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VAT LIEU NANO POLYMER UNG DUNG TRONG
Y DUQC, VAT LIEU MOI
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I. TINH HINH NGHIEN CUU VA UNG DUNG NANO POLYMER TRONG: Y
DUQC, VAT LIEU MOI TREN THE GIOI VA TAI VIET NAM

Trong vai thap ky gan ddy nhén loai di chung kién su phét trién manh mé vé khoa
hoc c6ng nghé nhd vao cac két qua nghién ctru co tinh dot pha trong linh vuc nhu vat
liéu nano polymer. Cac vat liéu nano polymer dugc quan tam nghién ctru nhu polymer
sao, dendrimer, nanogel-nanocapsule, polyme micelle-Liposome ...da duoc ung dung
nhiéu trong y dugc va vat liéu méi, tuy c6 nhiéu hudng nghién ctru khac nhau nhung
huéng nghién ctru duoc quan tam nhiéu nhat la:

- Nano polymer I thanh phan gia cuong cho cac hop chat cao phan tir dé tao
vat liéu mai.
- Ung dung nano polymer 1am chat dan thudc, dua thubc dén dang té bao dich.

Trong vai ndm gan day, hang loat c4c cong trinh nghién ctu khoa hoc vé tng
dung nano polymer da duoc nghién ctu va cong bé.

1. Tinh hinh nghién ciru va @wng dung nano polymer trong: y dwgc, vat liéu méi
trén thé giéi
1.1. Dendrimer:

Nam 2003 Bhadra va cong su di nghién ctu st dung dan xuat caa dendrimer
(pegylate PAMAM dendrimer) dé mang thudc fluorouracil diét té bao ung thu. Két qua
thir nghiém chat mang thuéc trén chudt albino cho thay: Thudc fluorouracil duoc nha
cham kéo dai vai ndng d6 on dinh trong mach mau, pegylate dendrimer giam that thoat
thudc trong qué trinh van chuyén va giam doc tinh véi méau so véi PAMAM. Két qua
trén da duoc cong bd trén Int. J. Pharm.
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So' do téng hep dendrimer poly(propylene imine)

Trong patent US 7,005,124 (28 thang 2 nam 2006), Malik va cac cong sy da cong
hé thong van chuyén thudc dua trén nanopolymer dendritic-antineoplastic (cis-
Platin). Patent US 7,186,413 (niam 2007) céng bd hé thong van chuyén thudc
(Mitoxantrone va cis-Platin) trén co s& chat mang 1a PAMAM. Két qua cho thay hoat
luc cua thube ting 1én trong khi d6 d6 doc tinh cua thudc giam nhiéu va thoi gian tac

bo

dung cua thudc ting rd rét.

Mark Grinstaff va cac cong su (nim 2007) da tong hop dugc hat nanopolymer
dendritic (dendrimer) tao phutc véi thudc chong ung thu (Camptothecin). Thudc phirc
dendrimer d tiéu diét duoc té bao ung thu chi trong 2 gio va hoat luc ting 16 1an so véi

khi duing thudc ung thu thong thuong.
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Nam 2008, Y Cheng va cac cong su da nghién ctu kha nang st dung PAMAM
nhu 13 chat mang thudc camptothecin chéng ung thu (hau nhu khéng tan trong nuéc).
Két qua nghién ctu cho thay do tan caa camptothecin ting déang ké khi két hop Vi
PAMAM.

Mot sb két qua nghién cau caa Bob A. Howell, Daming Fan va Leela Rakesh
(ndm 2008) cho thay: Ddi vai té bao ung thu bach cau L1210 phac PAMAM-cis-Platin
va cis-Platin c6 tac dung twong duwong nhau, tuy nhién ddi véi té bao ung thu sic to
B16F10 phic PAMAM-cis-Platin c6 tac dung tét trong khi cis-Platin khéng co tac
dung. Va céc tac gia cling chimg minh duoc PAMAM-cis-Platin it doc d6i Voi co thé
hon so véi cis-Platin khoang 10 lan.

Nam 2009, Ismaeil Haririan va cong sy di tién hanh tong hop phtc dendrimer
G1.0, G2.0 c6 nhom ngoai cing la acid citric véi cisplatin. Diéu nay lam cho phuc
dendrimer-cisplatin v&i nhom bén ngoai la acid citric dé dang xam nhap vao va giy doc
té bao ung thu hiéu qua hon cisplatin. Cu thé, phuac dendrimer G1.0-cisplatin c6 kha
ning gy doc ddi véi té bao ung thu biéu md lién két HT1080, té bao ung thu truc trang
CT26 lan luot cao hon cisplatin 1a 3 va 3,7 1an. Ngoai ra, do c6 s nhém acid citric
nhiéu hon nén phic G2.0-cisplatin x&m nhap va @c ché té bao ung thu HT1080, CT26
tét hon phuc G1.0-cisplatin. Két qua khao sat vai phac dendrimer G2.0-cisplatin cho
thay kha ning gay doc cua phuc nay voi 2 dong té bao trén lan luot cao hon cisplatin 1a
8,4 va 9 lan.

Nam 2010, Myc va cong sy nghién cau két hop gitta PAMAM, thudc
methotrexate chéng ung thu va tic nhan folic hudng dich trong in vitro va in vivo.
Nghién ctu thuc hién trén ca 2 loai té bao thuong va té bao ung thu v (human breast
adenocarcinoma) cuing véi tao khéi u bang phuong phap xenograft. Két qua nghién cau
cho thay chat mang PAMAM mang thudc chdng ung thu va tac nhan dén dich uvu tién
diét té bao ung thu hon té bao thuong.

