic—OH (Hinh 3.4, Phu luc 10 +Phu luc 12
va Bang 3.4). Khi so sanh véi phé tH-NMR ctia NPC—Pluronic—NPC thi cac tin
hiéu proton trén nhém thom cua phan toer NPC & & ~ 8.25-8.28 ppm (a) va 6 ~ 7.36-
7.39 ppm (b) va proton trén nhom ester methylene (—CH2—O—-NPC) ¢ 6 ~ 4.4 ppm
(c) va cac tin hiéu dic trung cho Pluronic vidn con ton tai dbi véi
NPC—Pluronic—OH. Dic biét, proton methylene lién két tryc tiép véi nhom
carbonate caa NPC xuét hién tai tin hiéu & ~ 4.42-4.44 ppm (—-CH,—O—NPC) (c)
dich chuyén mét phan dang ké vé vung & ~ 4.17-4.20 ppm (h) do phan ung thay thé
mot gé¢c NPC bang Ami trén phan tir NPC—Pluronic—OH. Bang phép tinh ty 18 tich
phén cua proton trén NPC & & ~ 7.36-7.39 ppm (b) va proton cia nhom —CHs trén
Pluronic & & ~ 1.11-1.14 ppm (g) theo cdng thac (1), phan trim nhoém —NPC con
giit lai trén phan tir NPC—Pluronic—OH xap xi 50% (Bang 3.5).
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Hinh 3. 5. Ph6 'H-NMR ctia NPC—-P123—OH.

Bang 3. 4. Két qua phd 'H-NMR cua cac loai NPC—Pluronic—OH.

Do dich chuyén héa hoc (5, ppm)

Vi tri H cta nhém
NPC-L61-OH  NPC-P123-OH  NPC-F127-OH  NPC-F68-OH

a —CH= (NPC) 8.24-8.27 8.25-8.28 8.27-8.29 8.27-8.28
b —CH= (NPC) 7.36-7.38 7.36-7.39 7.40-7.40 7.38-7.40
c —CH2—O—NPC 4.38-4.42 4.42-4.44 4.43-4.45 4.39-4.41
d —OCH2— (PEO) 3.60-3.67 3.60-3.65 3.58-3.63 3.57-3.67
e —CH2—(PPO) 3.46-3.56 3.49-3.56 3.49-3.54 3.45-3.54
f —CH (PPO) 3.29-3.40 3.38-3.41 3.38-3.40 3.34-3.38
g —CH3(PPO) 1.11-1.13 1.11-1.14 1.12-1.14 1.09-1.11
h —CH2—CO—(Ami) 4.17-4.21 4.17-4.20 4.21-4.22 4.18

Bang 3. 5. Phan trim nhom NPC con gitr lai trén phan tir NPC—Pluronic—OH

Tén mau Phan trim nhém NPC con giir lai (%)
NPC-L61-OH 45.76
NPC-P123-OH 49.15
NPC-F127-OH 58.68

NPC-F68-OH 48.49
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Két qua phan tich phd FT-IR duoc thé hién trén Hinh 3.6, Phu luc 13+Phu
luc 15 va céc dir li¢u peak cia NPC—Pluronic—OH dugc trinh bay trong Bang 3.6.
Khi so sanh két qua phan tich pho FT-IR gita NPC—Pluronic—-NPC va
NPC—Pluronic—OH ta thay, cac tin hiéu peak trong viing 3500 cm™ 1a dao dong lién
két O—H nhém —OH tu do cua hoi am. Tin hiéu peak & viing tir 2800 d¢én 3000 cm'?
dic trung cho dao dong hoa tri lién két C—H caa nhdm —CH2 va —CHs, tin hiéu
peak tai vi tri ~ 1107 cm® 1a dao dong hoa tri lién két C—O nhém —C—O—C—, tin
hiéu peack & ~1520 cm™ dic trung cho dao dong lién két N—O caa nhdm —NO; trén
phan t&r -NPC va tin hiéu peak & ~1770 cm™ dic trung cho dao dong C=0 cua
nhém —COO—-NPC trén phan tir NPC—Pluronic—NPC. Sy xuat hién tin hiéu peack &
ving budc song 1720 cm™ 1a do sy thay thé mot phan géc NPC bang Ami thong
qua lién két ureathane (-NHCOO-), diéu nay chtng to da tong hop thanh cong san
pham NPC—Pluronic—OH.

(1)

—

-COO-NPC /

_1;\102

-OH

-C-H(-CH,), -CHy)

| -c-0-c-
2 i

-OH

(1) NPC-P123-NPC
(2) NPC-P123-OH

i 1 ) 1 \ 1 ; ! i ! R :
4000 3500 3000 2500 2000 1500 1000 500

S6 song (cm'l)

Hinh 3. 6. Phd FT-IR ciia NPC-P123-NPC (1) va NPC-P123-OH (2).
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Bang 3. 6. Két qua pho FT-IR cua cac loai NPC—Pluronic—OH.

S6 s6ng (cm™)

Nhém chac
NPC-L61-OH NPC-P123-OH NPC-F127-OH NPC-F68-OH

-OH 3500 3500 3500 3500
-C-H (-CHz2, -CHa) 2972-2874 2971-2873 2970-2886 2887
—COO-NPC 1771 1769 1770 1766
-NO2 1594 1593 1593 1592
-C-0-C- 1102 1107 1112 1113
—NH—-COO—- 1721 1715 1720 1720

3.1.3. Téng hep hé phan phéi thuéc CS—Pluronic

Trong nghién ctiru nay, cac loai NPC—Pluronic—OH dugc phan ung ghép voi
chitosan théng qua phan (ng amide hda bang cach thay thé nhém NPC cua Pluronic
bang nhém amine —NH; cua chitosan théng qua lién két amide (-NHCO-) dé tao
thanh CS—Pluronic (Hinh 3.7). Chlng tdi sir dung loai chitosan c6 d6 nhét thap, dé
dang hoa tan trong nudc 12 loai chitosan duy nhat dé thuc hién nghién ciu nay.

NH, OH o=

HO NH
HO A N o -
o .

--- 0 9

OH NH, OH
Chitosan

+ NPC-Pluronic-OH| H,0

O/\%O\/M)J\W\/kp/\/o *

NH

03( Hs Nitrophenol

OH Ol[ OH

Chitosan-Pluronic

Hinh 3. 7. So d6 tong hop CS—Pluronic.

Két qua phan tich phan tich phé cong huang tir hat nhan *H-NMR (500 MHz,
D,0, ppm) thé hién trén Hinh 3.8, Phu luc 16 + 18 va Bang 3.7 cho thay cho thay rd
rang cac peak cong hudng cua proton trén cau tric Pluronic ¢ & ~ 3.74-3.89 ppm
(d), & ~ 3.52-3.68 ppm (e), & ~ 3.51 ppm (f) va & ~ 1.10 ppm (g). Su xuat hién cua
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hai cuc dai ¢ 6 ~ 3.03 ppm (i) va & ~ 2.04 ppm (j) duoc gan cho proton nhém
methylene & vi tri C2 va methyl (—CHs) cua chitosan [213]. Bén canh d6, sy bién
mat cua cac tin hiéu hda hoc cia NPC & & ~ 8.25-8.28 ppm (a) va § ~ 7.36-7.39 ppm
(b) cho thay Pluronic da duoc ghép thanh céng vao chitosan.

Hinh 3. 8. Pho 'H-NMR cua CS—P123.

Bang 3. 7. Két qua pho TH-NMR cua cac loai CS—Pluronic.

Do dich chuyén hoa hoc (8, ppm)

Vi tri H ctia nhém
CS-L61 CS-P123 CS-F127 CS-F68
d —OCH2-CH20—(PEO)  3.73-3.90 3.74-3.89 3.78 3.73-3.91
e —CH:z— (PPO) 3.53-3.66 3.52-3.68  3.53-3.67  3.55-3.70
f —CH (PPO) 3.31-3.31 3.51 3.36 3.35-3.39
g —CHs (PPO) 1.12 1.10 1.09-1.14 0.92-1.17
i ~CH- (CS) 2.93-2.93 3.03 3.147 3.18
j —CHs (CS) 2.02 2.04 2.037 2.06

Ké&t qua phan tich phan tich phé FT-IR thé hién trén Hinh 3.9, Phy lyc 19 +
21 va Bang 3.8. Pho FT—IR cua chitosan cho thiy peak ¢ 1660 cm* dic trung cho
dao dong cua lién két C=0 (amide 1) va 1557 cm™! 1a két qua cua sy bé cong manh
lien két N—H & cac nhém amine bac mot (—NH.) va amide I (¢6 uén N—H yéu hon
S0 vGi amine bac mot) trong cac nhom acetamide ( —NH—(C=0)—-CHs) (khoan 5%)



60

trong phan tir chitosan [214]. Pi véi phd FT-IR cua cac nanogel CS—Pluronic,
peak dao dong dic trung cua lén két N—-H cua amine va amide Il bi suy yéu &
CS-L61, CS—P123 va bi mat di & CS—F127, CS—F68, trong khi d6 peak dao dong
dic trung cho amide I dugc ting cudng rd rang. Peak amide 1l giam di dong thoi
lam manh peak amide 1 ¢6 I& 1a do mat nhdm amine bac mot (—NH>) thanh lién két
amide gitra chitosan va Pluronic [214, 215]. Ngoai ra peak dac trung cho dao dong
cia lien két C=O cua nhém (—COO-NPC) (1770 cm?) trén phan to
NPC—Pluronic—OH khéng con ton tai trén phan t&r CS—Pluronic chéng to sy lién
hop giita chitosan va Pluronic théng qua su hinh thanh lién két amide.

o / g J"w""u"‘""‘w‘

O-H, N-H

COO-NPC

-C-0-C-

O-H amide I |

1) CS C-H =0

(2) NPC-P123-OH

1 s 1 1 1 M 1 P 1 1 |

4000 3500 3000 2500 2000 1500 1000 500

S6 song (cm'l)

Hinh 3. 9. Phd FT—IR ciia CS (1), NPC—P123-OH (2) va CS—P123 (3).

Bang 3. 8. Két qua phd FT—IR cua cac loai CS va cé4c loai CS—Pluronic.

S6 song (cm™)

Nhom chuc
CS CS-L61 CS-P123 CS-F127 CS-F68
O-H, N-H 3409 3446 3449 3442 3447
-C-H 2882 2887 2970-2873 2880 2882
Amit | (C=0) 1660 1634 1641 1647 1639
Amit 11 (N-H) 1557 1527 1527 — -

—-C-0-C- 1090 1113 1107 1110 1101




61

@) \/—/—V ®) [ cspiz

CS/Le1 CS/P123
L61
cs A s e
o R OS5 s
\J —
100 200 300 400 100 200 300 400
Nhiét d (°C) Nhiét d (°C)

© : @ S
W CS-F68 f

F68

cs N |
e e —
100 200 300 400 100 200 300 400
Nhiét @ (°C) Nhiét 3 (°C)

Hinh 3. 10. Biéu d6 DSC cua CS, cac loai Pluronic, cac loai CS—Pluronic va
hdn hop phéi tron vat Iy CS/Pluronic. L61 (a), P123 (b), F127 (c) va F68 (d).

Pé chimg minh Pluronic di dwgc ghép I8n mach chitosan, phép do nhiét
luong quét vi sai (DSC) duoc st dung dé mo ta dac tinh cua chitosan, Pluronic,
CS—Pluronic va hon hop CS/Pluronic. Cac mau duoc quét & nhiét do dao dong tir
30 dén 450 °C véi tdc @6 gia nhiét 10 °C/phit. Két qua phan tich DSC duoc thé hién
trong Hinh 3.10. Trong biéu d6 nhiét DSC cua CS, mét peak thu nhiét rong quan sat
duoc & 92 °C c6 thé duoc coi 1a mit nudc va peak téa nhiét thir hai & 295 °C lién
quan dén su phan hay cac don vi amine (—-NHz) [216-218]. Trong biéu d6 nhiét
DSC cua cac loai Pluronic, nhiét do néng chay (Tm) ciia L61 nam & ving thap hon
30 °C nén khéng thé quan sat duoc, trong khi d6 Tm ctia c4c loai Pluronic P123 14
46 °C, F127 1a 66 °C va F68 1a 64 °C. Mot diéu quan sat dugc la su tang nhiét do
néng chay cua CS—Pluronic so véi Pluronic tinh khiét va hén hop CS/Pluronic, diéu
nay 1a do tinh linh dong caa Pluronic bi giam dang ké khi lién két héa hoc Vi
chitosan. So sanh biéu d6 nhiét DSC cua cac CS—Pluronic va CS/Pluronic ta thay
tat ca biéu do nhiét caa CS—Pluronic déu khdng con xuat hién peak toa nhiét tai
ving ~ 300 °C lién quan dén su phan huy cac don vi amine (—NH>), trong khi do
biéu d6 nhiét DSC cua hdn hop CS/Pluronic van xuat hién peak téa nhiét & 284 °C
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(CS/L61), 306 °C (CS/P123), 296 °C (CS/F127) va 297 °C (CS/F68). Sy mat peak
toa nhiét tai ving ~300 °C ddi véi CS—Pluronic 14 do cac nhém —NH> cua phan ti
chitosan d4 tham gia phan tng véi cac phan tar Pluronic tao thanh lién két amide
bén viing.

3.1.4. Xdc dinh khd nang ghép cia Pluronic 1én mgch CS, khd ning nang
héa CUR va dic diém ciia nanogel

Pé so sanh kha ning nang hoéa hop chat ky nuéc (CUR) cua cac nanogel
CS—Pluronic, Pluronic P123 duoc sir dung dé khao sat va tim ra ty 1& ti wu cua
P123 ghép Ién mach chitosan hinh thanh cac hat nanogel co6 kha nang nang hoéa
CUR cao nhit tir d6 so sanh véi cac loai nanogel CS—Pluronic tir L61, F127 va F68
& cung ty Ié phan tng.

Dé khao sat kha niang ghép giira CS va P123, cac ty 1& phan tng giira CS va
P123 lan luot 14 1/5, 1/10, 1/15 va 1/20 tinh theo khéi lugng twong tng véi cac mau
CS—P123(1-5), CS—P123(1-10), CS—P123(1-15) va CS—P123(1-20). Biéu dd
nhiét TGA cua CS, P123 tinh khiét va va dan xuit CS—P123 dugc thé hién trong
Hinh 3.11. Budng cong TGA cua CS biéu hién ba giai doan suy thoai. Giai doan
dau tién xay ra trong khoang nhiét do tir 50 °C dén 100 °C do su bay hoi cua nudéc.
Giai doan giam trong luong thir hai cia CS bat dau ¢ 230 dén 400 °C va giai doan
cudi ciing ma CS tiép tuc phan hay trén 400 °C. Puong cong TGA cua P123 cho
thay chi c6 mot giai doan giam trong luong. Qua trinh suy thoi bat dau o nhiét do
350 °C va phan huy hoan toan & 420 °C. Pi véi CS—P123, dién bién suy thoéi va
kha nang duy tri trong luong nam giira cac biéu hién ciia CS va P123. Giai doan dau
tién xay ra trong khoang nhiét do tir 50 dén 100 °C do su bay hoi cua nuéc. Giai
doan thir hai tir 230 °C dén 320 °C do sy suy thodi ciia cac thanh phan CS trong
phan tir CS—P123. Giai doan giam trong luong thir ba tir 320 °C dén 420 °C do su
phan hay P123 trong phan tir CS—P123. Giai doan cudi cung la phan con lai cua CS
tiép tuc phan huy ¢ 420 °C. O 420 °C, noi ma su phan huy P123 cia CS—P123 duoc
Xem gén nhu da hoan toan va trong lugng cua CS—P123 con lai dugc xem nhu la
cia CS. Can ctr vao phan tram trong luong CS co6 trong CS—P123 va phan tram
trong luong CS tinh khiét tai nhiét do 420 °C, ph?m tram CS co6 trong CS—P123
duoc tinh theo cong thic (2) va hiéu suat P123 di tham gia phan Gng theo cong
thire (3). Két qua duoc trinh bay trong Bang 3.9 cho thiy ham luong cia P123 duoc
ghép vao chudi CS nam trong khoang tir 73.93% dén 89.92% khéi leong CS—P123
va dat dén trang thai can bang caa phan tng 12 93.98 % & CS—P123(1-15). Ngay ca
khi ting hon nita, hiéu suat ghép cia P123 1én CS thay d6i khong dang ké.
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Hinh 3. 11. Biéu dd TGA cua CS, P123 va CS—P123 véi cac ty 1é ghép khéc
nhau.

Bang 3. 9. Hiéu suat phan ung cia P123 Ién chitosan.