Nam 2011, Venkata K. Yellepeddi va cong su da tong hop thanh cbng phic
PAMAM c6 nhdm ngoai cung la NH, va biotin véi cisplatin. Sau do, nhém nghién ctru
da tién hanh nhiing thir nghiém in vitro dé khao sét hoat tinh chéng ung thu ctia cac
phtrc ndy trén mot s6 dong té bao ung thu budng trimg nhuw OVCAR3, SKOV3 va CP70.
Két qua khao sat cho thay céc phuc PAMAM-cisplatin déu c6 hoat tinh cao hon
cisplatin & ca 3 dong té bao trén. Diac biét, ca 2 phtrc déu thé hién hoat tinh cao dbi véi
dong té bao khang cisplatin CP70. Cu thé, gia tri I1Cs, ctia phirc PAMAM-NH,-cisplatin
va PAMAM-biotin-cisplatin d6i voi dong CP70 da giam lan luot 3,2 va 3,6 1an so voi
cisplatin. Ngoai ra, biotin c6 thé lam giam dién tich dwong trén nguyén tir nitrogen, nho
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d6 lam tang tinh tuong hop sinh hoc cia PAMAM. Bong thoi, biotin ¢6 kha ning dinh
huéng dén céac té bao ung thu budng tring. Do d6, phirc biotin-PAMAM-cisplatin hira
hen s& mang lai két qua kha quan khi thir nghiém in vivo.

Ciing trong nam 2011, cac nghién cuu st dung carboxilat PAMAM (G3.5, G4.5,
G5.5, G6.5) dé mang thudc cisplatin chdng ung thu d duoc thuc hién bai Gordon va
cac cong su. Két qua nghién ctu cho thay luong cisplatin c6 thé nha duoc tir cac
dendrimer trén lan luot 18, 30, 35, 63%. Do d6, nhom nghién ciru tién hanh khao sét
hoat tinh caa phuc PAMAM G6.5-cisplatin trén co thé chudt mang té bao ung thu
budng trang A2780. Véi liéu luong 6mg/kg, phtc nay va cisplatin cho hiéu qua tuong
duong nhau, kich thudc khéi u giam twong tmg 32% va 33%. Do c6 doc tinh cao nén
khi str dung liéu luong cisplatin cao hon 6mg/kg s6 chudt diéu tri sé chét. Trong khi do,
véi lieu luong 8mg/kg phic G6.5-cisplatin 1am giam kich thuéc khéi u dén 45% nhung
khdng thay biéu hién ngo doc & s6 chudt duoc diéu tri.

Carolyn L. Waite va cac cong su (2009) da gan poly (amidoamine) (PAMAM)
dendrimer v&i vong RGD peptide. PAMAM-RGD tiép hop c6 thé tao phtc véi SIRNA
dé tao thanh phtc hop cua khoang 200 nm kich thudc. Cac hat nano nay cé thé ting
cudng mang va nha cham SiRNA vao té bao U87 cells.

Rameshwer Shukla(2008) nghién cau dendrimer polyamidoamine (G5) lién két
véi Herceptin, mot khang thé don dong humanized lién két véi thu thé yéu té ting
truéng cua con ngudi-2 (HER2). Cac lién hop dendrimer ciing duoc hién thi dé tc ché
reductase dihydrofolate véi cac hoat dong tuong tu nhu methotrexate.



1.2. Polymer sao:
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So do téng hep polymer sao GM-poly(AA): (1)téng hep BIBB 4 nhanh; (2) téng hep BIEA; (3) synthténg
hep poly(t-BA) bang phwong phdp ATRP; (4) Swthiiy phan cia poly(t-BA); (5) gidn GM.

Youliang Zhao( 2005) nghién ctu tong hop cac poly(tert-butyl acrylate) (PTBA)
hinh sao véi sy khac nhau vé sé luong va chiéu dai cac canh bang phuong phap ATRP.

Xue L (2005) nghién ctu tong hop polymer sao poly(methyl methacrylate)
(PMMA) c¢6 6 nhanh dua trén phan tng ATRP cua methyl methacrylate(MMA) va
2,3,6,7,10,11-triphenylene hexa-2-bromo-2-methylpropionate.

Sun H (2009) nghién ctu tong hop polymer sao poly(methyl methacrylate)
(PMMA) ¢6 4 nhanh dua trén phan tng ATRP cua methyl methacrylate(MMA) va
pentaerythritol tetrakis (2-bromoisobutyrate).

Xie D (2007) nghién ctu ang dung polymer sao poly(acrylic acid) 1am chét gia
cuong cho xi mang rang.

Zhihua L (2011) nghién ctu tong hop polymer sao polystyrene dwa trén phan ¢ng
cta nhiéu loai core khac nhau va PS-OH.

Youliang Zhao( 2005) nghién ctru tong hop cac poly(tert-butyl acrylate) (PTBA)
hinh sao véi sy khac nhau vé sé lwong va chiéu dai cac canh bang phuong phap ATRP.

-7-



1.3. Nanogel-nanocapsule:

Nam 2007, nhom nghién cau KI HYUN BAE, YOUNG JIN HA, CHUN SOO
KIM, KYU-RI LEE va TAE GWAN PARK cua Vién Khoa hoc va Ky thuat cao Han
Qudc, da phat trién cac bao nang nano pluronic/chitosan chira cac hat nano oxide sat.
Cac bao nang nano dugc tong hop bang viéc phan tan cac hat nano oxide sit da duoc
bién tinh ky nudc va céc dan xuat pluronic phan tng amine trong dung méi hitu co, va
sau d6 nhil hoa trong dung dich nudc chitosan bang siéu am. Céac bao nang nano tong
hop véi lién két chéo ¢ 16p vo ¢6 ciu trac nhu mot binh chira nano dang don 16i/vo: céc
hat tir trong 16i va 16p vo polymer Pluronic/Chitosan ky nudc, duge xac dinh bang phan
tich nhiét trong truong (thermogravimetric analysis) va kinh hién vi dién tir truyén qua
(TEM = transmission electron microscopy). Kinh hién vi laser quét dong tiéu (CLSM =
confocal laser scanning microscopy) cho thiy cac bao nang nano c6 gan rhodamine
duoc dong hda mot cach hiéu qua boi cac té bao ung thu phoi khi tiép xic voi ving tix
truong ngodi. Nghién ciu hién tai dé nghi rang céc vat liéu nano méi c6 thé duoc sir
dung lam tac nhan phat tir tinh gan céc chat chdng ung thu khac nhau ciing nhu ding
cho chuan doan ung thu bang hinh anh cong huong tur.