Cong thac %Mmazocs)  YoMazo(nanogel)  YomMcsanogel)  YoMPluronic(nanogel) %H
CS-P123(1-5) 40.28 10.5 26.07 73.93 88.72
CS-P123(1-10) 40.28 6.47 16.06 83.94 92.33
CS-P123(1-15) 40.28 4.79 11.89 88.11 93.98
CS-P123(1-20) 40.28 4.06 10.08 89.92 94.42

Viéc xac dinh gia tri CMC cua cac nanogel dong vai trd quan trong trong
viéc danh gia sy on dinh cua cac nanogel trong dung dich nuéc ciing nhu kha ning
nang héa thuéc ky nudc [219]. Chinh vi vay, cac nanogel tir CS—P123 ¢ céc ty Ié
ghép khéac nhau cling duoc khao sat nham tim ra ty & ghép tét nhat twong ang voi
gia tri CMC nho nhat. Gié tri CMC duoc xéac dinh ¢ 25 °C, ddy 1a nhiét ¢ chuan bi
va bao quan caa mot sb cong thirc thude thuong mai va & 37 °C 1a nhiét do co thé.
Céc gia tri CMC cua P123 va CS-P123 ¢ céc ty 1¢ ghép khac nhau trong dung dich
nudce duoc trinh bay trong Hinh 3.12 va Phu luc 22 . Két qua cho thay gié tri CMC
cua P123, CS—P123(1-5), CS—P123(1-10), CS—P123(1-15) va CS—P123(1-20) la
89.64 £ 16.37 pg/mL, 74.00 £ 1.63 pg/mL, 35.31 £ 2.84 ug/mL, 70.35 £ 5.49
pug/mL va 71.37 = 4.59 pg/mL ¢ 25 °C. Nhin chung, cac nanogel CS—P123 ¢o6 gia
tri CMC thap hon P123 tinh khiét. Nhiéu nghién ctru trude day ciing chi ra rang su
lien hop va&i CS dan dén viéc giam gia tri CMC cua Pluronic [220, 221]. Nguyén
nhan cua viéc giam gia tri CMC 1a do CS lién két véi cac chudi P123 tao thanh mot
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16p vo bao vé cac khdi ky nudc PPO caa P123 tuong tac voi nude, 1am giam ning
lwong ty do bé mit caa cac hat nanogel CS—P123 véi nuéc. Viéc giam thiéu ning
luong tu do giira cac bé mat phan tir CS—P123 1am giam ndng d6 bat dau hinh thanh
micelle [222]. So sanh gia tri CMC cua c4c nanogel ta thdy CS—P123(1-10) c6 gia
tri CMC nho hon CS—P123(1-5). Diéu nay 1a do ham luong CS trong phan tu
CS—P123(1-5) cao hon CS—P123(1-10) déng nghia voi thanh phan wu nuéc cua
CS—P123(1-5) 16n hon CS—P123(1-10) s& lam giam su tuong tac caa khi ky nudc
PPO caa CS—P123(1-5). Tuy nhién, khi ting ham lugng P123 thi gia tri CMC ¢
CS-P123(1-15) va CS—P123(1-20) lai giam. Su giam gia tri CMC cua P123 va
cac CS-P123 ¢ nhiét @6 37 °C so voi ¢ 25 °C cho thdy P123 nhay cam véi nhiét do.
Khi nhiét do tang, lién két hydro gitra cac phan tir nudc véi P123 tro nén yéu, diéu
nay lam giam tinh phén cuc cua cic phan tir P123 va lam cho ching tro nén ky
nude, do do6 gia tri CMC sé giam [223, 224]. Gia tri CMC & 37 °C cua P123,
CS—P123(1-5), CS—P123(1-10), CS-P123(1-15) va CS-P123(1-20) 1a 35.10 +
4.34 pg/mL, 33.66 + 4.84 pg/mL, 20.47 + 3.41 pg/mL, 41.00 £ 6.48 pg/mL va
39.30 + 1.00 pg/mL.
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Hinh 3. 12. Gia tri CMC cua P123 va CS—P123 & céc ty I ghép khac nhau
tai nhiét @6 25 °C va 37 °C.

CMC (ng/mL)

Két qua nghién ciru kich thuéc micelle ciia P123 va CS—P123 & cac ty 1é
ghép khéc nhau duoc trinh bay ¢ Hinh 3.13 va Phu luc 23. O 25 °C, cac micelle
P123, CS—P123(1-5), CS—P123(1-10), CS—P123(1-15) va CS—P123(1-20) cb
kich thuoc 27.1 £ 0.3 nm, 74.9 £ 3.8 nm, 58.6 £ 1.8 nm, 74.0 £+ 20 nm va 75.3 =
3.0 nm. Nhin chung, kich thuéc micelle cia CS—P123 déu 16n hon P123, diéu nay
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1a do CS di tap hop cac don phan tir P123 tao thanh mot khdi CS—P123 ¢6 kich
thudc Ion. Micelle CS—P123(1-5) c6 kich thudc lo6n hon CS—P123(1-10) la do
thanh phan wu nudc CS caa CS—P123(1-5) 16n, tao thanh mot 16p vo CS chaa day
cac phan tir nudc. Tuy nhién, cac micele CS—P123(1-15) va CS—P123(1-20) ¢o
kich thudc ting dan la do thanh phan I8i ky nuéc PPO cua P123 I6n. O 37 °C, céc
micelle  P123, CS-P123(1-5), CS-P123(1-10), CS-PI23(1-15) va
CS—P123(1-20) ¢6 kich thwéc 82.6 £ 1.5 nm, 41.1 £ 0.6 nm, 42.3 £ 0.4 nm, 45.2 =
1.0 nm va 49.0 £+ 0.3 nm. Khi tang nhiét d 1én 37 °C, kich thuéc micelle cua P123
tang 1én, diéu nay cho thay riang su két tu cia P123 duoc kich thich bai nhiét do.
P123 c6 chiéu dai khéi wa nudc PEO ngin va PPO dai, khi nhiét d6 tang 1én, lién
két hydro gitra khi PEO va nuéc bi suy yéu, dé dang tao diéu kién tuong tac giita
céc khdi PPO Ky nuédc. Diéu nay ciing duoc chimg minh ddi véi céc loai Pluronic
Ky nuéc nhu P185 [225]. D4i Vi cac micelle CS—P123, khi ting nhiét do thi kich
thuge micelle giam, diéu nay 1a do cac lién két hydro bi suy yéu, nugc trong 16p vo
micelle bj day ra ngoai. Nhin chung, c4c hat nanogel CS—P123 ¢6 kich thudc nho,
diéu nay gitp giam thiéu nguy co tic nghé&n trong mao mach dong thoi tranh sy loc
& than va sy hap thu caa hé thong ludi noi mo, va do d6 c6 thé luu théng trong mau
trong thoi gian dai, cudi cing di qua cac mao mach caa khéi u [226].
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Hinh 3. 13. Gia tri DLS cua P123 va CS-P123 ¢ céc ty ¢ khac nhau tai nhiét
d6 25 °C va 37 °C.

Dé danh gia kha ning nang héa thudc cé tinh ky nudc cao ddi voi P123 va
CS-P123, CUR dugc stir dung nhu mét tdc nhan sinh hoc 6 tinh ky nuwée Viéc khao
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sat nay nham so sanh kha niang nang héa thubc gitta P123 tinh khiét va nanogel
CS—P123 ciing nhu tim ra ty 1& ghép téi wu gitra CS va P123 ¢6 kha niang nang hoa
thudc Ky nudc cao nhat.

Két qua nang hoéa CUR duoc danh gia qua hai gia tri DL% va EE% duogc thé
hién trén Hinh 3.14. Kha nang nang héa CUR (DL%) cuta cic nanogel P123,
CS-P123(1-5), CS-P123(1-10), CS-P123(1-15) va CS-P123(1-20) 1a 9.01 +
0.64%, 10.45 £0.47%, 12.62 £0.71%, 10.91 £ 0.73%, 10.34 £ 0.54% va tuong rng
véi hiéu suat dong goi (EE%) 1a 60.07 + 4.24%, 69.64 + 3.13%, 84.12 + 4.70%,
72.76 + 4.85% va 68.92 + 3.57%. Két qua cho thay CS da lam tang cuong kha ning
nang hda CUR khi két hop vai P123 so véi P123 tinh khiét. O cac ty 1é ghép khac
nhau, ta thay CS—P123(1—10) dat hiéu qua tdi da trong viéc nang héa thuéc.

100
B DL(%)

80 F {
s 60 |
<
=
,<§ 40 F
=
A

20F

0

Hinh 3. 14. Biéu d6 biéu dién gia tri EE (%) va DL(%) cua P123 va
CS—P123 mang CUR.

MAi quan hé giita gia tri CMC va kha ning nang hoa CUR cua nanogel duoc
thé hién trén Hinh 3.15. Két qua cho thay kha ning tai CUR cua cac hat nanogel ty
1& nghich véi gia tri CMC, diéu nay c6 nghia la gia tri CMC cang thap thi kha ning
nang hda céc thudc ky nudc cang cao. Nhu vay viéc ghép Pluronic 1én mach CS s&
taing cuong tinh 6n dinh cta Pluronic dong thoi ting cuong kha ning nang héa
thuoc ky nudce cua Pluronic.



67

100

90 | 4100

80+

70 b

s 180 _
—~ 60+ &)
N - g
N’ 504“ ?ﬁ
= 12 {60 =
R o

10 =

9

_ 440 ©

8 .

2 )

6

S L " 1 2 1 2 1 2 1 M 20

Hinh 3. 15. Biéu d6 biéu dién gia tri EE, DL va CMC cua P123 va CS—P123.

Nhu vy & céc ty 1é ghép gitta CS va P123, CS—P123(1-10) ¢6 hiéu qua nhét
trong viéc nang hda cac thudc ky nudc. Trén co so ndy, ching tdi tién hanh khao sét
c4c loai Pluronic khac nhu L61, F127 va F68 dé so sanh kha ning nang hoa thudc
Ky nudc cua céc loai Pluronic nay khi ghép 1én phan tu chitosan.

Dé so0 sanh kha nang ghép cuia cac loai Pluronic Ién mach chitosan & cung ty
I& mol gitra c4c loai Pluronic so véi chitosan (s6 mol tinh theo don vi glucosamine).
Ty 1€ mol cua cac loai Pluronic tham gia phan g so vai chitosan la ty Ié mol caa
cong thae CS—P123(1-10). Biéu dd nhiét TGA cia CS, Pluronic va CS—Pluronic
duoc thé hién trén Hinh 3.16. Nhin chung, tit ca cé4c loai Pluronic déu trai qua mot
giai doan suy thodi do nhiét. Pluronic P123, F127 va F68 déu bét dau suy thoéi ¢
nhiét d6 350 °C va phan hay hoan toan ¢ 420 °C, tuy nhién Pluronic L61 bat dau
suy thodi & nhiét d6 sém hon 1a 200 °C va két thic & 400 °C. Két qua tinh toan ham
lwong Pluronic va hiéu suat ghép cua Pluronic trén mach chitosan duoc trinh bay
trong Bang 3.10. Két qua cho thiy ham lugng cua L61 trong CS—L61 13 64.38% véi
hiéu suat 82.02%, ham luong cua P123 trong CS—LP123 1a 83.95% véi hiéu suat
92.33%, ham luong cua F127 trong CS—F127 1a 88.46% Vv&i hiéu suit 92.63%, ham
luong cua F68 trong CS—F68 1a 81.78% vai hiéu suat 87.50%. Hiéu suat phan ung
ctia P123 va F127 16n hon L61 va F68 1a do phan tram nhém NPC con lai trén phan
td NPC—P123—0OH (49.15%) va NPC-F127—-OH (58.68%) lén hon NPC—-L61—-OH
(45.76%) va NPC—F68—OH (48.49%). Ngoai ra, hiéu suat phan @ng caa Pluronic

L61 thap 1a do kha ning hoa tan kém cta né trong moi trudong nudc.
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Hinh 3. 16. Biéu d0 TGA cta CS, céc loai Pluronic va cac loai CS—Pluronic.

L61 (a), P123 (b), F127 (c) va F68 (d).

Bang 3. 10. Hiéu suat phan wng cua Pluronic 1én chitosan.

Cong thac %Mazocs)  YoMazo(nanogel)  YoMcsmanogel)  YoMPluronic(nanogel) %H
CS-L61 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 danh gia giita mbi quan hé gitra gia tri CMC va kha nang nang héa
thudc ky nudc caa CS—P123 cho thay gia tri CMC cang thap thi hiéu qua nang hoa
cang cao. Tuy nhién gia tri CMC c6 phu thudc vao gia tri HLB hay khong, ching
t6i tién hanh do gia tri CMC cua céc loai Pluronic L61, P123, F127 va F68 véi gia
tri HLB la 3, 8, 22 va 29. Két qua CMC cua L61, P123, F127 va F68 tinh khiét
dugc trinh bay ¢ Phy luc 24 véi két qua 1a 337 + 16 pg/mL (L61), 89.64 + 16.37
pug/mL (P123), 206 + 23 pg/mL (F127) va 4049 + 90 pg/mL (F68) ¢ 25 °C. Trong
khi do, & 37 °C, gia tri CMC do duoc la 214 + 27 pg/mL (L61), 35.10 + 4.34 pg/mL
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(P123), 78.33 + 8.49 pug/mL (F127) va 3560 + 99 pg/mL (F68). Tur két qua cho thay
gia tri CMC cua Pluronic giam khi ting nhiét do tir 25 °C Ién 37 °C. Méi quan hé
gitra gia tri HLB va gia tri CMC cua Pluronic duoc trinh bay trong Hinh 3.17 cho
thay gi4 tri CMC khdng phu thudc vao gia tri HLB hay tinh ky nuéc caa Pluronic.
Chang han, gia tri HLB ciia L61 nho hon P123 nhung gia tri CMC caa L61 lai Ion
hon P123. Attwood va cong sy béo cdo rang, d6i véi Pluronic, cac gia tri CMC bj
anh huong boi su thay doi cua do dai khdi wu nudc PEO khi hai loai Pluronic c6
cung do dai khdi ky nudc PPO va gi4 tri CMC phu thudc vao d6 dai khéi vu nude
PEO va khi chiéu dai doan PEO cang I6n thi gia tri CMC cang lén [227]. Chang
han, xét hai phan tir Pluronic P123 va F127 c¢6 d6 dai khdi PPO cua P123 (69.40) va
F127 (65.17) 1a xap xi nhau, d6 d6 dai khoi PEO cua P123 (39.20) nho hon rat
nhiéu so véi F127 (200.45), trong khi d6 gia tri CMC & 25 °C cua P123 (89.64 +
16.37 pg/mL) nho hon F127 (206 + 23 pg/mL). Tuong tu, Xét hai phan tir Pluronic
L61 va F68 c6 d6 dai khbi PEO cua L61 (31.03) va F68 (28.97) 1a xap xi nhau, d6
d6 dai khdi PEO cua L61 (4.55) nho hon rat nhiéu so voi F68 (152.73), trong khi d6
gid tri CMC ¢ 25 °C cua L61 (337 + 16 pg/mL) nhé hon F68 (4049 + 90 pg/mL).
Nhu vay, gié tri CMC cua Pluronic khdng phu thugc vao gia tri HLB caa ching ma
phu thudc vao do dai khi PEO néu hai phan tir Pluronic ¢ cung d6 dai khoi PPO.
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Hinh 3. 17. Biéu d6 biéu dién su thay ddi gia tri CMC va HLB cua cac loai
Pluronic.

Két qua CMC cua cac CS—Pluronic duogc trinh bay & Phu luc 25 véi két qua
4 193 + 13 pg/mL (CS—L61), 35.31 + 2.84 pg/mL (CS—P123), 179 + 5 pg/mL
(CS—F127) va 3480 + 118 pg/mL (CS—F68) & 25 °C. Trong khi d6, & 37 °C, gia tri
CMC do duoc 1a 136 + 5 pg/mL (CS—L61), 20.47 + 3.41 pg/mL (CS—P123), 43.67
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+3.09 pg/mL (CS—F127) va 3286 + 144 pg/mL (CS—F68). Nhin chung, gia tri CMC
cua c4c loai CS—Pluronic giam khi ting nhiét d. Tir biéu dd Hinh 3.18 cho thay gia
tri CMC cua cac CS—Pluronic thay doi theo thir ty CS—P123 < CS—F127 < CS-L61
< CS-F68 twong ung Véi sy thay doi gia tri CMC cua céc loai Pluronic P123 <
F127 < L61 < F68. Nhu vay, gia tri CMC cua cac loai CS—Pluronic ciing khong phu
thudc vao gia tri HLB cua Pluronic tuong ung.
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Hinh 3. 18. Biéu dd biéu dién sy thay d6i gia tri CMC cua céc loai
CS—Pluronic va HLB cua cac loai Pluronic.

Bang 3. 11. Gia tri DLS cua cac loai CS—Pluronic ¢ 25 °C va 37 °C.

) o DLS (nm)
Tén mau
25°C 37 °C
CS-L61 75.2+1.3 589+1.9
CS-P123 58.6+1.8 42.3+04
CS-F127 64.3+7.3 279128
CS-F68 - -

Pé danh gia kich thudc micelle caa cac loai CS—Pluronic, chiing t6i lwa chon
mot ndng d6 duy nhat 1a 1000 pg/mL dé danh gia sy khac biét kich thudc micelle
cua céc loai CS—Pluronic ¢ nhiét do 25 °C va 37 °C. Két qua do DLS dugc trinh bay
& Phu lyc 26 va Bang 3.11 cho thay kich thudc micelle cua cac loai CS—Pluronic
giam khi ting nhiét d6. G 1000 pg/mL 1a ndng do thap hon ndng d6 tao micelle téi
han (CMC) cua CS—F68 nén kich thudc micelle cia CS—F68 khong xac dinh dugc.
Khi ting nhiét do, kich thuéc micelle cia CS—F127 thay d6i dang ké so voi
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CS-L61 va CS—P123, diéu nay do CS—F127 c6 ham lugng khédi PEO 16n tao thanh
mot 16p vo chira nudc 1on va khi ting nhiét d6 thi nudc s€ thoat khoi 16p vo lam cho
kich thudc micelle giam manh.