58 3 M
L gtz \/ \/ Solvent
257 s Cross-linking ; / evaporatlon
c { Q \' — 1

c \"/ @pHS ( .‘
R ey f /\7\
. leomclchltosan

.
nanocapsule encapsulating
Oil-in-water emulsion magnetic nanoparticles

d

: . Activated — e
*  * Pluronic F127 w
s ® . Chitosan f

< Magnetically triggered
S . Oleic acid-stabilized intracellular uptake of
= © iron oxide nanoparticles nanocwsu'es

So' do téng hep cé&c hat nano tir tinh véi chike néing la cdc bao nang nano c6 vé lién két chéo
pluronic/chitosan

Nam 2008, nhém nghién cuu Yuhan Lee, Sung Young Park, Chunsoo Kim, Tae
Gwan Park thudc phong khoa hoc sinh hoc, Vién Khoa hoc va Ky thuat méi Han Quéc
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d bao cdo vé cac nanogel thay doi thé tich theo nhiét do gay phong noi bao dé lam chét
té bao do bi hoai tir. Cac nanogel nay s& thay ddi tir kich thudce nano thanh kich thudc
micro theo sy thay doi cua nhiét do, va dugc tng dung dé giét chét cac té bao ung thu.
Cac nanogel duoc hinh thanh bang cach tao lién két chéo gitra oligo(L-lactic acid)-
poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide)-oligo(L-lactic acid) va
poly(ethylene glycol) ghép véi poly(L-lysine), cac nanoel ndy c6 su thay doi thé tich
nghich tir ~150 nm ¢ 37 °C thanh ~1.4 pm & 15 °C. Khi bénh nhan ung thu duoc diéu tri
bang k¥ thuat séc lanh, cac nanogel trong ndi bao s& phong to 1én dot ngot 1am pha v
cau tric mang ludi tu tap hop dudi mac té bao gom c6 khung té bao va mang tui tiét, roi
lam phé v& cau tric mang té bao bang phuong phap vat Iy, dan dén két qua 1a cac té bao
chét vi bi hoai tr. Cac “bom nano (bombnano)” thong minh bi né do cac tac nhan kich
thich bén ngoai c6 thé duoc sir dung mot cach hiéu qua dé lam pha vé té bao.

Nam 2011, nhém nghién cau Daoben Hua, Jianlin Jiang, Liangju Kuang, Jing
Jiang, Wan Zheng, va Hongjun Liang thudc Phong Thi nghiém Trong diém vé Tong hop
Hitu co Tinh Jiangsu, Trung Qudc va hop tac vai Phong Ky thuat Vat liéu va Luyén kim
cta Colorado, My da bao cdo vé cac chat mang nano cd cac nhanh thong minh trén nén
chitosan dé kiém soat qua trinh van chuyén cac loai thuc ky nuéc. Ho da dung phuong
phap hoa hoc xanh dé lién hop mot cach hiéu qua cao cac chat ky nude (dung Lilial 1am
nguyén mau) véi (1—4)-2-amino-2-deoxy-p-D-glucan (chitosan) thong qua su hinh
thanh lién két Schiff base trong dung dich ion, 1am cho céc chitosan dé tan trong dung
méi hiru co théng thuong va hiéu chinh dé bién tinh thém cac chirc niang khac. Vi du
poly(N-isopropylacrylamide) nhay nhiét duoc ghép vai lién hop chitosan — Lilial.
Copolymer nay tu tap hop trong nudc tai pH trung tinh thanh cac chat mang nano cé cau
trdc dang vo - 18i véi sy phan b kich thudc ¢6 loi (d = 142 + 60 nm) cho qua trinh diéu
tri bang tiém tinh mach. Duéi diéu kién nhiét do ting va acid (T = 37°C, pH = 4.5), nhu
la sy hap thu cua tiéu thé va co quan ndi bao, cac chat mang nano dut thanh tirng manh
va hinh thanh cac mixen d4o véi kich thuéc giam dang ké (d = 8 + 3 nm) c6 loi cho su
bai tiét théng qua chirc nang loc cia than, va 70% cac phan tir Lilial duoc giai phong
trong 30h qua qua trinh cat dut lién két Schiff base bang thuy phan. Di liéu nay da
ching minh viéc phat trién chit mang nano trén nén chitosan dé mang céc thudc ky
nuéce dung trong qua trinh diéu tri bang dudng tiém tinh mach 1am ting hiéu qua diéu tri
dang ké.



1.4. Polymer micelle — Liposome:
Phuong phép ché tao micelle khdi st dung cac chat hoat dong bé mat da duoc
nghién cau nhiéu trong hai thap ky qua.Nhiing nghién cau tap trung vao viéc lam 6n
dinh céc cu tric dang bong bang trung hop chu yéu duoc st dung 1am chat mang thudc.

Liposome

Cdu tgo mgt Polymer micelle-Liposome mang thuéc

TRENDS in Parecologesf Sosces

So' do ciza mét liposome 2 lop

Gan day, Kaler va cong sy da sir dung bao micelle can bang duoc tao ra do két
hop cac chat hoat tinh bé mat cation va anion nhu cetyltrimethylammonium toluene
sulfonate (CTAT) va sodium dodecybenzen sulfonate (SDBS) dé gin ciac monomer nhu
styrene va divinyl benzene (DVB) vao. Bang cach thay d6i ty 1é cua SDBS, da thu duoc
polystyrene chiém téi 10% bang cac khoi két tu dang micelle boc ma khéng pha v cau
trdc caa ching. Viéc tring hop cac monomer di gin vao sé& lam cho tinh 6n dinh coa
bao két tang 1én dang ké. Kich thudc duong kinh dién hinh cua céc bao nay 1a 60nm va
do6 day cua lop vo hai lop 1a khoang 10nm.
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Micelle thugn (trdi) va micelle dio (phai)

Yutao Liu va cong su (2009) di nghién ciru tong hop hé dan thudc nano trén nén
polymer micelle mang thudc Docetaxel (v 1a mang lipid don va 15i polymer phan huy
sinh hoc), két hop acid folic 1am ting hiéu qua hudng dich trong diéu tri bénh ung thu.
Trong nghién cau nay, Poly (lactide-co-glycolide) (PLGA), mét loai polymer phan huy
sinh hoc khong gay doc té bao duoc sir dung l1am 18i va bao boc bai 16p hdn hop mang
lipid don (bao gdébm 1,2-dilauroylphosphatidylocholine (DLPC),1,2-distearoyl-sn-
glycero-3-phosphoethanolamine-N-[methoxy(polyethylene  glycol)-2000]  (DSPE-
PEG2k) va 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[folate(polyethylene
glycol)-5000] (DSPE-PEG5k-FOL). Két qua cho hé dan thudc co kich thudc trong
khoang 263nm vai kha ning bao thudc 13 66,88%, dic tinh 6n dinh cao, bé mat co loi
cho sy hap thu di dong va quan trong hon 1a ¢6 tinh huéng dich tét .