Két qua nang hoéa CUR duoc danh gia qua hai gia tri DL% va EE% duoc thé
hién trén Hinh 3.19. 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 + 0.46% va 4.32 +
0.41% twong GNg Vi hiéu suat dong goi (EE%) 1a 37.98 + 3.75%, 84.12 + 4.70%,
62.76 + 3.06% va 28.82 + 2.71%. Bicu do Hinh 3.20 cho thay rang kha ning nang
héa CUR duogc xép theo thir ty CS—P123 > CS—-F127 > CS-L61 > CS—F68 tuong
g Véi sy thay doi gia tri CMC cua céc loai CS—Pluronic theo thir ty CS—P123 <
CS-F127 < CS-L61 < CS—F68. Piéu nay cho thiy kha ning nang héa CUR cua
CS—Pluronic phu thudc vao gia tri CMC cua CS—Pluronic ma khéng phu thudc vao
gia tri HLB cua c4c loai Pluronic twong rng.
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Hinh 3. 19. Hiéu qua nang héa CUR cua cac loai CS—Pluronic.
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Hinh 3. 20. Biéu d6 biéu dién gia tri EE, DL va CMC cua cac loai
CS—Pluronic.
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Hinh thdi TEM cua CS-L61/CUR, CS—P123/CUR, CS-F127/CUR va
CS—F68/CUR dugc thé hién trong Hinh 3.21. Két qua TEM cho thay tat ca cac loai
CS—Pluronic/CUR déu ¢6 hinh ciu, tuy nhién, d6i véi CS—L61/CUR c6 xu huéng
két tu lai, diéu nay ¢ thé la do thanh phan khéi wa nuwéc PEO cua L61 thap, khong
du tao tao thanh mot 16p vo bao boc 16i ky nudée PPO va CUR cua cac hat nanogel
CS-L61/CUR. Péi v6i CS—P123/CUR, cac hat nanogel dang hinh cau phan bé déu
khong c0 su tu lai nhu CS—L61/CUR. Céac hat nanogel CS—F127/CUR c¢6 dang hinh
cau phan bé déu, c6 kich thudc 16n hon CS—L61/CUR va CS—P123/CUR. Céc hat
nanogel CS—F68/CUR c6 thanh phan khéi wa nugc PEO cao, thanh phan khéi ky
nuéc PPO thap, ham lwong CUR nang hoa thap nén hinh dang khong duoc ré rang,
khéng tao ra dugc cau trac 16i—vo rd rang.

(b)

Hinh 3. 21. Két qua TEM cua CS-L61/CUR (a), CS—P123/CUR (B),
CS—F127/CUR (c) va CS—F68/CUR (d).
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Két qua do kich thuéc hat DLS va thé zeta duoc trinh bay trong Phuy luc 27,
Phu luc 28 va Bang 3.12 cho thay & 25 °C va néng d6 1000 pg/mL, cac hat nanogel
c6 kich thude dudi 200 nm, diéu ndy gilp cho cac hat nanogel tich tu trong cac mo
lam tang tinh tham thanh mach, chang han nhu & céc vi tri khdi u ung thu thong qua
hiéu tmg tang cuong tinh tham thau va luu giir (EPR) [228]. Két qua thé zeta cho
thay cac hat nanogel mang dién tich dwong, 13 dién tich do céc phan ti CS c6 nhom
amine quyét dinh. Tir biéu do Hinh 3.22, ta thdy dién tich cta cac hat nanogel phu
thuoc vao ham luong CS cé trong CS—Pluronic. Ham lugng CS trong cac hat
nanogel duoc xép theo thir ty CS—L61 > CS—F68 > CS—P123 > CS—F127 tuong
ng vai thir tu dién thé zeta CS-L61 > CS—F68 > CS—P123 > CS—F127.

Bang 3. 12. Két qua DLS va thé zeta cua cac hat nanogel CS—Pluronic/CUR.

Tén mau DLS (nm) Thé zeta (mV)
CS-L61/CUR 157 +£5.6 99.6+5.4
CS—-P123CUR 77.6+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
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Hinh 3. 22. Biéu db biéu dién gi4 tri thé zeta va ham luong CS cua cAc mau
CS—Pluronic/CUR.

Nhu vay khi so sanh dic diém va kha ning nang héa CUR cua cac loai
nanogel CS—Pluronic ta thdy rang cac hat nanogel CS—Pluronic nhay cam véi nhiét
do, dién thé cac hat nanogel phu thudc vao ham lwgng chitosan cé trong nanogel,
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kich thudc micelle phi hop dé 1am vat liéu phan phdi thudc. Céc hat nanogel c6 gia
tri CMC khéng phu thudc vao gia tri HLB cua Pluronic twong tng. Pluronic P123
c6 gia tri CMC thap nhét va c6 kha niang nang hoa thudc ky nudc cao nhit.

3.1.5. Két qua khdo sat khd ndng giai phong CUR cia cac nanogel
CS—Pluronic/CUR
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Hinh 3. 23. Biéu d6 md ta qué trinh giai phéng CUR cua céc nanogel
CS—Pluronic ¢ pH 7.4 (a) va pH 5 (b).
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Hinh 3. 24. Biéu d6 biéu dién gia tri CMC va %CUR giai phong sau 48 gio &
pH 7.4 va pH 5 ctia cac mau CS—Pluronic/CUR.

Kha nang giai phong CUR cua hé nanogel dwoc danh gia trong hai moi
truong pH 7.4 va pH 5.0 phi hop véi diéu kién sinh Iy cta co thé va tai khdi u cua
té bao ung thu. Dit liéu giai phong CUR dugc trinh bay & Phy luc 31, Phu luc 32 va
dién bién qua trinh giai phong CUR dugc thé hién trén Hinh 3.23. Két qua cho thiy,
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lan 1ay mau dau tién sau 30 phat, ham luwgng CUR giai phong ra la 6.65%
(CS-L61), 1.88% (CS—P123), 3.63% (CS—F127) va 5.18% (CS—F68) & pH 7.4.
Cung thoi diém nay, & pH 5, ham luong CUR giai phong ra duoc ghi nhan la
17.66% (CS-L61), 5.92% (CS—-P123), 12.16% (CS—F127) va 21.78% (CS—F68).
Sau 48 gio, ham lwgng CUR giai phong ra la 41.85% (CS-L61) , 16.59%
(CS—P123), 20.49% (CS—F127) va 47.16% (CS—F68) & pH 7.4. Cung thoi diém
nay, ¢ pH 5, ham luong CUR giai phong ra dugc ghi nhan 1a 81.78% (CS—L61),
49.47% (CS—P123), 59.93% (CS—F127) va 94.73% (CS—F68). Nhin chung, cac hat
nanogel CS-Pluronic/CUR giir CUR & pH 7.4 va giai phdng manh mé & pH 5.0. Két
qua nay cho thiy su giai phong CUR cua cac hat nanogel CS—Pluronic phu thudc
vao pH, diéu nay la do cac hat nanogel ¢ cac nhdm amine cua phan tir CS s& duoc
proton hoa va tich dién duong ¢ pH 5.0, lam cho CS hoa tan trong dung dich nudc
dan dén 16p vo micelle tré nén 1ong léo va thu gidn, tao diéu kién cho CUR giai
phong ra khoi 16i micelle. O pH cao hon (ving kiém), nhém amine nay tro nén khi
proton hoa va khong tich dién, do d6 tao ra mang hydrogel sinh hoc khéng hoa tan,
ngan can sy giai phong CUR tur 16i micelle [229]. Pac tinh nay gidp cho cac
nanogel giit thuéc & moi truong sinh 1y co thé va giai phong thudc & méi trudng
sinh ly khéi u ung thu. Biéu d6 Hinh 3.25 cho thay kha nang giai CUR & pH 5 cua
cac nanogel CS—Pluronic/CUR phu thuoc vao gid tri CMC cua chdng. Nanogel
CS—P123 ¢6 gia tri CMC thap nhat nén giai phong CUR cham nhat so véi cac
nanogel con lai.

Bang 3. 13. Cac thong sé6 mé hinh dong hoc giai phong CUR cua cac nanogel
CS—Pluronic.

M®& hinh toan hoc dong hoc giai phéng CUR

Tén mau pH  Zero-order First-order Higuchi Korsmeyer-Peppas
R? R? R? k n R?
CS-L61/CUR 0.8405 0.6371 0.9482 0.1230 0.3173 0.9566
CS—P123/CUR 24 0.8441 0.6093 0.9392 0.0419 0.3466 0.9406
CS—F127/CUR 0.7920 0.5858 0.9133 0.0700 0.2787 0.9251
CS—F68/CUR 0.7934 0.5502 0.9184 0.1356 0.3284 0.9082
CS-L61/CUR 0.6988 0.5131 0.8475 0.3484 0.2309 0.9104
CS-P123/CUR 5 0.8082 0.5696 0.9267 0.1412 0.3266 0.9301
CS—F127/CUR 0.6985 0.5068 0.8457 0.2485 0.2363 0.9054

CS-F68/CUR 0.6453 0.5162 0.8185 0.4038 0.2432 0.9085




76

bong hoc giai phong CUR tur cac hat nanogel CS—Pluronic dugc phén tich
bang cach dua dir liéu giai phong in vitro vao cac mé hinh toan hoc dua trén cac
phuong trinh dong hoc Zero-order, First-order, Higuchi va Korsmeyer-Peppas
(Power law), sau d6 tinh toan hé sé twong quan cua ching (R?). Két qua phan tich
dong hoc giai phong CUR dugc trinh bay ¢ Phu luc 33 + Phu luc 36 va Bang 3.13.
Két qua cho thay su théng nhit va phu hop cho hau hét cac cong thuc
CS—Pluronic/CUR véi mo hinh Korsmeyer-Peppas ¢ ca hai méi truong giai phong
pH 7.4 va 5, CS-L61 (R? = 0.9566 va 0.9104), CS-P123 (R? = 0.9406 va 0.9301),
CS-F127 (R? = 0.9251va 0.9054) va CS—F68 (R2= 0.9082 va 0.9085). Co ché giai
phong CUR tir céc hat nanogel CS—Pluronic duoc danh gid bang md hinh
Korsmeyer-Peppas. Gia tri tinh toan cua n cua cac nanogel CS—Pluronic nhé hon
0.45 cho thay co ché giai phéng CUR tur ching la do khuéch tan.

Dé danh gia kha niang giai phdng CUR cua céc loai CS—Pluronic, cac gid tri
toses, tsoss, t7s%, VA MDT duoc str dung dé so sanh thoi gian can thiét dé giai phong
25%, 50%, 75% va thoi gian trung binh giai phong CUR cua cac nanogel
CS—Pluronic. Két qua tinh toan tir cong thirc (7) duoc trinh bay ¢ Bang 3.14. Két
qua cho thy, tai pH 7.4, CS—L61/CUR va CS—F68/CUR mat 9 gio va 6 gio dé giai
phong 25% CUR, trong khi d6 CS—P123/CUR va CS—F127/CUR can thoi gian rat
lau dé giai phong 25% CUR trong vong 173 gio va 96 gio. Tuong tu, & pH 5,
CS—L61/CUR va CS—F68/CUR thi chwa ddy 1 gid da giai phong 25% CUR, trong
khi d6 CS—P123/CUR va CS—F127/CUR thi can 5.75 gi¢ va 6.44 gio dé giai phong
25% CUR. DPanh gia mot cach tong thé, thoi gian giai phdng CUR trung binh cua
cac loai CS—Pluronic/CUR duoc sip xép theo tha ty sau: CS—P123/CUR >
CS-F127/CUR > CS-L61 > CS—-F68/CUR. Két qua nay cho thay, toc do giai
phéng thudc phu thudc vao gia tri CMC ctia CS—Pluronic ma khong phy thudc vao
gid tri HLB cua Pluronic tuong tng.

Bang 3. 14. Cac thong sé giai phong CUR tir cac nanogel CS—Pluronic.

Tén mau pH t25% (Q10) ts00% (Qi0) t7s% (Qi0) MDT (gio)
CS-L61/CUR 9 83 298 177
CS—P123/CUR 24 173 1278 4117 2430
CS—F127/CUR 96 1158 4961 3035
CS—F68/CUR 6 53 182 108
CS-L61/CUR 0.24 4.78 27.68 18.05
CS—-P123/CUR 5 5.75 48.01 166.16 98.71
CS—F127/CUR 1.03 19.27 107.20 69.23

CS-F68/CUR 0.14 241 12.75 8.14
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3.1.6. Pdnh gid sw én dinh ciia nanogel CS—Pluronic/CUR trong qué trinh
bdo qudn sau khi dong kho

Bang 3. 15. Su 6n dinh cua cac nanogel CS—Pluroronic/CUR bao quan sau
dong kho ¢ nhiét do phong.

Tén mau Thdng s do 0 thang 6 thang
EE% 37.98 + 3.75% 33.41+1.96
DL% 5.70 + 0.65 5.01 +0.29
CS-L61/CUR DLS (nm) 157+56 183 +23.5
Thé zata (mV) 99.6 + 5.4 96.3+0.6
DR% - 88.35 + 3.95
EE% 84.12 + 4.70 82.37 +5.08
DL% 12.62 +0.71 12.36 +0.78
CS-P123/CUR DLS (nm) 77.6+55 81.6 +1.7
Thé zata (mV) 57.7+3.7 54,73 +0.78
DR% - 97.91+ 1.99
EE% 62.76 + 3.06 60.71 £ 2.43
DL% 9.41+0.46 9.21 +0.36
CSTFLTICUR 51 5 (nm) 86.7 +3.9 93.3+0.5
Thé zata (mV) 49.2+4.9 48.0 +1.24
DR% - 96.86 + 4.23
EE% 28.82+2.71 25.10 + 0.41
DL% 432 +0.41 3.28 £ 0.05
CS—F68/CUR DLS (nm) 147 + 4.2 150.0+ 7.9
Thé zata (mV) 60.5+5.1 54.3 £ 2.75
DR% - 87.92 +8.92

Truéc khi san xuat quy md 16n cac san pham duoc phai danh gia do 6n dinh
cua qué trinh bao quan. Sdy dong kho 1a mot ki thuat dang tin cdy dé dam bao su
on dinh lau dai cua cac san pham ndy. Tinh 6n dinh cua cic nanogel
CS—Pluronic/CUR da dugc nghién cau ¢ nhiét do phong trong vong 6 thang duoc
phan &nh bang viéc giam nhe EE%, DL%, thé zeta va su gia ting nho trong kich
thudc cac micelle (DLS) (Bang 3.15). Ngoai ra, ty 1€ luu gitt CUR (DR%) trong cac
micelle 12 thdng s quan trong dé danh gia kha nang giir thudc trong 16i micelle cua
nanogel trong sudt qua trinh bao quan. Ty 18 luu trit DR% duoc tinh toan theo cong
thirc (8) Vi két qua 88.35 + 3.95 (CS—L61/CUR), 97.91+ 1.99 (CS—P123/CUR),
96.86 + 4.23 (CS—F127/CUR) va 87.92 + 8.92 (CS—F68/CUR) trong thoi gian bao
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quan 6 thang ¢ nhiét d6 phong cho thdy CS—P123 ¢ kha niang luu trit CUR cao
nhat.

3.1.7. Thar nghiém tinh twong thich sinh hoc cua nanogel CS—Pluronic va
dgc tinh té bao ung thuw vii ciia nanogel CS—Pluronic/CUR

Trudc khi st dung nanogel CS—Pluronic 1am chat mang phan phéi thudc in
vivo, phai tién hanh sang loc kha ning gay doc té bao in vitro. Trong nghién ciu
nay, anh huong ciia cac nanogel CS—Pluronic d6i véi kha nang ton tai va ting sinh
cua nguyén bao soi ¢ nguoi da duge danh gia. Viéc do tinh twong hop sinh hoc cua
c4c loai nanogel CS—Pluronic ddi vai té bao nguyén bao soi (fibroblast) dugc thuc
hién bang phuong phap nhuém SRB. Nhu thé hién trong Phu luc 37 va Hinh 3.25,
kha ning séng sot cua cac té bao nguyén bao soi duoc u véi 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 pg/mL sau 48 gio .
Két qua cho thdy ddi véi cac Pluronic c6 gia tri HLB ting dan nhu L61 (HLB=3),
P123 (HLB=S8), F127 (HLB=22) va F68 (HLB=29) thi tinh tuong thich sinh hoc ctua
cac nanogel CS—Pluronic cao. CAc nghién ctru trude day chi ra rang chitosan cd kha
ning gy doc té bao nguyén bao soi. Theo bao céo caa Chen cling cong su, ndng do
chitosan c6 thé gay doc té bao nguyén bao soi dugc phan 1ap tir md seo & nguoi Voi
nong d6 10 mg/mL [230]. Nguyén nhan gay chét té bao nguyén bao soi la do
chitosan giai phong céac cytokine chong viém tir chitosan va gay ra sy chét té bao
theo chuong trinh [231]. P4i V6i cac nanogel CS—Pluronic, ndng d6 chitosan cao
nhat & CS-L61 1a 35% va ndng d6 nanogel thir nghiém 100 pg/mL thi khdng thé
két luan rang nguyén nhan gay chét té bao cua cic nanogel CS—Pluronic 1a do
chitosan gay ra. Su tuwong thich sinh hoc cua cic nanogel CS—Pluronic giam dan
theo gia tri HLB cuia Pluronic, nguyén nhan cd thé 1a do Pluronic. Theo cac béo céo
trude ddy, Pluronic F127 va F68 khong gay doc té bao nguyén bao soi ¢ ndng do
5000 pg/mL (ty Ié té bao séng trén 90%) [232, 233]. Theo hiéu biét cua ching toi,
doc tinh caa Pluronic L61 va P123 chua duoc nghién ctiru trude day va doc tinh
quan sat dugc & CS—L61 va CS—P123 phu hop voi cac nghién ciu vé doc tinh cua
cac loai Pluronic ¢6 ham lugng PPO cao. Nguyén nhan gay chét té bao cua céc loai
Pluronic ¢6 ham lugng ky nuéc cao lién quan dén kha ning két hop caa chlng trong
mang té bao lam thay d6i do nhét vi mé cua nd va ciing 1am giam néng do ATP noi
bao, tir d6 gay chét té bao [234, 235]. Dya trén nhitng két qua nay, ching ta co thé
hiéu su suy giam kha niang tuong thich sinh hoc cia CS—L61 cé thé Pluronic L61
gay ra.
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Hinh 3. 25. Ty lé song s6t cua té bao fibroblast sau 48 gid u voi céc loai
nanogel CS—Pluronic.
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Hinh 3. 26. Hinh anh hién vi huynh quang cua té bao nguyén bao sgi nhuom
mau kép AO/EB sau khi xur 1y véi c4c loai CS—Pluronic: di chung (a), CS—-L61
(b), CS—P123 (c), CS—F127 (d) va CS—F68 (e) sau 48 gior & nong d6 100 ug/mL.