Trong nghién cuu khac, Sonya Cressman va cong su (2009) st dung cac ligand la
tac nhan hudng dich dé ting kha ning dan thudc cta cac phan tr nano liposome
(LNs).CAc tac gia da sir dung tac nhan hudng dich 1a chudi peptide ngan chia arginine-
glycine-aspartic acid, cRGDfK, lién hop vai mang lipid distearoyl phosphatidyletha-
nolamine (DSPE) dé hinh thanh hé LNs mang thudc Doxorubicin.
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2. Tinh hinh nghién ctru va wng dung nano polymer trong: y dwoc, vat liéu méi
tai Viét Nam va Vién Khoa hoc Vit ligu Ung dung

Trong nhiing nam gan day, cac vat liéu mang tai thudc nano da dwoc quan tam
nghién cau, ché tao boi nhidu co s¢ nghién ctru khac nhau nhu Vién Khoa hoc Vat ligu
va Vién Cong nghé Hoa hoc thuoc Vién Khoa hoc va Cong nghé Viét Nam, Dai hoc
Bach Khoa Ha Noi, Trung tdm nghién cuu tng dung sinh y dugc hoc thuéc Hoc vién
Quan Y...Trong do, tap thé khoa hoc cia GS. Nguyén Xuan Phic, PGS. Tran Dai Lam,
TS. Ha Phuong Thu (Vién Khoa hoc Vat liéu) két hop véi tap thé khoa hoc cua PGS.
Nguyén Thi Quy va TS. Hoang Thi My Nhung (Pai hoc Khoa hoc Ty nhién Ha Noi) da
tién hanh nghién cau va thir nghiém in vivo trén chudt thanh cong vé hiéu tng dét tir caa
chat long tir tng dung cho nhiét tri ung thu. Viéc sir dung cac polymer thién nhién tng
dung lam chat mang thubc di va dang thu hit duoc sy quan tm cta nhiéu nha khoa hoc
v6i nhiéu dé tai cap Nha nudc va cap Bo KH & CN. Theo huéng nghién cau do,
PGS.TS. Lé Mai Huong (Vién Héa hoc cac hop chat thién nhién-Vién Khoa hoc va
Cong nghé Viét Nam) dang chu tri dé tai khoa hoc cip Nha nudc “Khdo sat hogt tinh
khang u thuc nhiém ciia cdc polysaccharide dac biét tir ndm dan va nam dwoc lidu va
nghién cizu sdn pham chuyén héa sinh hoc cac polysaccharide nay thanh cac sdn pham
c6 gia tri sir dung cao hon”. San pham chu yéu la nhiing oligopolysaccharide duoc cat
mach tir polysaccharide 1,3 beta Glucan ng dung mang thuoc nano Curcumin hd tro
diéu tri ung thu. Két qua cho thay vat liéu nay c6 kha ning giam kich thudc khdi u va
tan suat xuat hién caa khéi u.

Step I:
NO-

O

cl\|o]/° \@Oj\o*\/o*{ o

mPEG-2000 4-nitropheny! d-nitrophenyl carbonate mPEG
chloroformate chlonde

4O~ % ol

Step 2:

oM 5 G; Dendrmer Dialysis /(i\
@\O;Lo/f.\/o‘}p( & Lyophilization N 0*\_/0‘1"1(_”]32

d-nitrophenyl carbonate mPEG mPEG-dendrimer

So dé tong hgp mPEG-dendrimer
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PGS.TS. Pham Gia Dién thudc Vién Héa hoc — Vién Khoa hoc va Cong nghé
Viét Nam ciing dang chu tri dé tai cip Vién Khoa hoc va Céng nghé vé bién tinh
chitosan nham 1am chat mang thuéc. Huéng nghién ctru nay ciing duoc PGS.TS. Pham
Hitu Ly thuc hién ¢ dé tai cap Vién KH & CN Viét Nam.

Pé tai cap Nha nude vé Khoa hoc Ty nhién va Dinh huéng ung dung lién nganh
do GS. Nguyén Xuan Phuc chu tri giai doan thuc hién 2009-2011 da tién hanh nghién
ctru tham do kha ning ché tao hé conjugate 16i v6 co vo hitu co ¢b ca dic tinh tir va dac
tinh quang. Chét hitu co Curcumin duoc hap phu I&n hat nano tir Fe;0, boc chitosan va
boc axit oleic. Nhirng nghién ciru ban dau cho thay cac conjugate phuc tap nay té ra la
cac hé mang thudc da ning cho phép theo ddi ¢6 tham nhap cua chling vao thuc thé
séng bang k¥ thuat anh hién vi huynh quang. Két qua da ghi nhan duoc kha ning ting
cudng d6 huynh quang cta Curcumin khi duoc boc nhé xubng cip hat kich thuéc
nanomet.