80

Phan tich AO/EB duoc str dung dé kiém tra nhitng thay ddi vé hinh thai hat
nhan trong cac té bao nguyén bao soi dugc xir Iy Vi cac nanogel CS—Pluronic duoc
thé hién trong Hinh 3.26 ¢ nong d6 100 pg/mL sau 48 gid t. Céc té bao song phat
huynh quang mau xanh luc do AO khuéch tan vao bén trong nhan té bao. Cac té bao
chét hoac c6 mang bi tén thuong s& hap thu EB chiém wu thé hon AO va phat
huynh quang mau dé/cam [211]. DPdi véi nanogel Cs—L61, hinh anh cho thiy rG
hién tuong ri mang, qué trinh apoptosis mudn véi mau do/cam da duoc quan sat
thay tai nhan té bao do EB lién két vai DNA cua té bao chét. Béi véi cac mau té bao
duogc xur Iy Cs—P123, Cs—F127 va Cs—F68, hién tuong ri mang dugc quan sat théy o
muic do thap hon so véi Cs—L61. Két qua cho thay, nudi cay té bao nguyén bao soi
véi ca cac loai CS—Pluronic khac nhau co hinh thai ddng nhat so véi mau ddi
ching, hinh dang kéo dai dién hinh va giéng hinh truc chinh. Do d6, c6 thé khang
dinh cac nanogel CS—P123, CS—F127 va CS—F68 c¢o tinh twong hop sinh hoc hon
CS-Le6l.

Poc tinh té bao cua c4c loai nanogel CS—Pluronic/CUR va CUR ty do trén
dong té bao ung thu vii MCF—7 duoc thuc hién theo phuong phap SRB trong 48
gio. Két qua duoc trinh bay ¢ Phu luc 38, Phu luc 39 va Hinh 3.27 véi gia tri 1Cso
dat duoc 1a 16.15 £ 0.62 uM (CUR), 4.72 + 0.46 uM (CS—-L61/CUR) , 13.09 + 0.38
UM (CS—-P123/CUR), 11.48 + 0.63 pM (CS—F127/CUR) va 11.20 + 0.40 uM
(CS—F68/CUR). Dya Vvao gia tri 1Cso cua cAc mau nanogel CS—Pluronic/CUR tinh
theo ndng d6 CUR c6 trong nanogel so vai gia tri 1Cso cua CUR ty do ta thiy céc
chat mang nanogel di ting cuong doc tinh caa CUR. Theo mét s6 nghién ciru da chi
ra rang mot sd loai Pluronic c6 thé 1am can kiét adenosine triphosphate (ATP) trong
té bao, trc ché chirc ning cua P-glycoprotein (P-gp) lam d4o nguoc tinh trang khang
da thudc cua khéi u, do d6 1am ting cuong kha nang hip thu té bao cua nanogel
CS—Pluronic [236, 237]. Ngoai ra, do dic tinh két dinh sinh hoc va ting cudng tham
thiu, chitosan d nhan duoc s quan tdm dang ké nhu mot hé théng phan phdi thude
[238]. Két qua cho thdy CS—L61/CUR c6 kha ning giy doc té bao MCF—7 cao hon
CS-P123/CUR, CS—F127/CUR, CS—F68/CUR, diéu nay c6 thé 1a do bén canh tac
dung gay doc té bao cia CUR con c6 tac dung gy doc cua Pluronic L61. Hong
cling ¢ong su da chitng minh rang khi b sung cac monomer Pluronic L61 vao
nanogel da tang cudng kha ning tiéu diét té bao ung thu cua CUR trong nanogel
[239]. Vi vy, khi cac hat nanogel CS—L61/CUR hap thu vao té bao, cac nanogel
trai qua qua trinh phan ra va giai phong Pluronic L61 gay chét té bao.
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Hinh 3. 27. Két qua gay doc té bao (a) va gia tri 1Cso (b) tinh theo CUR.

Hinh 3. 28. Hinh anh hién vi huynh quang cia té bao MCF-7 nhuém mau
kép AO/EB sau khi xt ly véi cac loai CS—Pluronic/CUR: dbi chung (a),
CS—L61/CUR (b), CS—P123/CUR (c), CS—F127/CUR (d) va CS—F68/CUR (e) sau
48 gid ¢ ndong do 1Cso.
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Phén tich AO/EB dugc st dung dé kiém tra kha ning song chét cua té bao
MCF-7 dugc xir Iy voi cac nanogel CS—Pluronic/CUR & ndng do ICso sau 48 gio o
duoc trinh bay trong Hinh 3.28. Két qua caa nghién ctru cho thiy cac té bao MCF—7
cia mau ddi ching véi c6 mat d6 diay hon so v&i cac mau xua ly voi
CS—Pluronic/CUR. Ngoai ra, cac té bao cia mau dbi chung c6 cau tric nhan
nguyén ven trong khi cac té bao duoc xir Iy véi cac nanogel CS—Pluronic/CUR c6
nhitng thay doi hinh thai caa dau hiéu ty chét muon (té bao ung thu c6 hat nhan
huynh quang mau xanh luc dén nau véi chat nhidm sic co dic hoic phan manh).

3.1.8. Tong két cac két qua dat dwoc ciia hé phan phéi thuéc nanogel
CS—Pluronic mang CUR

Bang 3. 16. So sanh két qua dat dwgc cua hé phan phéi thuéc CS-L61,
CS—P123, CS—F127 va CS—F68.

Thong s6 Tén mau
CS-L61/CUR CS-P123/CUR CS-F127/CUR CS-F68/CUR
EE% 37.98 + 3.75 84.12 +4.70 62.76 + 3.06 28.82 +2.71
DL% 5.70 £ 0.65 12.62 +0.71 9.41 +£0.46 432+ 041
DLS (nm) 157 +5.6 776+55 86.7 £ 3.9 147 £ 4.2
Thé zeta (mV) 99.6+5.4 57.7 + 3.7 49.2+49 60.5+5.1
DR% 88.35 + 3.95 97.91+ 1.99 96.86 + 4.23 87.92 +8.92

Tuong thich sinh hoc

(% té& bao fibroblast 74.78 +4.87 84.29 + 0.83 86.20 + 0.96 91.87+1.44
sbng sot)

ICso (UM) d6i voi té
bao MCF-7

4.72 +0.46 13.09 £ 0.38 11.48 +£0.63 11.20 £ 0.40

Cac thong sé co ban cua cac hé phan phdi thubc CS—Pluronic dugc trinh bay
trong Bang 3.16. Két qua cho thiy CS—P123 c6 kha ning tai CUR cao nhit so Voi
CS-L61, CS—F127 va CS—F68. Kich thudc micelle dudi 200 nm thuan lgi cho qua
trinh phan phéi thudc. Thé zeta c6 d6 duong dién tir 50 mV dé dang phan tan trong
moi trudng nudc. Nanogel CS—P123 ¢6 kha ning duy tri lwrong CUR cao nhit so
v6i CS—L61, CS—F127 va CS—F68 sau 6 thang bao quan. Hau hét cac nanogel déu
c6 kha niang twong thich sinh hoc ( trén 70% té bao fibroblast song sot) nhung
CS-L61 t6 ra twong thich sinh hoc yéu hon CS—P123, CS—F127 va CS—F68. Kha
ning gy doc té bao ung thu MCF—7 cia CS—L61/CUR manh hon so véi CS—P123,
CS—F127 va CS—F68, diéu nay la do sy cong hudng cua Pluronic L61. So sanh két
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qua dat duoc cua cac hé phan phéi thuéc, CS—P123 dugc lwa chon cho nghién ctu
lien hop Vvéi cac nhan hudng dich tiép theo vi kha ning tai thuc cao va duy tri 6n
dinh trong thoi gian bao quan, déng thoi tuong thich sinh hoc véi té bao fibroblast.

3.2. Tong hep hé phan phéi thude hwéng dich véi cac phdi tir folate (FA)
va biotin (B10)
3.2.1. Téng hop FA-CS—-P123

Céc hat nanogel CS—P123 van con mét sé nhém amine (—NH,) trén phan tir
chitosan, vi vay céac phdi tir acid folic (FA) c6 nhém carboxyl (-COOH) dé dang
lien két vai phan tor CS—P123 théng qua phan tng amide hoa gitra hai nhém chuc
nay dé tao thanh FA—CS—P123 (Hinh 3.29).

o A O\/MJ\;((OVI\.Q/\/ ¢

Chitosan-Pluronic NH
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o HO NH
HO N o .
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OH NH, OH
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o HO NH
HO 0 S
O ~
OH N OH

NH

OH

Folate-chitosan-Pluronic

Hinh 3. 29. So d6 tong hop FA-CS—P123.
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Két qua phan tich TH-NMR caa FA—CS—P123 duoc trinh bay & Hinh 3.30.
Tin hiéu peak & 6 ~ 2.04 ppm (j) déc trung cho proton ctia nhém metyl (—CH3) va &
~ 3.27 ppm (i) dac trung cho proton nhom ethylen & vi tri C2 cua CS. Cac tin hiéu
proton ciia P123 ciing duogc thé hién ¢ & ~ 3.72 ppm (d) 1a dic trung cua cac proton
trén nhom —CHa— trong khéi PEO, trong khi cac peak cong huong ¢ & ~ 3.41 ppm
(f), 8 ~3.65 ppm (e) va & ~ 1.17 ppm (g) lan luot 1a dic trung ctia c4c proton cua cac
nhom CH—, —CHz— va —CHjs trén chudi PPO cua phan tir P123. Hai tin hiéu peak &
& ~ 7.88-7.87 ppm (k) va 6 ~ 7.33-7.31 ppm (m) la c&c tin hiéu dac trung cho cho
proton trong vong thom cua phan ti FA.
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Hinh 3. 30. Phd *H-NMR cua FA-CS-P123.

Két qua phan tich phd FT-IR duoc thé hién trén Hinh 3.31 va céc dit liéu
peak duoc trinh bay trong Bang 3.17. Phd FT-IR cua FA cho thay peak ¢ 1695 cm®
dic trung cho dao dong lién két C=0 cua nhom carboxyl, peak ¢ 1605 cm lién
quan dén dang udn caa dao dong —NH. Pho FT-IR ciua CS—P123 cho thay peak ¢
1641 cm® dic trung cho dao dong cua lién két C=0O (amide 1). Tuy nhién phé dao
dong dic trung cho lién két C=0 (amide 1) cia FA—-CS—P123 bj dich chuyén vé
1701 cm® do anh huoéng cua dao dong lién két nhém —COOH con lai trén phan tir
FA, diéu d6 chung to FA da lién hop 1én phan tir CS—P123. Str dung phd UV — Vis
dé xac dinh ham lugng FA trong cac nanogel cho thay cac mau FA va nanogel lién
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hop véi FA hap thu & budc séng 364.5 nm trong hdn hop dung méi DMSO: H,0
(1:1 v/v) (Phu lyc 40). Két qua tinh toan chi ra rang ham luong FA lién hop chiém
0.31% trong FA—CS—P123.

)

O-H, N-H |
C=0 (-COOH) \ '
Cc=0
(amide I)
3)
O-H, N-H \H /
C-H C=0

(2) CS-P123 (amide I)

(3) FA-CS-P123

1 M 1 L 1 " 1

4000 3500 3000 2500 2000 1500 1000 500

S6 song (cm™)

Hinh 3. 31. Phé FT-IR caa FA (1), CS—P123 (2) va FA-CS—P123 (3).

Bang 3. 17. Két qua phan tich ph6 FT-IR caa FA, CS-P123, FA—CS—P123.

S6 song (cm™)

Nhém chuc
FA CS—P123 FA-CS—P123
O-H, N-H 3400-3600 3449 3313
-C-H 2800-2900 2970-2873 2875-2972
C=0 (COOH) 1695 - 1707
-NH 1605 - 1707
Amit | (C=0) - 1641 -
Amit Il (N-H) - 1527 1533

—-C-0-C- - 1107 1104
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3.2.2. Tong hgop CS—P123—-FA

Trong nghién ciu ndy, chung toi dua ra phuong an thiét ké lién hop phéi tir
FA 18n phan tir P123 trudc khi lién hop véi CS dé tao thanh CS—P123—FA nham
tang cuong mat do phéi tr FA trén bé mat nanogel CS—P123. Muyc dich ctia nghién
ctru ndy nham danh gia anh huong caa phdi tir FA dén kha nang noi hoa té bao ung
thu vit MCF—7 theo hai cach thiét ké khac nhau 1a FA-CS—P123 va CS—P123—FA.
Dé lién hop phéi tir FA [én phan tir NPC—P123-NPC, can bao vé nhém chac —NH;
trén phdi tir FA va bién tinh nhdm —COOH thanh nhdm —NH; dé lién hop véi phan
tr NPC-P123-NPC tao thanh BOC-FA-P123-NPC. Cac hat nanogel
CS—P123-FA duoc hinh thanh théng qua lién két amide (-NHCO-) giira phan ti
CS va BOC—FA—P123-NPC sau khi loai bo BOC bang TFA (Hinh 3.32).

OOy

O (6]
BOC,0

(0]

Jr >
(6]

FA BOC-FA
HZN/\/NHZ
EDA
O/\’(O\/)ij\w\/’?o/\/o
" NPC-P123-NPC
_\—N -

O>_ N NH

s N

BOC-FA-NH,

(6]
A
CS
BOC-FA-P123-NPC \
CF;COOH m ‘E o Nn

/\/(O\/):{)J\)r(o \/To/\/o

H
A\ CS-P123-FA

Hinh 3. 32. So d6 tong hop CS—P123—FA.
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Hinh 3. 33. Phé 'H-NMR cua BOC—FA—NHs.

Bang 3. 18. Két qua phd 'H-NMR cua FA va BOC—FA—NH,.

Do dich chuyén hoa hoc (3, ppm)

Vi tri H cua nhém

FA BOC—FA-NH:
a “CHy- cia FA 191-2.03 2.14-2.26
b ~CHy- ciia FA 2.29-2.33 2.40-2.43
H
c —C— 4.30-4.36 4.26-4.28
I cuaFA
d ~CHy- ciia FA 4.47-4.49 4.45-4.46
~CH= cia FA 6.63-6.65 6.60-6.88
~CH= cia FA 7.63-7.66 7.60-7.61
9 N e 6.91-6.94 6.86-6.88
h NH L EA 8.11-8.13 8.09
i —CH=cua FA 8.64 8.59
] —CHs cua tert-butyl - 1.38
m ~CHy- ciia EDA - 2.74-2.77
k —CH2— cua EDA - 3.27-3.30
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Két qua phan tich 'H-NMR cia BOC—FA-NH; duoc thé hién trong Hinh
3.33 va Bang 3.18 trong viéc so sanh véi FA tinh khiét (Phu luc 42). Ngoai cac tin
hiéu peak dic trung cho cac proton ciia FA tinh khiét, tin hiéu peak quan sat duoc &
d ~ 1.38 ppm (j) twong ng V&i proton cua nhom tert-butyl (BOC) va cac peak ¢ 6 ~
3.27-3.30 ppm (k) va & ~ 2.74-2.77 ppm (m) dac trung boi cac proton nhom —CHx—
cua EDA. Két qua nay phi hop véi bao céo caa Liu [240].

(1) C-H
O-H, N-H
C=0
(-COOH) X\
R A —
2 \\ / LE H |i 0
I'I, / ol '
O-H, N-H i\
; M
(1) FA C=Q i \ N-H
(amide I) === (amide 1)
[T TR R SRR

4000 3500 3000 2500 2000 1500 1000 500
S6 séng (cm™)

Hinh 3. 34. Phé FT-IR cia FA (1) va BOC—FA-NH.

Bang 3. 19. Két qua pho FT-IR ciua FA va BOC—FA—NH..

S6 s6ng (cm™)

Nhom chuc
FA BOC-FA-NH:
O-H, N-H 3400-3600 3326
C-H 2800-2900 2927-2839
C=0 (-COOH) 1695 1688
NH— 1605 1607
C =0 (amide I) - 1657

N-H (amide 1) - 1560
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Két qua phan tich FT-IR ciia FA va BOC-FA-NH: duoc trinh bay trong
Hinh 3.34 va Bang 3.19. B4i véi FA tinh khiét, dinh dao dong kéo dai cua C=0
(nhém —COOH) xuat hién ¢ 1695 cm™ | trong khi dai ¢ 1605 cm™ lién quan dén
dang ubn cua dao dong —NH. Tuy nhién d6i véi BOC—FA—-NHp, xuat hién tin hiéu
peak dic trung cho dao dong lién két C=0 (amide 1) ¢ 1657 cm™ va tin hiéu peak
dic trung cho dao dong lién két N—H (amide II) & 1560 cm, dong thoi tin hiéu
peak dic trung cho lién két C=0 (nhém —COOH) bi suy giam va dich chuyén vé
1688 cm't, diéu d6 ching t6 nhdm —COOH & 6vi tri y di tham gia phan ung voi
EDA chi con lai nhdm —COOH ¢ vi tri o cta phan tir FA.

Két qua phan tich Pho 'H-NMR caa BOC—FA—P123-NPC duoc thé hién
trén Hinh 3.35 cho thdy BOC-FA-NH, di lién hop thanh cong Ién
NPC—-P123—-NPC. C4c tin hiéu peak ¢ 6 ~ 3.71 ppm (d), 6 ~ 3.63-3.66 ppm (e), 6 ~
3.5 ppm (f) va & ~ 1.17-1.20 ppm (g) dac trung cho proton cta phan tir P123. Ngoai
cac tin hiéu peak ¢ & ~ 8.37-8.39 ppm (a) va & ~ 7.50-7.53 ppm (b) déc trung cho
proton cua vong thom nhém —NPC, cac tin hiéu méi xuat hién ¢ & ~ 7.63-7.65 ppm
(1) va & ~ 6.81-6.83 ppm (j) ddc trung cho proton cua vong thom trén phan tir FA,
tin hiéu peak ¢ 6 ~ 1.32-1.36 ppm (k) dac trung cho proton nhom tert-butyl (BOC).

BOC-FA-P123-NPC-D20-1H
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Hinh 3. 35. Pho 'H-NMR cua BOC-FA-P123-NPC.

Két qua phan tich phé FT-IR caia BOC-FA—P123-NPC khi so sanh Vi
NPC—P123-NPC duoc thé hién trén Hinh 3.36 va dit liéu dugc trinh bay trong
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Bang 3.20. Két qua cho thay su xuat hién tin hiéu peak dic trung cho dao dong cua
lien két C=0 (amide 1) & 1703 cm™ va N-H (amide I1) & 1647 cm™ trén phan tir
BOC—FA—-P123-NPC chang to6 BOC—FA-NH; di thay thé mot phan nhém —NPC
cia NPC—P123—-NPC d hinh thanh lién két amide.

o /SN

O-H cqy (amideD |
' 4 NH |
i (amide IT)
] 1 .
- c-0-C

(1) NPC-P123-NPC

1 1 L 1 A 1 A 1 A b | PR | A

4000 3500 3000 2500 2000 1500 1000 500

So séng (cm™)

Hinh 3. 36. Phé FT—IR cia NPC-P123-NPC (1) va BOC-FA-P123-NPC (2).

Bang 3. 20. Két qua phan tich phé FT-IT cia NPC—P123-NPC va
BOC—FA-P123-NPC.

S6 s6ng (cm™)

Nhom chtrc
NPC-P123-NPC BOC-FA-P123-NPC
OH, 3533 3470
-C-H (~CH2 va —CHs) 2873-2971 2874-2973
COO-NPC 1769 1770
C=0 (amit 1) - 1703
N-H (amit II) - 1647
-NO2 1526 1527
Tert-butyl 1254-1298

-C-0-C- 1107 1107
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Két qua phan tich TH-NMR caa CS—P123—FA duoc trinh bay & Hinh 3.37.
Tin hiéu peak & 6 ~ 2.08 ppm (j) déc trung cho proton ctia nhém metyl (—CH3) va &
~ 3.13 ppm (i) dac trung cho proton nhom ethylen & vi tri C2 cua CS. Cac tin hiéu
proton ciia P123 ciing duogc thé hién ¢ & ~ 3.72 ppm (d) 1a dic trung cua cac proton
trén nhom —CH2— trong khdi PEO, trong khi cac peak cong huong ¢ & ~ 3.41-3.42
ppm (f), & ~3.56-3.66 ppm (€) va & ~ 1.17 ppm (g) lan luot 13 dic trung cta cac
proton cua cdc nhdm —CH—, —CHz— va —CHg trén chudi PPO cua phan tir P123. Hai
tin hiéu peak ¢ 6 ~ 8.25-8.26 ppm (k) va & ~ 7.07 ppm (m) la céc tin hiéu dac trung
cho cho proton trong vong thom cua phan tr FA.

CS-P123-FA-D20-1H
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Hinh 3. 37. Ph6 *H-NMR cua CS—P123—FA.

Két qua phan tich phd FT-IR ctia CS-P123-FA so sanh voi
BOC-FA-P123-NPC duoc thé hién trén Hinh 3.38 va céc dir liéu peak duogc trinh
bay trong Bang 3.21. Phé FT-IR cia CS—P123—FA cho thay peak & 1715 cm* dic
trung cho dao dong cua lién két C=0 (amide 1). Tin hiéu peak & 1105 cm* dic trung
cho dao dong lién két C—O—C dién hinh cia phan tir P123. St dung phd UV — Vis
dé xac dinh ham luong FA trong cac nanogel cho thiy cac mau FA va nanogel lién
hop véi FA hip thu ¢ budc séng 364.5 nm trong hon hop dung mdi DMSO: H.0
(1:1 v/v) (Phu luc 40). Két qua tinh toan chi ra rang ham luong FA lién hop chiém
0.71% trong CS—P123—FA.
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O-H (amideI)

- CN-H |

C-H (amide IT) | |

()
O-H, N-H

cC=0 !
C-H (amide I)

(2) CS-P123-FA i e

C-0-C |
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Hinh 3. 38. Phé *H-NMR cua BOC-FA-P123-NPC (1) va CS-P123-FA (2).

Bang 3. 21. Két qua phan tich phé FT-IR cua BOC-FA-P123-NPC va
CS—P123-FA.

S6 song (cm™)

Nhom chirc
BOC-FA-P123-NPC CS-P123-FA
O-H, N-H 3470 3315
C-H 2874-2973 2872-2972
C=0 (amit I) 1703 1715
N-H (amit 1) 1647 -
C-0O-C 1107 1105

3.3.3. Téng hep CS-P123-BIO

Trong nghién ciru hé phan phdi thuéec CS—P123 véi tac nhan huéng dich FA,
thiét ké CS—P123-FA dat dugc ham lwong FA cao hon so voi thiét ké
FA—CS—P123. Sy khac nhau vé ham lugng FA trong nanogel trong hai thiét ké nay
cd thé 1a do phan tir CS—P123 c6 cau trdc phic tap, cac nhdm chiic —NH2 con lai
cua phan tir CS it va bi che chian boi phan tir P123 1am han ché kha ning lién hop
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phén tir FA 1én phén ta CS—P123. Vi vay, trong nghién ctru nay, BIO duoc su dung
nhu 13 mot tac nhan hudng dich thay thé cho FA vai thiét ké CS-P123-BIO nham
phat huy tac dung cua BIO. Trudc hét, BIO dugc lién hop voi EDA dé tao ra
BIO—NH_, 1a tac nhan thay thé nhém NPC trén phan tir NPC—P123-NPC dé tao
thanh NPC—-P123-BIO. Céc hat nanogel CS—P123-BIO dugc hinh thanh théng qua
lien két amide (-NHCO-) giita phan tir CS va NPC—P123-BIO (Hinh 3.39) .

0 0
HN” "NH H,N N HNJ\NH
H H EDA H H H
- . , N
s7 "1 "coon S "/\/\I( NN,
0
NPC-P123-NPC
0
N
HN” “NH

H

ﬁl—l
S '///\/\n/g\/\E OMO%FJ\HOVE,/\/O
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CS
CH,
NH, OH o<
o HO NH
HO o) 0) N
--- 0 0
OH NH OH
(6]
HN O/\/{O\/#FJ\HO\/TO/\/
X- Yy x-1

5

Hinh 3. 39. So d6 tong hop CS—P123-BIO.

Két qua phan tich *H-NMR cua BIO va BIO—NH; duoc trinh bay trong Phy
luc 42, Hinh 3.40 va Bang 3.22. Tir két qua cho thay tin hiéu peak & & ~ 12 ppm
dic trung cho proton ctia nhoém acid (-COOH) cua phan tar BIO bi bién mat ¢
BIO—NH, dong thoi xuét hién hai tin hiéu peak & ~ 7.82-7.98 ppm (n) va & ~ 7.76-
7.77 ppm (n) dic trung cho proton N—H (amide II) va nhém —NH, (amine). Diéu
nay cho thiy c6 sy chuyén hoa tir BIO thanh BIO—NH: va két qua nay ciing hop véi
béo cao cua Jiang [241].
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Hinh 3. 40. Ph6 *H-NMR cua BIO—NH..

Bang 3. 22. Két qua phan tich ph6 *H-NMR cuaa BIO va BIO—NH..

Do dich chuyén héa hoc (3, ppm)

Vi tri H ctia nhom

BIO BIO-NH:2

—COOH cua acid 11.98 -
n+n’ N-H - 7.76-7.96
a+b N-H 6.35-6.43 6.33-6.40
c+d C-H 4.11-4.32 4.07-4.26
h+i+j C-H 1.28-1.66 0.98-1.68

Két qua phan tich pho FT-IR cua BIO va BIO-NH: dugc thé hién trong
Hinh 3.40 va dix liéu duogc trinh bay trong Bang 3.23. Pho FT-IR cua BIO cho thay
tin hiéu peak & 1707 cm™ dic trung cho dao dong cua lién két C=0 bat dbi xing
cua nhdm carboxylate (—COOH), trong khi dai ¢ 1646 cm™ 1a do dao dong kéo dai
lien két C=0 cua nhom ureido [242]. Tuy nhién, d6i v&i BIO—NHz, tin hiéu peak
dic trung cho dao dong cua lién két C=0 (—COOH) bj bién mat va tin hiéu peak &
1664 cm™ dic trung cho dao dong cua lién két C=0 (amide I) dugc ting cudng
manh dong thoi xuat hién tin hiéu peak & 1559 cm™ dic trung cho dao dong cua lién
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két N-H (amide 11). Két qua nay cd thé khang dinh BIO d3 chuyén héa thanh
BIO—NHo..

C=0
(-COOH)

C=0 Il
. |- N-H
(amide I) \\\J © (amide II)

1 1 M 1 L 1 1 1 1 1 1 1

4000 3500 3000 2500 2000 1500 1000 500

S6 séng (cm™)

Hinh 3. 41. Phd FT-IR cua BIO (1) va BIO-NH,.

Bang 3. 23. Két qua phan tich ph6 FT-IR caa BIO va BIO—NH..

S6 s6ng (cm™)

Nhom chice
BIO BIO-NH:
O-H, N-H 3310-3655 3220- 3296
C-H 2868- 3143 2890- 3079
C=0 cta nhém —COOH 1707 -
C=0 cua nhém ureido 1646 -
C=0 (amide I) - 1664
N-H (amide II) - 1559

Két qua phan tich phd H-NMR cua NPC—P123-BIO dugc trinh bay trong
Hinh 3.42 véi cac tin hiéu peak ¢ 6 ~ 8.09-8.11 ppm (a) va 7.16 ppm (b) dac trung
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cho proton cua vong thom NPC. Tin hiéu peak ¢ & ~ 6.33-6.39 ppm (k + m) dac
trung cho proton N—H cua BIO. Ngoai ra, c4c tin hiéu proton cta P123 cling duoc
thé hién ¢ & ~ 3.49-3.50 ppm (d) 13 dic trung cia cac proton trén nhém —CHz—
trong khdi PEO, trong khi céc peak cong huong ¢ & ~ 3.41 ppm (e), & ~3.26 ppm (f)
va & ~ 1.01-1.07 ppm (g) lan luot 12 dic trung cua cac proton cua cac nhom —CHo—,
—CH—- va —CHjs trén chudi PPO cua phan tir P123.

NPC-P123-BIO-DMSO-d6-1H
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Hinh 3. 42. Pho 'H-NMR ciia NPC—P123-BIO.

Két qua phan tich ph6 FT-IR cua NPC-P123-BIO so sanh voi
NPC—P123-NPC thé hién trén Hinh 3.43 va dit liéu trinh bay trong Bang 3.24 cho
thay tin hiéu peak & 1769 cm™ dic trung cho dao dong cua lién két C=0 cua nhom
ester cacbonate (NPC), dong thoi xuat hién tin hiéu peak ¢ 1750 cm® dic trung cho
dao dong cua lién két C=0 cua nhdm ureido (BIO), tin hiéu peak & 1667 cm™ dic
trung cho dao dong cua lién két C=0 (amide 1) va tin hiéu peak ¢ 1548 cm™ dic
trung cho dao dong lién két N—H (amide II). Két qua nay chuang to BIO-NH, di
thay thé thanh cong mot phan nhém NPC trén phan tir NPC—P123-NPC d hinh
thanh NPC—-P123—-BIO.
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Hinh 3. 43. Pho FT-IR ciia NPC-P123-NPC va NPC-P123-BIO.

Bang 3. 24. Két qua phan tich phd FT-IR cua NPC-P123-NPC va
NPC—P123-BIO.

S6 s6ng (cm™)

Nhom chie
NPC-P123-NPC NPC-P123-BIO

OH, N-H 3533 3296-3612

-C-H (-CH2 va —CHs) 2873.-2971 2886-2971
COO-NPC 1769 1769
C=0 cua nhdm ureido - 1750
C=0 (amide I) - 1667
N-H (amide II) - 1549
—C-0—C- 1107 1111

Két qua phan tich pho *tH-NMR cua CS—P123-BIO duoc thé hién trén Hinh
3.44 cho thay céc tin hiéu peak dic trung cho proton metyl (—CHs) va methylene ¢
vitri C2 cua CS ¢ 6 ~2.13 ppm (j) va 6 ~ 3.26 ppm (i). C&c tin hiéu peak dac trung
cho proton cua P123 ¢ 6 ~ 3.70-3.76 ppm (d), 6 ~ 3.52-3.69 ppm (e), 6 ~ 3.46 ppm
(f) va & ~ 1.19-1.25 ppm (g). Su xuét hién céc tin hiéu peak trong khoang 1.37 —
1.99 ppm va 2.45 ppm dac trung cho proton methylene, tin hiéu peak ¢ 4.3 ppm dac
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trung cho proton methin caa BIO. Cac tin hiéu dic trung cua BIO rat yéu do ham
lwong thap cua né trong polymer danh dau BIO [243].

CS-P123-BIO-D20-1H

HO’P
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§ .
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Hinh 3. 44. Ph6 *H-NMR cua CS—P123-BIO.
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Hinh 3. 45. Phé FT-IR cia CS (1), NPC-P123-BIO (2) va
CS-P123-BIO(3).
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Két qua phan tich phd FT-IR cua CS-P123-BIO so véi CS va
NPC—P123-BIO duoc thé hién trén Hinh 3.45 va dir liéu duoc trinh bay trong Bang
3. 25. Két qua cho thdy cac peak dao dong cua lién két C=0 (amide 1) va N-H
(amide 11) & 1657 cm™ va 1534 cm'™. Tin hiéu dic trung cho dao dong lién két C=0
ctia nhém ureido (BIO) van con ton tai & 1710 cm™. So véi CS va NPC—P123-BIO,
trong phé FT—IR cua CS—P123-BIO c¢6 thé luu ¥ rang do gidn O—H chong lap Véi
d6 gian N—H (3500-3200 cm™! ) da duoc ting cudng dang ke.

Bang 3. 25. Két qua phan tich phé FT-IR cua CS, NPC—-P123-BIO va
CS—-P123-BIO.

S6 s6ng (cm™)

Nhom chuc
CS NPC-P123-BIO CS-P123-BIO
O-H, N-H 3300 3296-3612 3319-3590
-C-H (-CH2 va —CH?) 2882 2886-2971 2874-2972
C=0 (BIO) - 1750 1710
C=0 (amide I) 1660 1667 1657
N-H (amide II) 1557 1549 1534
—-C-0-C- 1090 1111 1107

3.3.4. Xdc dinh gia tri CMC, khd ning nang héa PTX va dic diém cia
nanogel.

Két qua do CMC cua CS-P123, FA-CS-P123, CS-PI23-FA va
CS—P123-BIO dugc xac dinh tir biéu d6 Hinh 3.46. Gia tri CMC do dugc 14 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 °C. Két qua cho thay
gia tri CMC cuia cac nanogel thap hon P123 tinh khiét (89.64 + 16.37 pg/mL). Két
qua CMC nay dua ra mot dau hiéu vé su 6n dinh nhiét dong hoc cua cac micelle.
Gia tri CMC thap hon c6 lgi cho viéc bao goi thudc trong diéu kién pha loing dang
ké. Viéc giam gié tri CMC dan dén tang tong sé phan tir polymer tham gia vao qua
trinh hinh thanh micelle, do d6 lam ting s6 luong micelle ¢ sin cho quéa trinh hoa
tan cac phan ti thude trong dung dich nuéc.
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Hinh 3. 47. Biéu do biéu dién phan trim PTX (DL) (a) va hiéu suat PTX

(EE) (b) dugc mang trong cac loai nanogel.

Két qua nang héa PTX cua cac nanogel duoc thé hién trén Hinh 3.47 va dix
lieu trinh bay & Phu luc 43 cho thdy, & ndng do 2% PTX, cac cdng thirc nanogel dat
dugc kha ning nang hoa PTX tdi da vé6i gid tri EE% la 93.00 + 7.32%
(CS—P123/PTX), 95.57 + 5.51%

(FA-CS-P123/PTX ), 92.51

+ 6.68%
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(CS—P123—-FA/PTX) va 87.17 + 7.96% (CS-P123—BIO/PTX). Su khac biét khéng
c6 y nghia dugc quan sat gitta 1% PTX va 2% PTX (p > 0.05) va sy khéc biét co y
nghia dugc quan sat thdy & 2% PTX va 3% PTX (p < 0.05) ddi véi EE%, chang to
su lya chon nong do tai PTX ¢ muc 2% sé& lam giam sy mat mat cua PTX. Ngoai ra,
su khéc biét dang ké di duoc quan sét thay giira 1% PTX va 2% PTX (p < 0.05), va
su khéc biét khong c6 ¥ nghia duoc quan sét thay & 2% PTX va 3% PTX (p > 0.05)
dbi vai DL%, chiing té cac nanogel c6 hiéu suat tai téi da khoang 2% PTX.

 e—

FA_CS_P123 PTX [TEM] — 200 0nm

CS_P123_PTX [TEM]
M=1400 T00KY %100k 100% 20/05/2020

(d)

A 2 00.0nm
20/05/2020

CS_P123_BIO_PTX [TEM]
L G L

Hinh 3. 48. Hinh TEM cia CS-P123/PTX (a), FA—CS—P123/PTX (b),
CS-P123-FA/PTX (c) va CS—P123-BIO/PTX (d).

Két qua TEM, DLS va thé zeta cia cac nanogel mang PTX duoc thé hién
trén Hinh 3.48, Hinh 3.48 va Hinh 3.50. Tir két qua TEM va DLS cho thay, cac
nanogel ¢6 hinh ciu véi duong kinh dong hoc 13 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). Gi4 trj dién thé zeta duoc ghi lai  36.2 + 1.6
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mV (CS—P123/PTX), 355 =+ 1.3 mV (FA-CS—P123/PTX), 34.6 =+ 1.0 mV
(CS—P123-FA/PTX) va 48.2 + 1.0 mV (CS—P123-BIO/PTX). Nhiing két qua nay
c6 thé chi ra rang khéng co su khéc biét dang ké vé dic diém gitra cac loai nanogel
mang PTX. Cac dic diém nay kha phi hop véi cac hé thdng phan phéi thudc nham
muc tiéu cha dong. Cac nghién ctiu in vitro va mo hinh dong vat gan day da nhan
manh tdm quan trong cua kich thudc hat nano nhé hon 200 nm chiém thoi gian luu
thong 1au hon, doc tinh t& bao thip hon va 6n dinh hon nho hiéu tmg ting cudng
tinh tham va luu gitr [244, 245].

b) 16
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Hinh 3. 49. 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. 50. Két qua thé zeta caa CS—P123/PTX (a), FA—CS—P123/PTX (b),
CS—P123-FA/PTX (c) va CS—P123-BIO/PTX (d).