Pbi v4i hudng nghién ctu téi dich ung thu, nhém nghién ctu cua PGS.TS. Lé
Quang Huan thudc Vién Cong nghé Sinh hoc c6 dé tai “ Nghién citu ché tao cdu tric
nano Aptamer-micelles ing dung trong chdn dodn va diéu tri ung thw . Tai Hoc vién
Quan y, c4c nha nghién ctru da trién khai nghién ctru ung thu trén mé hinh chuét thiéu
hut mién dich (nude mouse) véi hé thong phong thi nghiém nudi cay té bao va dong vat
chuan hoa theo huéng dan cua cuc quan ly thuc pham va dugc (FDA) Hoa Ky. Budc
dau da trién khai nudi cay tiang sinh mot s6 dong té bao ung thu nguoi khac nhau nhu té
bao ung thu va, ung thu phdi, ung thu gan, ung thu da day, ung thu lympho non-
hodgkin CD20 duong tinh va CD20 am tinh, ung thu thanh quan Hep2 va da ghép thanh
cdng té bao ung thu thanh qua ngudi (Hep2) va té bao ung thu tién liét tuyén nguoi (PC-
3) phét trién trén chudt nude. Vién Quan Y 103 dang phdi hop véi Vién Hat nhan Pa
Lat nghién ciu sy phan bé va tac dung diéu tri cua 1! - gan khang thé khang nhan doi
véi ung thu tuyén tién liét nguoi trén chuét thiéu hut mién dich. Bénh vién Bach Mai
cling diéu tri ung thu non-hodgkin bang khang thé don dong gan I'™**

Tir cac dé tai nghién ctru co ban (nam 2003) va dé tai cap Vién Khoa hoc va Cong
nghé Viét nam (2008-2009 va 2010-2011), nhém nghién ciru ciaa PGS. TS. Nguyén Ctu
Khoa da nghién ctu tong hop va tng dung nanopolymer dendrimer va dan xuat caa né
vao linh vuc diéu tri ung thu. Sau day 1a cac nghién ciru tidu biéu:

Nam 2007, tac gia Phan Thi Thanh Thao da tdng hop dendrimer PAMAM tir core

ammonia, phat trién nhanh bang methylacrylate va ethylenediamine (Luan vian Thac si
hoa hoc).
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Nam 2009, tac gia Truong Phing My Dung tiép tuc tong hop dendrimer PAMAM
nhung véi core ethylenediamine, phat trién nhanh bang methylacrylate va
ethylenediamine. (Luan van tét nghiép dai hoc).

Nam 2010, tac gia L& Thi Kim Phung d tong hop mot loai dendritic polymer
khac tuong hop sinh hoc cao tur trimethylolpropane va dimethylolpropionic acid. (Luan
van Thac si hda hoc).

Ciing trong nam 2010, tac gia Nguyén Anh Tuin di nghién ctu tong hop thanh
cong phuc platinum véi cac thé he dendrimer PAMAM khac nhau. Cac phtic nay déu c6
kha nang gay doc dong té bao ung thu phdi NCI-H460 (Luan van Thac si hoa hoc).
Phirc caa mudi K2PtCl4 va PAMAM c6 hoat tinh chéng ung thu cao (tuong duong véi
thudc CisPlatin) mac di mudi K,PtCl, khong c6 hoat tinh chong ung thu. Phuc cia Cis-
Platin véi PAMAM c6 hoat tinh chéng ung thu cao gap 3 lan so véi thudc Cis-Platin.
Két qua thir nghiém kha niang chéng tang sinh té bao trén dong té bao ung thu phoi NCI-
H460 cho théy cac phac PAMAM-Pt ¢ hoat tinh manh hon PAMAM va K,PtCl,.

Nam 2011 nhom nghién ctru d thuc hién thanh cong dé tai “Nghién citu téng
hop Polyamidoamin lai hda véi PEG cdu tric nano va #ng dung lam chat mang thugc
chong ung thuw 5-Fluorouracil *.

.........

Ddn xudt twong hop sinh hoc ciia PAMAM

Chat mang thubc PAMAM dugc lai héa bang PEG nham lam ting kha nang
tuong hop sinh hoc cta chat mang va mang thudc 5-FU bang phuong phap tham tich.
Thubc PAMAM G3.0-MPEG-5-FU duoc thir nghiém kha ning tiéu diét khéi u dugc tao
boi té bao ung thu va MCF-7 trén chudt. Két qua thir nghiém cho thay, 5-FU duoc nang
hod véi pegylate dendrimer cho hiéu qua diét té bao ung thu tai khdi u (tao boi
xenograft) tét hon nhiéu l1an so véi trudong hop ding 5-FU tu do. Két qua thu duoc caa
nhém nghién ciru dang dwoc phan bién trén tap chi qudc té uy tin J. Biomedical
Nanotechnology.
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Nhitng két qua dat duoc cia dé tai 1a nén tang co sé cho nhiing nghién ctu tiép
theo nham tng dung chat mang thuéc PAMAM-MPEG gan Véi cac tac nhan hudng dén
dich diéu tri nham muc tiéu tang hiéu luc cua thubc, giam do doc caa thude, giam licu
sir dung thudc va ting hiéu qua trong diéu tri c4c bénh ung thu.

Nghién ctu @ng dung polymer sao tai Viét Nam chua dwgc quan tdm nhiéu.
Nguyén Thi BichHanh(2009) nghién ctu phan &ng tong hop polyacrylate hinh sao bang
phuong phap ATRP.

Nim 2011 nhém nghién citu PGS.TS Nguyén Ciru Khoa d3 nghién ctiu tong hop
va ung dung polymer sao PMA. Két qua thu dugc caa nhém nghién ctu dd dugc cong
bé trén tap chi uy tin qudc té (2011) nghién cau tng dung polymer sao PMA 1am chét
gia cwong nhua PVA.

Tai Viét Nam,Nguyén Dtic Nghia va cong sy da thanh cong trong viéc tao két bao
nano micelle khi str dung chat hoat tinh bé mat 1a dodecylbenzen sulfonic acid (DBSA)
tao micelle boc dé gan cac monomer pyrrole vao. Tién hanh tring hop cation tac gia da
nhan dugc polypyrrole két bao bén viing c6 do Ién khoang 70nm

Hé dan thudc nano st dung liposome va céc phan tir kich thudc nano dang 13 k¥
thuat ni troi trong viéc diéu tri ung thu. N6 c6 thé cai thién duoc tinh chat duoc dong
hoc, kiém soat va duy tri duoc toc do nha thude, va quan trong hon hét 13 tinh doc tinh
thap cua hé thong. Nhiing tién bo gan day trong cong nghé liposome da gitp diéu tri tot
hon céc bénh ung thu va suy tim.