3.3.5. Két qua khdo sat khd ndng gidi phong PTX cia cac nanogel mang
PTX

Kha nang giai phong PTX cua cdc nanogel FA-CS-PI123/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). Dit liéu giai phong PTX duoc trinh bay & Phu luc 44, Phu luc 45
va dién bién qua trinh giai phong PTX tir nanogel dugc thé hién trén Hinh 3.51. Két
qua cho thay, & pH 7.4, phan tram giai phong tich lity ctia PTX tir nanogel lan luot
la  19.02% (CS—-P123/PTX), 12.96% (FA—-CS-PI123/PTX) , 15.04%
(CS—P123-FA/PTX) va 21.78% (CS—P123-BIO/PTX) sau 48 gio. Nguoc lai, cac
s6 liéu giai phong PTX tir cac nanogel & pH 5.0 sau 48 gio cao hon dang ké, lan
luot la 38.21% (CS—P123/PTX), 43.56% (FA—CS—P123/PTX), 49.56%
(CS—P123-FA/PTX) va 49.86% (CS—P123-BIO/PTX). Nguyén nhan cua Viéc giai
phong thudc nhanh chéng ¢ pH 5.0 1a do cc nhém amine caa céc chudi CS con lai
da proton hoa, tao ra luc day tinh dién giira cac chudi CS, 1am cho cu triic cua cac
hat nanogel trg nén long 1éo va cac phan tir PTX c6 co hoi khuéch tan ra ngoai moi
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truong. Nhin chung, cac hat nanogel gitt PTX & pH 7.4 va giai phong manh mé ¢
pH 5. Dic tinh nay gidp cho cac nanogel giir thuéc & méi truong sinh 1y co thé va
giai phong thudc & mai truong sinh ly khéi u ung thu.

(a) 60

o0 50 F
=

2 L
-y 40
=

go 30
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Hinh 3. 51. Biéu d6 m6 ta qua trinh giai phdng PTX cua cac nanogel & pH
7.4 (a) va pH 5.0 (b).

Bang 3. 26. Cac thong s mo hinh dong hoc giai phéng PTX cua cac

nanogel.
M® hinh toan hoc dong hoc giai phéng PTX
Tén mau pH  Zero-order First-order Higuchi Korsmeyer-Peppas
R? R? R? k n R?

CS-P123/PTX 0.6587 0.5038 0.8139 0.0886 0.2078  0.8788
FA-CS-P123/PTX 24 0.7338 0.5927 0.8777 0.0611 0.2057 0.9349
CS-P123-FA/PTX 0.5022 0.4004 0.6840 0.0718 0.2175 0.9190
CS-P123-BIO/PTX 0.7120 0.5635 0.8585 0.1011  0.2057 0.9184
CS-P123/PTX 0.8277 0.6132 0.9403 0.1141 0.3132 0.9442
FA-CS-P123/PTX 0.7803 0.5914 0.9151 0.1552 0.2789 0.9344
CS-P123-FA/PTX 0.7452 0.5532 0.8923 0.1726  0.2884 0.9196
CS-P123-BIO/PTX 0.7619 0.5371 0.8994 0.1581  0.3062 0.9052

bong hoc giai phong PTX tu cac hat nanogel CS-PI123/PTX va
CS—P123-BIO/PTX duoc phan tich bang cach dwa dir liéu giai phong in vitro vao
cac md hinh toan hoc dua trén cac phuong trinh dong hoc Zero-order, First-order,

Higuchi va Korsmeyer-Peppas (Power law), sau d6 tinh toan hé sé tuong quan cta
ching (R?). Két qua phan tich dong hoc giai phong PTX dugc trinh bay & Phu luc
46 + Phu lyc 49 va Bang 3.26. Két qua cho thay su thdng nhat va pht hop cho hau
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hét cac cong thirc nanogel mang PTX véi md hinh Korsmeyer-Peppas ¢ ca hai moi
truong giai phong pH 7.4 va pH 5.0. Co ché giai phong PTX tir cac hat nanogel
duoc danh gia bang mé hinh Korsmeyer-Peppas. Gia tri tinh todn cta n cua céc
nanogel nho hon 0.45 cho thay co ché giai phong PTX tir chiing 1a do khuéch tén.

Pé danh gia kha nang giai phong PTX cua cac nanogel FA—-CS—P123/PTX
va CS—P123—FA/PTX, C4C gia tri tosw, tso%, t7s%, VA MDT duoc sir dung dé so sanh
thoi gian can thiét dé giai phong 25%, 50%, 75% va thoi gian trung binh giai phong
PTX cua cac nanogel. Két qua tinh toan tir céng thie (7) dugc trinh bay & Bang
3.27. Thoi gian giai phéng PTX trung binh cua cac nanogel la 19995 gio
(CS-P123/PTX), 136017  gid6  (FA—CS-P123/PTX), 32448  giy
(CS-P123-FA/PTX) va 11758 gidr (CS—P123-BIO/PTX) 6 pH 7.4. Trong khi d6, &
pH 5, cac nanogel chi can mat thoi gian 1a 244 gio, gio 173.65 gio, 98.95 gid va 96
gio. Két qua nay cho thay kha ning giit thubc cua cac hat nanogel & méi trudng sinh
ly 1am han ché tac dong cua thudc 18n té bao khoe manh.

Bang 3. 27. Cac thong s giai phong PTX cua caa cac nanogel.

Tén mau pH tas50 (Qi0) tsov (Qi0) t7s9% (Qi0) MDT (gio)
CS-P123/PTX 147 4136 29109 19995
FA-CS-P123/PTX 24 943 27425 196886 136017
CS-P123-FA/PTX 309 7501 48391 32448
CS-P123-BIO/PTX 81 2370 17020 11758
CS-P123/PTX 12.24 111.89 408.35 244.03
FA-CS-P123/PTX c 5.53 66.33 283.86 173.65
CS-P123-FA/PTX 3.61 39.97 163.03 98.95
CS-P123-BIO/PTX 4.47 42.96 161.48 96.86

3.3.6. Pdnh gid sw én dinh trong qué trinh bdo quan cria nanogel mang
PTX sau khi dong kho

Trudc khi san xuat quy md 16n cac san pham duoc phai danh gia do 6n dinh
cua qué trinh bao quan. Sdy dong 1a mot ki thuat dang tin cdy dé dam bao su on
dinh lau dai cua cac san pham nay. Tinh 6n dinh cua cac nanogel mang PTX di
dugc nghién ctu & nhiét do phong trong vong 6 thang dugc phan anh bang viéc
giam nhe EE%, DL%, va su gia ting nho trong kich thugc cac micelle (DLS), thé
zeta (Bang 3.28). Ngoai ra, ty I€ luu gitt PTX (DR%) trong cac nanogel trén 95%.
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Bang 3. 28. Su 6n dinh cua cac nanogel mang PTX bao quan sau dong khé &
nhiét do phong.

Tén mau Théng s do 0 thang 6 thang
EE% 93.00 +5.98 89.65 + 1.61
DL% 1.86 +0.12 1.79+0.03
CS-P123/PTX  DLS (nm) 496+1.1 56.5 + 0.6
Thé zata (mV) 36.2+1.6 42.33+0.34
DR% 96.7 + 4.70
EE% 95.57 +5.51 90.55 + 4.88
DL% 1.91+0.11 1.81+0.1
FA-CS-P123/PTX DLS (nm) 52.90 + 2.16 57.5+1.2
Thé zata (mV) 355+ 1.3 39.4+4.2
DR% 94.48 + 2.51
EE% 92.52 + 6.68 88.52 +7.77
DL% 1.85+0.13 1.77 £0.16
CS-P123-FA/PTX DLS (nm) 61.13 +2.43 64.4 + 4.4
Thé zata (mV) 346+1.0 42.8+05
DR% 95.57 + 1.55
EE% 87.17 + 6.50 84.22 +5.42
DL% 1.74 £ 0.13 1.68 +0.11
CS-P123-BIO/PTX DLS (nm) 63.4+0.6 66.9+0.5
Thé zata (mV) 48.2+1.0 49.60 + 1.10
DR% 96.69 + 1.22

3.3.7. Thir nghiém tinh twong thich sinh hoc ciia nanogel va déc tinh té
bao ung thw vii cua nanogel mang PTX

Viéc do tinh twong hop sinh hoc cua cac loai nanogel d6i véi té bao nguyén
bao soi (fibroblast) dugc thuc hién bang phuong phap nhuém SRB. Nhu thé hién
trén Hinh 3.52, kha ning séng sot cua cac té bao nguyén bao soi dugc 0 Vi Cac
nanogel la 84.29 + 0.83% (CS—P123), 90.67 + 0.55% (FA—CS—P123) 89.86 +
0.42% (CS—P123—FA) va 89.90 % 1.26% (CS—P123-BIO) & ndng do 100 pg/mL
sau 48 gio tiép xtc. Két qua cho thay cac hat nanogel mang phdi tir huéng dich co
kha ning wc ché su phat trién té bao fibroblast thip hon so v&i cac hat nanogel
khéng mang phdi tir (CS—P123).
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90.67 89.85 89.9

84.29

Té bao séng sot (%)

Hinh 3. 52. Ty Ié sbng s6t cua té bao nguyén bao soi sau khi u véi nanogel &
nong d6 100 pg/mL sau 48 gio.

(b)

(d)

100 pme . : 100 pm

Hinh 3. 53. Hinh anh hién vi huynh quang cua té bao fibroblast nhuém mau
kép AO/EB cua mau ddi ching (a) sau khi xt ly véi CS—P123 (b), FA—CS—P123
(c), CS—P123—FA (d) va CS-P123-BIO (€) sau 48 gi&s & ndng do 100 pg/mL.



108

Song song V&i viée nay, danh gia dinh tinh vé hinh thai cua té bao ciing dugc
xac nhan théng qua phuong phap nhuém kép AO/EB. Suc khoe cta nguyén bao soi
duoc quan sat sau 48 gid duoc 1 vai nanogel ¢ 100 pg/mL. Hau hét cac nguyén bao
soi trong di chirtng am tinh ¢6 mau xanh luc caia nhan nguyén ven. Tuy nhién, khi o
véi cac nanogel, mot sé té bao da bi viem mang té bao (mang té bao mau vang).
Nhu thé hién trong Hinh 3.53, nguy@n bao sgi duoc nudi cay nanogel van duy tri
hinh thai dong nhat so véi ddi ching, hinh dang thuon dai dién hinh va hinh dang
giong truc chinh. Nhiing két qua nay cé thé xac nhan rang cac nanogel c6 kha ning
tuong thich sinh hoc phii hop cho tng dung y té.

Pé kiém tra su hap thu cac nanogel 1&n té bao MCF—7, cac nanogel duoc lién
két vai tac nhan phét huynh quang FITC mau xanh luc (green) & budc séng 516 nm.
Pong thoi sir dung thuéc nhuom DAPI thém vao té bao nudi ciy s& nhanh chéng
dua vao AND ciia nhan té bao va tao ra huynh quang mau xanh dwong (blue) &
budc song 461 nm. Cac té bao MCF—7 sau khi 1 1 gio v6i cac hat nanogel dan nhan
huynh quang FITC dugc quan sat dudi kinh hién vi huynh quang dé xem xét kha
nang hap thu té bao cua cac nanogel. Dua vao cudng do huynh quang mau xanh luc
phét ra xung quanh nhan té bao mau xanh dwong dé danh gia kha nang hap thu cua
cac hat nanogel 1én té tao. Két qua cho thay rang céc hat nanogel CS—P123—FA va
CS—P123-BIO c6 cuong dd huynh quang mau xanh luc xung quanh nhan té bao
manh hon so v&i c4c hat nanogel CS—P123 va FA-CS—P123 (Hinh 3.54). Két qua
nay phu hop vai nghién ctu cua Martinez-Relimpio rang cac hat nanogel mang FA
da cai thién kha ning hap thu té bao MCF-7 cua cac hat nanogel khdng mang FA
[246]. Tuong tu, Lv ciing di chang minh ring cac hat nanogel mang BIO c6 kha
nang hap thu té bao MCF—7 cao hon céc hat nanogel khdng mang BIO [247].

Dé danh gia hiéu qua diéu tri cua cac hat nanogel mang PTX d6i véi bénh
ung thu v, cac thir nghiém doc tinh té bao in vitro trén té bao MCF-7 da duoc tién
hanh bang phuong phap SRB sau 48 gio t. Két qua duoc trinh bay & Phu lyc 51,
Phu luc 28 va Hinh 3.55 véi gia tri 1Cso dat duoc 13 8.19 +.1,17 nM (PTX tu do),
18.08 + 0.55 nM (CS—P123/PTX), 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 rang c4c hat nanogel mang phéi tir huéng dich FA hoac BIO ¢6 kha nang tiéu
diét t& bao MCF—7 manh hon so vé&i nanogel khdng mang phéi tar (CS—P123) va
PTX tu do. Tuy nhién, kha ning tiéu diét té bao MCF-7 cuia FA—CS—P123/PTX
thip hon so voi CS—P123—FA/PTX 1a do ham lugng FA trong FA—CS—P123 it hon
so voi CS—P123—FA.
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DAPI FITC Merged

100 um
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Hinh 3. 54. Hinh anh hién vi huynh quang quan sat su hap thu té bao cua
nanogel trong té bao MCF—7 sau 1 gio i & ndong d6 100 ug/mL.

80

~
}--]
~

Té bao chét (%)

60

40

(b) 20 18.08
4"'-- -3 I 7
7o /_,/i e 16
= - ~
B7: & % 12t
11/ = 8.19 8.31
A A 2 .
2 E
[ = PTX U S L
f *— CS-P123/PTX - 4.8
i —&— FA-CS-PI23/PTX 3.27
M CS-P123-FA/PTX 4+ I
1 —+— (S-PI123-BIO/PTX ’+
0 510 15 20 25 4 :
5 25
b >0 I SR S L,
A ~ s AR N of
Nong do PTX (nM) P \) WS P

o AV >
< ?»,C C%R C% g\q’

Hinh 3. 55. Két qua gay doc té bao (a) va gia tri ICso (b) cua PTX tu do va
cac nanogel mang PTX.
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Pé danh gia co ché tu chét cua té bao MCF-7, phuong phap nhuém kép
AO/EB duoc sir dung dé danh gia hinh thai 48 gio 0 vé6i cac nangel mang PTX &
nong do 1Cso. Sau 48 gio, cac té bao hoai tir tang kich thudc va cho thay huynh
quang mau cam sang khong dong déu & ngoai vi caa ching. Cac té bao mau do
duong nhu dang trong qua trinh phan hiy. Do d6, nhitng thay doi hinh thai quan sat
duoc cho thay nanogel mang PTX c6 kha ning gy chét té bao, chi yéu théng qua
qua trinh apoptosis (Hinh 3.56).

ba 4
Ot

o
100 pm

e “
100 pm & 100 pm
; H *

Hinh 3. 56. Hinh anh hién vi huynh quang cua té bao MCF-7 nhuém mau
kép AO/EB cia mau d6i ching (a) sau khi xir Iy véi CS—-P123/PTX (b),
FA-CS-P123/PTX (c), CS-P123-FA/PTX (d) va CS—P123-BIO/PTX (e) sau 48
gio & ndng do 1Cso.
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3.3.8. Tong két cac két qud dat dwoc ciia hé phan phéi thuéc nanogel
CS—Pluronic hwong dich mang PTX

Cac thong sb co ban cua hé phan phdi thuéc CS—P123/PTX,
FA-CS—-P123/PTX, CS—P123-FA/PTX va CS—P123-BIO/PTX dugc trinh bay
trong Bang 3.29. Két qua cho thay, kha ning nang hoa ctia cac nanogel hau nhu
khong khac nhau dang ké. Kich thudc micelle cia cac nanogel FA—CS—P123/PTX,
CS—-P123-FA/PTX va CS—P123-BIO/PTX twong d6i bang nhau va 16n lon so véi
CS—P123/PTX. Gia tri thé zeta ctia CS—P123-BIO/PTX c6 do duong dién hon so
véi CS—P123/PTX, FA—CS—P123/PTX va CS—P123-FA/PTX. Kha nang duy tri
nong d6 thudc PTX sau 6 thang bao xap xi nhau. Kha ning tuwong thich sinh hoc
khéng c6 su thay d6i sau khi lién hop voi tiac nhan huéng dich FA va BIO. Kha
ning tiéu diét t& bao ung thu MCF-7 cia CS-PI23-FA/PTX va
CS-P123-BIO/PTX da tang 1én so véi CS—P123/PTX va FA-CS—P123/PTX. Tuy
nhién kha ning tiéu diét té bao MCF—7 ciia CS—P123—FA/PTX manh lon so véi
CS—-P123-BIO/PTX. Vi vay cé thé xem CS—-P123-FA va CS—P123-BIO la hai
chat mang thudc nham muc tiéu trong diéu tri ung thu vi hiéu qua.

Bang 3. 29. So sanh céc két qua dat duoc hé phan phdi thuc nanogel huéng
dich mang PTX.