Pham Nguyén Pong Yén da nghién ctu thur nghiém nha noc doc bo cap qua hé
mang hydrogel polymer y sinh nhay cam nhiét d6 trén chudt. Su phan hay cua triblock
hydrogel PCL-PEG-PCL ngam noc bo cap xay ra cham va noc bo cap khdng anh hudng
dén qua trinh phan hay triblock hydrogel. Hydrogel PCI-PEG-PCL c¢6 thé ¢ing dung lam
chat mang dé phdi tron thuéc 1a noc bd cap cho dudng tiém dudi da khi ham luong
thudc tich lily dat 66,88% theo in vitro, thoi gian nha thudc 1a 7 ngay trén chudt céi
trerdng thanh.
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Il. XU HUONG SAN XUAT VA UNG DUNG NANOPOLYMER TRONG Y
DUQC, VAT LIEU MOI QUA CAC SO LIEU SANG CHE PANG KY

1. Tinh hinh nghién cru san xuat va &«ng dung Nanopolymer

1.1. Tinh hinh ding ky sang ché vé san xuit va &ng dung nanopolymer tir 1993-
2012

264
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Date of Mpplication

Tinh hinh ding ky sdng ché vé nghién cizu nanopolymer tir 1993-2012
( 1925 sang ché, nguén Wipsglobal )

— Theo luong thdng tin tiép can duoc tir co so dit lieu Wipsglobal, tir nim 1993 dén
nay c6 1925 sang ché nghién ctu vé nanopolymer.

— Nam 1993, ¢6 2 sang ché ding ky vé nanopolymer tng dung trong céng nghiép
gém sir. Mot sang ché duoc dang ky tai to chic chau Au (EP) vao ngay 01/09/1993 va
mot sang ché dugc ding ky tai Nhat (JP) vao ngay 04/10/1993.

— Trong giai doan dau (1993-1997), lugng dang ky sang ché it, trung binh mdi nam
chi ¢ 1-2 sang ché duoc ding ky.

— Tu ndm 1999 tr& di, lwong dang ky sang ché bit dau tang va tap trung nhiéu vao
cac nam 2005 (224 sang ché), naim 2008 (264 sang ché).

— T 2009 dén nay: luong dang ky sang ché vé nano polymer bat dau giam.
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1.2. 10 quéc gia c6 nhiéu sang ché nhat vé nghién ciru san xuat va #ng dung
nanopolymer

693
700

600
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300
200 -

100 2 20 20 g 5

O !-"' T T T T T T T T T I"zz
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10 quéc gia c6 nhiéu ding ky sdng ché vé nghién ciru sdn xudt va ieng dung nanopolymer
( nguén Wipsglobal )

— C6 40 qudc gia c6 sang ché nghién ctu vé nanopolymer. Trong d6, 10 quéc gia
c¢6 luong dang ky sang ché nhiéu nhat 1a: Trung Quéc (CN): 693 sang ché, Han Quéc
(KR): 402 sang ché, My (US): 286 sang ché, Nhat (JP): 90 sang ché, buc (DE): 41
sang ché, Pai Loan (TW): 22 sang ché, Canada (CA): 20 sang ché, Uc (AU): 20 sang
ché, Ao (AT): 9 sang ché va Nga (RU): 5 sang ché

— 4 qudc gia & khu vuc chau A nghién ctu vé nanopolymer: Trung Québc, Han
Quéc, Nhat Ban va Pai Loan. Trong d6, Trung Qudc 1a quéc gia co lugng sang ché
dang ky nhiéu nhat (693 sang ché).
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1.3. Ty 1é phan bé cac sang ché vé nghién cwku san xuat va wng dung

>

nanopolymer trong y dwoc, vat liégu méi & 10 qudc gia c6 lwong ding ky sang ché
nhiéu nhat

120.00% 7

100.00% -

80.00% -

60.00% -

40.00% H

20.00% -

0.00%
CN KR us 1P pE_| Tw | ca Al AT RU
"Y dugc 230% | 1% |[0.70% | 0% |4.90% | 0% 5% 0% 0% 0%

m Vatli¢u méi | 29.90% | 13.40% | 8.40% |24.40% |19.50% | 4.50% | 10% 15% | 44% 0%
= Huéng khac | 67.80% | 85.60% | 90.90% | 75.60% | 75.60% | 95.50% | 85% | 85% | 56% | 100%

B Huong khac  ®Vatlituméi  ®Y duoge

Ty 1¢ phan bé cac sang ché vé nghién nanopolymer trong y dwoc, vit ligu méi ¢ 10 quéc gia co
lwong ding ky sdng ché nhiéu nhdt ( nguén Wipsglobal )

Theo db thi biéu dién, trong 10 qudc gia c6 luong dang ky sang ché nhiéu nhat vé
nanopolymer, huéng nghién ctiu vé tng dung nanopolymer trong san xuét vat liéu moi
chiém ty 1 cao hon huéng nghién ciru tng dung trong y duoc.

Trong tong sé cac sang ché vé nanopolymer ding ky tai cac quéc gia, tng dung
nanopolymer trong san xuat vat liéu mai chiém ty Ié nhu sau:

o Ao: 44%/ tong s6 sang ché vé nanopolymer tai Ao.
e Trung Qudc: 29.9%/ tong sé sang ché vé nanopolymer tai Trung Qudc
o Nhat Ban: 24.4%/ tong s6 sang ché vé nanopolymer tai Nhat Ban.

-18-



Trong tong sé cac sang ché vé nanopolymer dang ky tai cac quéc gia, tng dung
nanopolymer trong y dugc chiém ty 18 nhu sau:

e Canada: 5%/ tong sb sang ché vé nanopolymer tai Canada.
e Duc: 4.9%/ tong s6 sang ché vé nanopolymer tai Duc.

e Trung Qudc: 2.3%/ téng s6 sang ché vé nanopolymer tai Trung Quéc.

2. Tinh hinh nghién ciu san xuit va @ng dung Nanopolymer trong y dwoc

2.1. Tinh hinh ding ky sang ché vé san xuat va wng dung nanopolymer trong y
dwoc tir 2001-2011

7 i

Court

ary

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Date of Application

Tinh hinh ding ky sdng ché vé san xudt va tng dung nanopolymer trong y duwoc
(32 sang ché, nguon Wipsglobal )

— Tur 2001-2011, c6 32 sang ché dang ky vé san xuat va ung dung nanopolymer
trong y dugc. Luong ding ky sang ché khéng nhiéu, trung binh mdi nam chi c6 2-3 séang
ché dugc dang ky.

— Nam 2001: sang ché dau tién duoc dang ky tai to chic chau Au (EP), sang ché do
nhém tac gia ngudi Phap thuc hién, dé cap dén nghién ctu tng dung nanopolymer vao
trong my pham,duoc pham,.. (S6 patent: EP1160005, Tac gia: Sonneville-Aubrun Odile,
Simonnet Jean-Thierry, Ngay nop don: 24/04/2001).
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— Nam c6 lugng dang ky sang ché nhiéu:
> Nam 2005: ¢6 6 sang ché dugc ding ky & Canada, Puc va My. Céc sang
ché tap trung dé cap dén viéc ung dung nanopolymer vao chat dan thudc ky
nudc.

> Nam 2010: ¢6 7 sang ché duoc ding ky ¢ Trung Québc va Phép.

2.2. Cac qudc gia c6 ding ky sang ché vé san xuat va wng dung nanopolymer
trong y dugcC
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CAac quéc gia cé ding ky sing ché vé sdn Xudt va ing dung nanopolymer trong y dwotc
( nguén Wipsglobal )

— C6 6 qudc gia diang ky sang ché vé san xuat va ung dung nanopolymer trong y
dugc: Trung Quéc (CN), Han Quéc (KR), My (US), buc (DE), Anh (GB) va Canada
(CA). Trong d6, Trung Qudc 1a quéc gia co ding ky sang ché sém nhat (nim 2002) va
lugng sang ché dang ky nhiéu nhat (16 sang ché).

— Nam 2008, Anh bat dau nghién ciu vé ung dung nanopolymer trong y duoc (1
sang ché).
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2.3. Cac hwong nghién ciru vé san xuat va ing dung nanopolymer trong y dwoc

0,
3.30% 3.30% 1 3.30%

3.30%

H A61K
3.30% = AG1L
m C08G
m DO4H
m CO8F
m B32B
BO1J

A61M

Cic hwoéng nghién cizu vé san Xuét va ung dung nanopolymer trong y duoc
( nguon Wipsglobal )

Tir 32 sang ché nghién ciru vé san xuat va tng dung nanopolymer trong y duoc
thu thap duoc tir CSDL Wipsglobal, theo bang phan loai sang ché quéc té (International
Patent Classification — IPC), c6 8 hudng nghién ctru. Trong do, 3 hudng nghién ciu
duoc quan tdm nhiéu nhat 1a:

< Ung dung nanopolymer vao thudc va chat dan thudc trong diéu tri bénh (chi s6
phan loai A61K theo IPC), chiém ty 1¢ 53.30%. C6 3 qudc gia dang ky sang ché thugc
huéng nghién cau nay: Trung Quédc, Anh va Han Quéc. Trong do, cic sang ché tap
trung cha yéu ¢ Trung Quéc.

< Ung dung nanopolymer dé sét tring dung cu y té va san xuat bang gac ( chi s6
phan loai A61L theo IPC), chiém ty 18 16.70%. C6 2 qudc gia ding ky sang ché thudc
huéng nghién ctu ndy 1a Trung Qudc va Han Qudc.
Ung dung nanopolymer 1am chat van chuyén cho duoc lidu ky nuéc (chi sé phan loai
CO08G theo IPC), chiém ty 1¢ 13.30%. My la quéc gia cé dang ky sang ché thudc hudng
nghién ctru nay.
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2.4. Céc t6 chirc ndp don ding ky sang ché nhiéu nhat vé san xuat va &ng dung
nanopolymer trong y dugcC

HERAEUS KULZER GMBH H 8

BASF AG - 2
WISCONSIN ALUMNI RESEARCH FOUNDATION — 4

SOUTHEAST UNIVERSITY

UNIV ALBERTA _ 3

Céc té chirc ngp don ding ky sdng ché nhiéu nhdt vé san xudt va iing dung
nanopolymer frong y duwoc (nguon Wipsglobal)

e Basf AG: Cong ty hoa hoc cua Duc, chuyén vé cac san pham: dau, khi tu nhién,
phan bén, soi tong hop, thuéc nhuém, bot mau, my pham, dugc pham.. ..

e Univ Alberta: Truong dai hoc ciia Cannada.

e Southeast University: Truong dai hoc Pong Nam Trung Québc

e Wisconsin Alumni Research Foundation: Quy cuu sinh vién nghién cuu khoa
hoc cua truong dai hoc Wisconsin — Madison (M§), chuyén khuyén khich — hd tro
nghién cuu khoa hoc va giup thuong mai hoa nhitng nghién cuu c6 tinh kha thi, hitu ich.,

e Heraeus Kulzer GMBH: Céng ty cua Bac, chuy@n san xuat va cung cap cac san
pham nha khoa va cac san pham phuc vuy trong phong thi nghiem.
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3. Tinh hinh nghién ciéu san xuat va wng dung Nanopolymer trong vat liéu méi

3.1. Tinh hinh ding ky siang ché vé san xuat va &ng dung nanopolymer trong
vat liéu mei tir 1997-2012
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Tinh hinh diing ky séng ché vé sin xudt va iing dung nanopolymer trong vt ligu mdi
(372 séng ché, nguon Wipsglobal )

— Theo co s¢ dit lieu Wipsglobal, tir 1997 dén nay c6 372 sang ché nghién ciu vé
san xuat va tng dung nanopolymer trong vt liéu méi.

— Nam 1997: 1 sang ché dau tién dang ky tai Nhat.

— T 2001-2005: lugng dang ky sang ché bat dau tang dan, trung binh mdi nam c6
thém 10 sang ché dugc ding ky. Nam 2005: c6 luong dang ky sang ché nhiéu nhat (57
sang ché), tap trung chia yéu ¢ Trung Qudc vai 28 sang ché dugc ding ky, chiém ty Ié
49%.

— Tur nam 2006 dén nay, lugng dang ky sang ché giam dan.