Théng sb Ten mau

CS—P123/PTX FA-CS-P123/PTX CS-P123-FA/PTX CS-P123-BIO/PTX
EE% 93.00 £5.98 95.57 +5.51 92.52 + 6.68 87.17 £ 6.50
DL% 1.86+£0.12 1.91+£0.11 1.85+0.13 1.74£0.13
DLS (nm) 49.60 +1.10 52,90 +2.16 61.13+2.43 63.40 £ 0.6
Thé zeta

36.20 £ 1.60 35.5+1.30 34.6 £1.00 48.20 £ 1.00
(mV)
DR% 96.70 £4.70 94.48 £2.51 9557 £1.55 96.69 £1.22
Tuong thich
sinh hoc (%
té bao 84.29 £ 0.83 90.67 £ 0.55 89.86 + 0.42 89.90 + 1.26
fibroblast
sbng sot)
ICs0 (LM)
déi vei té 18.08 + 0.55 8.31+1.99 3.27+0.35 4.80 + 0.46

bao MCF-7
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KET LUAN VA KIEN NGHI
KET LUAN

Véi muc tiéu va noi dung nghién ciu caa luan an “Nghién ciru tong hop céac
nanogel mang thudc da chirc ning trén co sé dan xuat chitosan-Pluronic dinh huéng
tng dung diéu tri ung thu”. Mot sé két qua noi bat cua luan &n da dat duoc tom tat

nhu sau:

1. Pi tong hop thanh cong hé phan phéi thubc nanogel CS—Pluronic véi 4
loai Pluronic khéac nhau 1a L61, P123, F127 va F68 thong qua két qua phan tich pho
IH-NMR, FT-IR, TGA, DSC. Két qua danh gi4 méi quan hé giira DL (%), CMC
va HLB cua cac loai Pluronic twong ¢ng cho thay gia tri DL (%) cua 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, gia tri HLB cua L61 < P123 < F127 < F68.
Nhu vay kha nang nang héa CUR cua nanogel CS—Pluronic phu thudc vao gia tri
CMC cta CS—Pluornic ciing nhu Pluronic ma khong phu thudc vao gié tri HLB cua
Pluronic tién chat. Trong s6 cac loai nanogel CS—Pluronic, CS—P123 c6 kha ning
nang héa CUR cao nhat twong ¢ng vai gia tri CMC thap nhat, dong thoi co kha
nang luu gitt CUR cao nhét 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
thugc phi hop cho viéc phan phéi thudc. Két qua khao séat kha ning giai phong
CUR cho thay céac nanogel CS—Pluornic gitr thuéc ¢ méi truong pH 7.4 (phu hop
v6i moi trudng sinh 1y co thé ) va giai phong manh ¢ moi truong pH 5 (phi hop Vi
moi trudng khdi u ung thu). Nghién ciru doc tinh té bao in vitro cho thay nanogel an
toan va it doc tinh va phi hop dé phan phdi CUR hd tro diéu tri ung thu vi. Hiéu
qua nang hoa hop chat Ky nuéc cao va 6n dinh, CS—P123 1a lya chon hiéu qua cho
viéc nghién ctru hé phan phéi thuée.

2. i tong hop thanh céng hé phan phéi thubc CS—P123 véi tac nhan hudng
dich 1a FA va BIO. Cac nanogel da duoc xac dinh cau tric hoa hoc, gia tri CMC,
kha ning nang hoa PTX, dic diém hinh thai, kich thuéc, dién tich thong qua céc két
qua phan tich tH-NMR, FT-IR, TGA, DSC, TEM, DLS. Két qua cho thdy, kha
ning nang hoa PTX cua c4c nanogel khong khac nhau dang ké, dat muc téi vu 1a
2% PTX, cac hat nanogel mang PTX c6 kich thuéc phu hop cho viéc phan phéi
thudc. Két qua thir nghiém in vitro cho thay kha niang giai phong PTX cua nanogel
manh trong moi truong acid, trong khi d6 giit thudc trong méi trudng sinh 1y co thé,
Vi phuong an thiét ké lién hop phéi tir hudng dich FA 1én mach Pluronic P123 cua
hé CS—P123—FA s0 v&i phuong an thiét ké lién hop phdi tir FA 18n mach chitosan
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cua hé¢ FA-CS—-P123 la mot phuong phap mdi chua dugc nghién ciu trude day.
Vi 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 hi¢u qua tuong
tac hudng dich té bao ung thu via (MCF—7) hon so voi hé FA-CS—P123, diéu nay
thé hién qua hinh anh huynh quang ciing nhu kha nang tiéu diét té bao MCF—7 cia
CS—P123-FA/PTX (ICso= 3.27 nM) manh hon so vdi FA-CS—P123/PTX
(1C50=8.31 nM). Trén co s& do, phdi tir huéng dich BIO duoc lya chon phuong an
thiét ké lién hop véi mach Pluronic P123 trong hé CS—P123-BIO dé danh gia hiéu
qua hudng dich cia BIO so véi FA. Viéc thir nghiém kha nang tiéu diét té bao
MCF—7 cua PTX thong qua nanogel CS—P123-BIO/PTX (ICso= 4.8 nM) c6 thé
khang dinh BIO 1a mot phdi tir c6 thé thay thé FA trong viéc thiét ké hé phan phoi
thudc hudng dich.

KIEN NGHI

1. Tiép tuc danh gia kha nang 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 tic nhan hudng dich khac nhau nhu: peptit, cac
khang thé (antibody) nham lya chon tic nhan hudng dich tét nhat cd thé.

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

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

5. Tiép tuc nghién ctu kha ning mang da thuc chong ung thu cua hé chat
mang CS—P123 hudng dich trén co so paclitaxel két hop voi cyclophosphamide,
mitoxantrone, edatrexate, 5-fluorouracil va doxorubicin.,
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Phu luc 19. Ph6 FT-IR caa CS —L61.

Analyst
Tuesday, February 25, 2020 10:17 AM

| “”"‘”’ﬂ| |

1771, 41882
1722.68cm-

|||
A

T455
1528.35cm{1 12567
1218

\\
1375 dBem-1

L
2972 A38m-1
2875 DBem-1

3446.08cm-1

ParkinElmer Spectrum V
Tusaday, February 25, 20

55cm-1 .
583 83em-1

k34 26cm-1

14p3.70em-1

4000

Analysy

Date

%T

102,

100+

95

904

85

804

751

701

65

60

55

3500 3000 2500 2000 1500
cm-1
CS-L61  Sample 173 By Analyst Date Tussday, February 25 2020

Phu luc 20. Ph6 FT-IR ciua CS—-F127.
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Monday, March 02, 2020 1:28 PM
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Phu luc 21. Ph6 FT-IR cua CS—F68.

Analyst
Tuesday, February 25, 2020 10:55 AM
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Phu luc 22. Biéu d6 xac dinh gia tri CMC cua P123 (a), CS—P123(1-5) (b),

CS-P123(1-10) (c), CS—P123(1-15) (d) va CS—P123(1-20) (e) & 25 °C va 37 °C.

@ 4 E
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31.5 +4.34 pg/mL (37 °C)
= 3t
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4 4
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.E- =
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(@* e 4
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Phu luc 23. Biéu d6 so sanh két qua DLS cua P123, CS—P123(1-5),
CS-P123(1-10), CS—P123(1-15) va CS—P123(1-20) & 25 °C va 37 °C.
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Phu luc 24. Biéu d6 xac dinh gié tri CMC cua L61 (a), P123 (b), F127 (c) va F68 &

25°Cva37°C.
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(b)

L
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Phu luc 25. Biéu db xac dinh gia tri CMC ciia CS—L61 (a), CS—P123 (b), CS—F127
(c) va CS—F68 (d) ¢ 25 °C va 37 °C.

t ) * ;
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Phu luc 26. Biéu db xac dinh gia tri DLS cua CS—L61 (a), CS—P123 (b), CS—F127
(c) 25 °C va37°C.
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Phu luc 27. Biéu dd xac dinh gia tri DLS cia CS—L61/CUR (a), CS—P123/CUR
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Phu luc 28. Biéu d6 xac dinh gia trj thé zeta cia CS—L61/CUR (a), CS—P123/CUR
(b), CS—F127/CUR (c) va CS—F68/CUR (c) ¢ 25 °C.
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Phu luc 29. Pudng chuan CUR do & cac méi trudng khac nhau bang UV—Vis.

1.0 1.0
4304 0.25 ppm y =0.187420 x - 0.00216628
0.50 ppm 2
o —im R2=0.99975
2 2 2.0 ppm =
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(4:. —— 5.0 ppm fg
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0.5 O ppi 0.5
- —sopm | o,
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430! i s y=0.113052 x - 0.0137853
: ——1.0ppm R%=0.99975
2 ! —— 2.0 ppm 2
- a ! — 3.0 ppm
=05t Bym FBS 7.4 ——4.0ppm 2,05 Dém PBS 7.4
= —— 5.0 ppm “‘g
g
a
0.0

3.00

2.00

0.25 1.00

.00 5.00

300 350 400 450 500 550 600 4
Nong do (ppm) Nong d¢ (ppm)
Phu luc 30. Hiéu suat nang hda CUR.
Ham Nong Nong Nong d6 CUR do duoc
N luwon do mau do m
Tén miu ong - €6 ma 0 (pprm) DL (%) EE (%)
CUR do CUR \ ‘ ,
Lan1 Lan 2 Lan 3
(%) (ppm) | (ppm)
5 50 25 240 | 240 | 232 474+0.08 | 9488 153
P123 10 25 25 231 | 205| 217 | 871+0.44 | 87.05+436
15 25 3.75 246 | 223 | 207 | 901064 | 60.07 +4.24
5 50 25 255 | 244 | 240 | 492+0.13 | 98.49 « 2.64
CS-P123(1-5)
10 25 25 241 235| 210 9.15+053 | 91.45+533
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Ham Nong | Nong Nong do CUR do duoc
Tén mau lugng | domau | do (pprm) DL (%) EE (%)
CUR do CUR . . .
Lan1l | Lan2 | Lan3
(%) (ppm) | (ppm)
15 25 3.75 2.50 277 | 257 | 10.45+0.47 | 69.64 +3.13
5 50 2.5 2.40 249 | 249 492+0.08 | 98.47 +1.64
CS-P123(1-10) 10 25 2.5 2.51 241 | 240 976+0.21 | 97.57+2.06
15 25 3.75 3.10 339 | 297 1262+0.71 | 84.12+4.70
5 50 2.5 2.50 246 | 240 491+0.08 | 98.21+1.65
CS-P123(1-15) 10 25 2.5 2.30 250 | 241 960+0.33 | 96.03 *3.27
15 25 3.75 2.68 2.97 | 253 [10.91+0.73 | 72.76 + 4.85
5 50 2.5 2.40 257 | 241 492+0.15 [ 98.32+3.10
CS-P123(1-15) 10 25 2.5 2.40 238 | 251 971+0.22 [ 97.09+2.25
15 25 3.75 2.70 240 | 2.66 | 10.34+0.54 | 68.92 + 357
5 50 2.5 2.12 228 | 204 [429+020 |8588+3.96
CS-L6 10 25 2.5 1.37 117 | 1.30[512+034 |[51.17+341
15 25 3.75 1.55 149 | 1.23[570+056 |37.98+3.75
5 50 2.5 2.35 248 | 258 4.94+0.19 |98.83+381
CS-F127 10 25 2.5 2.21 236 | 2.20[9.02+£0.29 [ 90.24+2.89
15 25 3.75 2.20 248 | 238[941+0.46 |62.76+3.06
5 50 2.5 1.91 2.02| 200[396+0.10 | 79.20+1.93
CS-F68 10 25 2.5 1.13 099 | 097 [412+029 [41.20+2.89
15 25 3.75 1.21 097 | 1.06[432+041 [2882+271
Phu luc 31. Nong d¢6 CUR giai phong theo thoi gian ¢ pH 7.4.
Nong do Nong d6 CUR do theo thoi gian N
\ A . . Phan tram
Tén miu Nong dg | CUR — ¢6 | Thoi (pprm) CUR tich
mau (ppm) | trong  mau gian \ 3 5 .
Lan 1 Lan 2 Lan 3 liy (%)
(ppm)
0.5 0.29 0.30 0.19 6.65 + 1.29
1 0.10 0.21 020 [10.91+1.19
2 0.12 0.17 0.20 | 15.06+0.79
3 0.12 0.18 0.19 [19.31+0.80
CS-L61/CUR 2000 117.70 6 0.21 0.17 020 | 24.23+0.48
12 0.19 0.12 0.20 | 28.55+0.88
24 0.22 0.11 0.14 [ 3252+1.26
36 0.29 0.15 016 | 37.64+1.64
48 0.19 0.18 0.13 | 41.85+0.70
0.5 0.12 0.12 0.23 1.88 +0.63
1 0.16 0.15 0.14 3.68+0.11
2 0.15 0.12 0.06 5.03 + 0.45
CS-P123/CUR 2000 247.12 3 0.17 0.12 0.19 6.98 + 0.33
6 0.10 0.19 0.16 8.81+0.45
12 0.19 0.15 0.11 | 10.650.40
24 0.19 0.07 012 [ 12.16+0.56
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36 0.22 0.16 0.11 14.12 +0.56
48 0.22 0.10 0.15 16.03 +0.59

0.5 0.21 0.25 0.22 3.63 +0.30

1 0.16 0.15 0.16 6.16 +0.11

2 0.13 0.18 0.18 8.71+0.36
3 0.19 0.13 0.13 11.09 + 0.47
CS-F127/CUR 2000 188.32 6 0.10 0.14 0.04 12.56 + 0.62
12 0.20 0.09 0.15 14.86 +0.71
24 0.10 0.15 0.06 16.45 + 0.59
36 0.14 0.08 0.16 18.43 +0.56
48 0.19 0.12 0.08 20.49 + 0.67

0.5 0.25 0.13 0.11 5.18 + 1.86
1 0.17 0.19 0.21 11.15+0.53
2 0.19 0.15 0.14 16.08 +0.72
3 0.19 0.15 0.27 22.42 +1.67
CS-F68/CUR 2000 95.49 6 0.22 0.16 0.29 29.35 + 1.66
12 0.01 0.20 0.04 31.94 +2.64
24 0.17 0.19 0.30 38.74 +1.83
36 0.11 0.09 0.18 42.65 + 1.20
48 0.16 0.17 0.10 47.16 +0.97

Phu luc 32. Nong d6 CUR giai phong theo thoi gian & pH 5.
Nong  do Nong d6 CUR do theo thoi gian L
o Néng do | CUR  c¢6| Thoi (ppm) Phan trim
Tén mau ~ ’ ~ . CUR tich
mau (ppm) | trong mau | gian X 5 3 .
Lan1l Lan 2 Lan3 lay (%)
(ppm)

0.5 0.75 0.69 0.67 17.66 +0.90
1 0.70 0.58 0.45 32.06 + 2.56
2 0.54 0.44 0.32 42.87 +2.22
3 0.40 0.39 0.25 51.52 +1.73
CS-L61/CUR 2000 119.68 6 0.30 0.23 0.30 58.41 + 0.88
12 0.36 0.31 0.26 66.20 + 1.02
24 0.30 0.15 0.23 71.87 +1.58
36 0.29 0.28 0.13 77.72+1.92
48 0.28 0.10 0.11 81.78 +2.05

0.5 0.57 0.49 0.41 5.92 +0.80
1 0.52 0.45 0.41 11.49 +0.55
2 0.50 0.56 0.42 17.46 +0.70
3 0.58 0.42 0.43 23.24 +0.88
CS-P123/CUR 2000 246.77 6 0.58 0.56 0.40 29.47 +0.94
12 0.45 0.41 0.23 33.87 +1.19
24 0.52 0.41 0.30 38.89 + 1.10
36 0.59 0.34 0.36 44.13 + 1.40
48 0.52 0.30 0.49 49.47 +1.18
CS-F127/CUR 2000 188.05 0.5 0.84 0.72 0.73 12.16 + 0.85
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1 0.73 0.65 0.52 22.32+1.38
2 0.62 0.56 0.41 30.78 £1.47
3 0.53 0.40 0.32 37.46+1.39
6 0.37 0.36 0.20 4242 £1.23
12 0.44 0.33 0.26 47.85+1.20
24 0.28 0.13 0.37 52.08 £1.57
36 0.38 0.21 0.18 56.06 +1.42
48 0.32 0.28 0.12 59.93 £1.37
0.5 0.62 0.77 0.68 21.78 £1.97
1 0.45 0.31 0.35 33.37+£1.83
2 0.35 0.52 0.36 46.21 +£2.49
3 0.38 0.50 0.29 58.46 + 2.62
CS-F68/CUR 2000 95.22 6 0.24 0.33 0.53 69.90 £ 3.85
12 0.46 0.68 0.47 86.87 £ 3.11
24 0.21 0.12 0.09 91.27 +£1.52
36 0.02 0.10 0.02 92.74£1.17
48 0.03 0.12 0.04 94.73+1.29

Phu luc 33. M6 hinh dong hoc Zero-order cta cac nanogel CS—Pluronic/CUR.

100 e
Ly =1.0381x +40.2822
80 F R2=0.6988
a4
= 60 |
(.g I
= 40

- CS-L61/CUR
y =0.6382x + 14.6855

.“._.v
0 o R2=0.8405
M 1 M 1 i 1 M L
0 12 24 36 48

Thaoi gian (gio)

100
L CS-FI27/CUR a5
80 ——pH74 e
Ly =0.7686x + 28.7960
60} R?=10.6985

%CUR

40

R2=10.7920
1 i 1

24 36 48

Thaoi gian (gio)

%CUR

—a—pH 5

——pH74

CS-P123/CUR

y=0.7688x + 16.8983
R2=0.8082

- V= 0.2555x + 5.0543
R%=0.8441
1 i 1

12 24 36 48

Thaoi gian (gio)

120
100

L CS-F68/CUR
Py =1.2752x + 47.3720
[ R?=0.6453 g

80
60 |
40
WL e = 0.7435x + 162402
oY R = 0.7934

0 2 24 36 a3

Thai gian (gio)




Phu luc 34.
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Log (%CUR) Log (%CUR)

%CUR

Mo hinh dong hoc First-order cta cac nanogel CS—Pluronic/CUR.
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Mo hinh dong hoc Higuchi cua cac nanogel CS—Pluronic/CUR.
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Phu luc 36. M6 hinh dong hoc Power Law cua cac nanogel CS—Pluronic/CUR.

| CS-L6L/CUR | CS-P123/CUR ——pH
y =0.2876x + 3.4141 '_’"_._,..—" ——pH 7.4
2 4} R2=0.8804 " ~ 4 [y =0.4127x +2.4306
=) : = [ R?=0.9201
< Q 3t
S —=—pH 5 s
o0 —a—pH 74 o0
=} e <
i =0.3690x +2.3816 —
Y; POTUX T 2 y=0.4204x + 1.2469
R?=0.9566 s R2 = 0.9406
1 i L i L i L i L i " 1 " L A L i L i
-1 0 I 2 3 4 -1 0 I 2 3 4
Log (thoi gian) Log (thoi gian)
5
| CS-F127/CUR st CS-F68/CUR —s—pH 3

—a—pH 7.4
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L 1 0 | 2 3 4
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Phu luc 37. Phan tram té bao séng s6t sau khi u véi cac loai nanogel CS—Pluronic
trén nguyén bao soi (té bao Fibroblast) & nong d6 100 pg/mL sau 48 gio.

. Phan trim té bao séng sot (%)
Tén mau . . . _
Lan1 Lan 2 Lan 3 Trung binh
CS-L61 79.84 74.38 70.12 74.78 £ 4.87
CS—P123 85.23 83.97 83.67 84.29 + 0.83
CS-F127 87.04 86.41 85.15 86.20 + 0.96
CS—Fo68 90.34 93.2 92.08 91.87+1.44

Phu luc 38. Phan tram giy doc té bao cia cac mau trén dong té bao ung thu va
MCF-7 & cac nong do khac nhau.

Tn miu Nong do ‘ Phan trim ‘géy doc té b39 MCF-7 (%)
CUR (UM) Lan 1 Lan 2 Lan 3 TB
27.15 70.64 71.66 69.16 | 70.49 +1.26
20.36 65.77 59.57 63.65 | 63.00 +3.15
CUR 13.57 53.37 46.49 52.27 | 50.71+3.70
6.79 29.37 16.7 25.75 | 23.94 +6.53
2.71 5.78 8.49 502 |6.43+1.82
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Tén miy Nong do ‘ Phan trim ‘géy doc té béf) MCF-7 (%)
CUR (uM) Lan 1 Lan 2 Lan 3 TB
27.15 89.25 91.26 88.32 |89.61+1.50
13.57 79.77 82.27 80.14 |80.73+1.35
CS-L61/CUR 2.71 31.10 35.08 30.37 |[32.18 +£2.54
1.36 17.46 20.85 1343 [ 17.25+3.71
0.27 1.62 3.75 421 |3.19+1.38
27.15 69.36 71.04 69.04 |69.81+1.07
20.36 63.14 63.33 64.10 |63.52+0.51
CS-P123/CUR 13.57 56.00 53.79 55.89 | 55.23 +1.25
6.79 30.56 27.63 29.74 |29.31+1.51
2.71 4.99 5.50 591 |5.47+0.46
27.15 69.25 71.29 68.81 |69.78 +1.32
20.36 66.27 64.57 67.18 |66.01+1.32
CS-F127/CUR 13.57 59.33 54.68 56.91 | 56.97 +2.33
6.79 38.19 31.81 36.8 |35.60+3.36
2.71 15.77 15.96 14.70 | 15.48 +0.68
27.15 69.25 70.16 68.34 | 69.25+0.91
20.36 68.13 65.28 67.27 |66.89 +1.46
CS-F68/CUR 13.57 62.31 61.86 63.54 | 62.57 +0.87
6.79 39.83 39.36 40.31 | 39.83+0.48
2.71 -1.07 0.86 878 |2.86+5.22

Phu luc 39. Gia tri ICso ctia c&c mau CS—Pluronic/CUR trén dong té bao ung thu vi
MCF-7.

R x Gia tri ICso (UM)
Tén mau . . <
Lan 1 Lan 2 Lan 3 B

CUR 15.61 16.83 16.02 16.15+0.62
CS-L61/CUR 4.86 4.21 5.10 4.72 +0.46
CS-P123/CUR 13.11 13.46 12.70 13.09+0.38
CS-F127/CUR 10.91 12.16 11.37 11.48 + 0.63
CS-F68/CUR 11.35 11.51 10.75 11.20 £ 0.40
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Phu luc 40. Bo hap thu axit folic (a), Pudng chuan axit folic (b) va do hap thu cua
FACS-P123 va CS-P123-FA trong hdn hop dung méi DMSO: H20 (9:1 v/v).

(a) (b)
0.3 010l ¥=0.0174118 x+0.0175369
g é 12 =0.99963
A =
= 0.2 ; 0.08
w3 &
= =
< < 0.06 |
a ;
0.1 _
0.04
0.0 i 1 i 1 i 1 1 . 1 - 1 - 1
300 350 400 450 1 2 3 4 5
Buéc song (nm) N?)ng do (ppm)
(©) o[
—FA-C5-P123
= —— C8-PI23-FA
=
N
(="
&
=
)
300 350 400 450
Budc song (nm)
Phu luc 41. Phé *H-NMR cua FA.
FOLIC ACID-DMSO-d6-1H
g IO 8% 283 LRNANMAONT ARSES5S3R588E
o La ne 855 TYEYXTILTSY rigooddaddaddasiny
scm w__
e e S o i
g8 & 8 e 8 g8 g 5
9:0 8‘,5 8.0 5 ?ICI 6.5 6.0 5.5 : -i:O 3:5 3:0 2:5 2:0 ].:5 ]fEI IJ:.S

4.5
f1 (ppm)
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Phu luc 42. Pho 'H-NMR cua BIO.

BIOTIN-DMSO-d6-1H
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Phu luc 43. Két qua xac dinh gia tri DL% va EE% cuaa cac nanogel mang thubc

PTX.
o N6~ng do | Nongdd | Nong do PTX do dugc DL (%) EE (%)
Tén mau mau do PTX (ppm)
(ppm) (ppm) | Lan1 | Lan2 | Lan3 B B
1 0.934 | 0905 |0.919 |092+0.01 |91.93+1.18
CS-P123/PTX 100 2 1983 |1.899 |1.698 |1.86+0.12 |93.00+5.98
3 2.025 |2188 |1.877 |203+£0.13 | 67.67+4.23
FALCS 1 0.955 | 0.897 | 1.05 | 0.97+0.06 | 96.73+6.31
100 2 1.784 | 2.053 | 1.897 | 1.91+0.11 | 95.57 +5.51
P123/PTX
3 2.098 | 2.172 | 2.018 | 2.10+0.06 | 69.87 +2.10
CS.P123 1 1.002 | 0.982 | 0.897 | 0.96 +£0.05 | 96.03 £ 4.55
100 2 1.683 2.01 1.858 | 1.85+0.13 | 92.52 + 6.68
FA/PTX
3 2.009 | 1.948 | 2078 | 2.01+£0.05 | 67.06 +£1.77
CS.P123 1 0.975 |0.997 |0.876 |0.96+0.03 | 94.93+5.26
100 2 1879 |1568 | 1783 |1.89+0.07 |94.17+6.50
BIO/PTX
3 2.008 |2.272 |2.008 |199+0.02 |69.87+4.15
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Phu luc 44. Nong d6 PTX giai phong khoi nanogel theo thoi gian & pH 7.4.

N Nong do .. Nong d6 PTX do theo thoi L
Nong i Thoi . Phan tram
- 2 PTXes | gian (ppm) o
Tén mau dé mau trong miu gian PTX tich liy
a ) s 3
(ppm) (gio) Lan1 Lan 2 Lan 3 (%)
(ppm)
0.5 0.158 0.101 0.109 495+1.24
1 0.107 0.058 0.068 8.08 +1.04
2 0.091 0.048 0.039 10.47 £1.12
3 0.056 0.022 0.095 12.80 £1.47
CS-P123-
PTX 2000 1.860 6 0.076 0.016 0.045 1464 +1.21
12 0.056 0.005 0.032 15.89 £1.03
24 0.058 0.01 0.003 16.84+1.21
36 0.063 0.019 0.007 18.04 £1.19
48 0.062 0.008 0.003 19.02+1.32
0.5 0.112 0.093 0.099 4.05+0.32
1 0.008 0.084 0.021 556 +1.33
2 0.059 0.021 0.078 7.67 £ 0.95
3 0.038 0.009 0.002 8.32 +0.62
FA-CS-P123-
PTX 2000 1.874 6 0.003 0.008 0.059 9.26 +1.01
12 0.094 0.007 0.007 10.70 + 1.64
24 0.067 0.002 0.005 11.68 £1.20
36 0.009 0.068 0.003 12.75+1.17
48 0.004 0.006 0.006 12.96 £ 0.04
0.5 0.101 0.092 0.053 3.32+0.84
1 0.038 0.046 0.047 5.09+0.16
2 0.084 0.058 0.094 8.28 £ 0.62
3 0.073 0.028 0.091 10.88 + 1.07
CS-P123-
2000 1.850 6 0.054 0.064 0.073 13.46 £ 0.31
FA/PTX
12 0.012 0.019 0.037 14.38 + 0.43
24 0.003 0.005 0.002 14.51 + 0.05
36 0.003 0.008 0.009 14.78 £ 0.11
48 0.008 0.005 0.006 15.04 + 0.05
0.5 0.104 0.189 0.149 6.34 £1.83
1 0.108 0.084 0.021 9.39+1.93
2 0.055 0.038 0.094 12.07+1.24
CS-P123- 3 0.011 0.036 0.095 14.11 +£1.86
2000 1.743
BIO/PTX 6 0.058 0.018 0.059 16.05+1.01
12 0.008 0.005 0.108 17.78 + 2.52
24 0.093 0.005 0.002 19.22 +2.22
36 0.063 0.018 0.009 2051+1.24




163

Tén mau

Nong
do6 mau
(ppm)

Nong do
PTX cé
trong mau
(ppm)

. Néng d6 PTX do theo thoi L
Thoi . Phan tram
. gian (ppm) e
gian PTX tich iy
(gi0) Lan 1 Lan 2 Lan 3 (%)
48 0.078 0.005 0.006 21.78 £1.80

Phu luc 45. Nong d¢6 PTX giai phong khoi nanogel theo thoi gian & pH 5.0.

N Nf”)ng do . Néng d6 PTX do theo thoi L
Nong i Thoi ] Phan tram
A x L\ PTX co . gian (ppm) .
Tén mau do mau x gian PTX tich Iy
(ppm) frong may (gi0) Lan 1 Lan 2 Lan 3 (%)
(ppm)
0.5 0.125 0.109 0.195 577 +1.84
1 0.091 0.196 0.025 9.96 £ 3.48
2 0.076 0.184 0.072 14.42 £ 2.56
3 0.025 0.168 0.054 17.74 + 3.05
CS-P123-
PTX 2000 1.860 6 0.093 0.199 0.059 22.46 £2.94
12 0.078 0.136 0.065 26.21 £1.52
24 0.054 0.112 0.127 30.15 £ 1.55
36 0.056 0.184 0.048 34.02 = 3.08
48 0.056 0.203 0.053 38.21 £3.46
0.5 0.112 0.093 0.099 4.05+0.32
1 0.008 0.084 0.021 5.56 +1.33
2 0.059 0.021 0.078 7.67 £0.95
3 0.038 0.009 0.002 8.32 £0.62
FA-CS-P123-
PTX 2000 1.874 6 0.003 0.008 0.059 9.26 £1.01
12 0.094 0.007 0.007 10.70 £ 1.64
24 0.067 0.002 0.005 11.68 £1.20
36 0.009 0.068 0.003 12.75+1.17
48 0.004 0.006 0.006 12.96 £ 0.04
0.5 0.101 0.092 0.053 3.32+£0.84
1 0.038 0.046 0.047 5.09 £ 0.16
2 0.084 0.058 0.094 8.28 £ 0.62
3 0.073 0.028 0.091 10.88 + 1.07
CS-P123-
2000 1.850 6 0.054 0.064 0.073 13.46 £ 0.31
FA/PTX
12 0.012 0.019 0.037 14.38 + 0.43
24 0.003 0.005 0.002 14.51 £ 0.05
36 0.003 0.008 0.009 14.78 + 0.11
48 0.008 0.005 0.006 15.04 £ 0.05
0.5 0.126 0.128 0.196 6.45 +1.71
CS-P123-
2000 1.743 0.109 0.203 0.108 12.48 + 2.35
BIO/PTX
0.182 0.197 0.109 19.47 £ 2.03
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N Nong do .. Nong d6 PTX do theo thoi L
Nong i Thoi . Phan tram
A x . PTX co , gian (ppm) s
Tén mau d6 mau N gian PTX tich liy
(ppm) frong mau (giv) | Lan1 Lan 2 Lan 3 (%)
(Ppm)
0.123 0.092 0.203 25.47 £2.46
0.174 0.154 0.095 31.53+1.77
12 0.178 0.126 0.094 37.24 +£1.82
24 0.096 0.148 0.067 41.70 £ 1.77
36 0.067 0.159 0.074 46.00 £ 2.20
48 0.063 0.149 0.057 49.86 £ 2.21
Phu luc 46. M6 hinh dong hoc Zero-order.
60 80
CS-P123/PTX —ea—pH 5 | CS-P123-BIO/PTX ~—=—pH3
—+—pH74 e : ——pH74 4
a0l y=0.6466x + 11.3261 2 60T y=08556x+15.6845 3
< R?=0.8277 = R?=10.7619
= = 40}
o [a
8 20 S
T 20 =
-y =0.2736x + 8.4460 P
0 R — 0.6587 y=0.3118x +9.5943
’ 0 R?=10.7120
0 12 % 36 48 0 12 24 36 48
Thei gian (h) Thoi gian (h)
60 80
FA-CS-P123/PTX L CS-P123-FA/PTX
< 0F RrRZ= 0.7803 x [ R*=07452
— - pH 3 =
o ——pH 7.4 o 4
5\: 20 L. o\o
200
P
0 = o y=0.1831x + 8.3864
R?=0.7338 0 R? =0.5022
0 12 24 36 48 o 12 24 36 48
Thoi gian (h) Thei gian (h)




Phu luc 47: M6 hinh dong hoc First-order.

Phu luc 48: M6 hinh dong hoc Higuchi.
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Log (% PTX)

Log (% PTX)

% PTX

% PTX

CS-P123-BIO/PTX —=PH3
2k ——pH ?.4' :

y=0.0313x + 0.4267
R?=10.5371 :

& y=0216x+0.6594
v R%=0.5635
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Phu luc 49: M6 hinh dong hoc Power Law.

CS-P123/PTX

y=0.3728x +2.2869
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Phu luc 50. Phan trim té bao song sét sau khi u véi cac loai nanogel trén nguyén
bao soi (té bao Fibroblast) & ndng do 100 pg/mL sau 48 gio.

. Phan tram té bao séng s6t (%)
Tén mau . ; ;
Lan1l Lan 2 Lan 3 Trung binh
CS—P123 85.23 83.97 83.67 84.29 + 0.83
FA-CS-P123 90.36 90.35 91.31 90.67 £ 0.55
CS-PI123-FA 89.38 90.16 90.03 89.86 £ 0.42
CS—P123-BIO 88.92 91.32 89.47 89.90 +1.26

Phu luc 51. Phan traim gay doc té bao cua cac mau PTX, nanogel mang PTX trén
dong té bao ung thu vit MCF-7 & cac nong d6 khéc nhau.

T miu Nong do ‘ Phér} tram gay dcf)c‘ té bao MCF-7 (%)
PTX (nM) Lan 1 Lan 2 Lan 3 B
11.71 52.07 55.18 55.03 54.09 + 1.75
oTX 5.86 37.09 44.95 43.3 41.78 + 4.14
2.93 31.89 38.12 38.2 36.07 + 3.62
1.17 2.02 1.64 -6.56 -0.97 +4.85
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Tén miu Nong do ‘ Pha‘u? tram gay dcf)c‘ té bao MCF-7 (%)
PTX ("M) | Lan1 Lan 2 Lan 3 B

0.12 244 379 1034 552+423
23.42 56.02 60.56 63.01 59.86 + 3.55
1171 40.56 34.44 3631 3710314
CS-P123/PTX 5.86 3501 26.02 29.03 30,02+ 4.58
117 5.74 3.73 7.02 5.50 + 1.66

0.59 2.05 167 0.67 146071
1171 66.26 59.45 50.26 58.66 + 8.03
5.86 47.74 42.62 42.01 4546 + 2.00
PZZA?:;?'X 2.34 18.33 22.83 2752 22.89 * 4.60
117 9.07 16.91 22.05 16,01 654

0.59 17 037 14.9 4.28%9.22

5.86 65.35 67.87 69.5 67.57+ 2.00
2.34 40.97 41.95 5.1 46,01+ 7.89
CS-P123- 176 2154 21.43 23.23 22,07 + 1.01
FA/PTX 117 6.68 1953 18.99 1507 £ 7.27
0.82 6.65 5.7 953 729+ 1.09

0.59 713 2.25 035 174+484
1171 67.55 61.12 66.85 6517 * 3.53
5.86 59.72 56.00 57.01 57.91+ 1.82
CS-P123- 2.34 43.55 38.63 35.93 39.37 + 3.86
BIO/PTX 117 16.97 1758 17.23 17.26 £ 0.31
0.59 3.96 5.05 771 5.57 +1.93

Phu luc 52. Gia tri 1Cso ciia cAc mau PTX, nanogel mang PTX trén dong té bao ung
thu va MCF—7.

X Giatri 1Cso (UM)
Tén mau < . <
Lan1 Lan 2 Lan 3 B

PTX 9.37 8.20 8.20 8.19+1.17
CS-P123/PTX 18.38 18.42 17.45 18.08 + 0.55
FA-CS-P123/PTX 6.68 7.61 10.42 8.31+£1.99
CS-P123-FA/PTX 3.63 3.40 2.93 3.27+0.35
CS-P123-BIO/PTX 4,33 5.39 4.80 480 +0.46