-23-



3.2. Cac quoc gia c6 ding ky sang ché vé san xuat va wng dung nanopolymer
trong vat liéu méi

250 -

207
200 -+
150 -
100 +

54
50 1" 24 2
4 3
CN KR US JP DE AT AU CA TW MX

CAac quéc gia cé ding ky sang ché vé san xudt va ieng dung nanopolymer trong vt liéu méi
(nguon Wipsglobal )

—~ C6 10 qubc gia dang ky sang ché vé nghién ctu san xuat va ung dung
nanopolymer trong vat liéu méi: Trung Quéc (CN), Han Quéc (KR), My (US), Nhat
(JP), bic (DE), Ao (AT), Uc (AU), Canada (CA), Pai Loan (TW) va Mexico (MX).
Trong d6, xuat hién 4 qudc gia phat trién ¢ khu vuc chau A: Trung Quéc, Han Qudc,
Nhat Ban va Dai Loan.

— Nam 1997: Nhat Ban 1a quéc gia dau tién co dang ky sang ché vé nanopolymer
g dung trong san xuat vat liéu mai. Nam 2001: Trung Qudc bat dau nghién cau vé
van dé nay nhung da nhanh chéng tré thanh quéc gia co nhiéu sang ché nhat hién nay.

— Pai Loan va Mexico 1a 2 qudc gia gan day bat dau nghién ciu vé nanopolymer
g dung trong san xuat vat liéu méi ( nam 2008).
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3.3. Céc td chirc ndp don ding ky sang ché nhiéu nhat vé san xuat va wng dung
nanopolymer trong vat liéu méi

HONEYWELL INTERNATIONAL INC.
TSINGHUA UNIVERSITY
JILIN UNIVERSITY

SICHUAN UNIVERSITY

NANJING NORMAL UNIVERSITY
ALLIED SIGNAL INC
% SAMSUNG SDI CO LTD

® NANOPHASE TECHNOLOGIES CORPORATION

Céc té chirc ngp don ding ky sdang ché nhiéu nhdt vé san xudt va gng dung
nanopolymer trong vat liéu méi (ngusn Wipsglobal)

e Nanophase Technologies Corporation: Cong ty cia My chuyén san xuat, thiét
ké cac san pham ung dung vat liéu nano, phuc vu cho nhiéu linh vuc: 6 t0, dién ti, san
pham cham séc sic khoe, son,...

e Samsung SDI Co Ltd: Cong ty cua Han Quéc chuyén san xuat cac thiét bi ki
thuat so, ti vi man hinh phang néi tiéng trén thé giéi.

e Allied Signal Inc: Céng ty cia My chuyén cung cap cac san pham phuc vu cho
nganh cong nghiép, nhu: bd phan 6 t, hda chat, soi, nhwa, vat liéu tién tién..

e Nanjing Normal University: Pai hoc Nam Kinh (Trung Quéc)
e Sichuan University: Pai hoc Tt Xuyén (Trung Quéc)

e Jilin University: Pai hoc Cat Lam (Trung Qudc)

e Tsinghua University: Pai hoc Thanh Hoa (Trung Quéc)

e Honeywell International Inc: Céng ty cia My chuyén san xuat cac san pham
tiéu ding, vat liéu xay dung, thiét bi ki thuat,..
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NHAN XET

— Céc nghién cau vé san xuat va tng dung nanopolymer da xuét hién tir thap nién
1990. Tuy nhién, nghién cau @ng dung nanopolymer vao trong y duoc, vat liéu méi bat
dau c6 sang ché tir nhitng nam cudi thap nién 1990, dau thap nién 2000.

— Nanopolymer dugc ¢tng dung nhiéu trong san xuat vat liéu méi, nhu: vat liéu cach
dién, vat liéu chong tham, vat liéu dién cuc,...Trong y duoc, nanopolymer duoc Gng
dung chu yéu lam chét dan thudc, chat van chuyén cho duoc liéu ky nudc, san xuat bang
gacy té,...

— 3 quéc gia co luong ding ky sang ché nhiéu nhit vé& nghién ciru san xuét va ang
dung nanopolymer trong y duoc, vat liéu méi: Trung Quéc, Han Quéc va My. Trong do,
Trung Quéc la qubc gia dan dau vé luong dang ky sang ché.

Cac to chuc c6 nhiéu don dang ky sang ché thudc vé céc qudc gia: Puc, My, Han Quéc
va Trung Quéc.

I11. GIOI THIEU MOT SO SANG CHE VE NGHIEN CUU SAN XUAT VA UNG
DUNG NANOPOLYMER TRONG Y DUQC VA VAT LIEU MO

1. Mot s6 sang ché vé nghién ciru san xuat va wng dung nanopolymer trong y
dugc

e Star polymer nano-medicament carrier preparation used for intracellular
medicament delivery and preparation

S6 patent: CN101961494
Ngay nop don: 26/09/2010
Tac gia: Ren Tianbin, Li Jianbo, Feng Yue, Li Yongyong, Jia Menghong

Nano polymer sao dugc dung lam chat mang thudc. Téng hop thudc-nano
polymer sao bao gdm cac thanh phan sau day theo khéi luong: 1 dén 20 phan thudc
chita bénh, tir 10 dén 200 phan caa copolymer amphiphilic, va tir 20 ¢én 500 phan dung
méi hitu co, trong d6 chat dong tring hop amphiphilic dugc hinh thanh tir polyester béo
hydroxyl.

e Method for preparing tumor enzyme-targeted nano medicine-carrying
polymer microsphere

S6 patent: CN 101480377
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Ngay nop don: 16/01/2009
Tac gia: Liu Baorui, Li Rutian, Qian Xiaoping

Lién két ndi caa nhdm methoxyl caa Polyetylenglycol va chudi peptide, nhém
methoxyl Polyetylenglycol-N-hydroxy succinimide phan tng véi amin caa PEP dé tong
hop hydrophile MPEG-PEP, lién két ndi cua cac hydrophile PEP-MPEG va PCL-
COOH,duing téng hop chat mang thuéc.

e Amphipathilic block polymer micelle nano medicament carrying system and
preparation method

S6 patent: CN 101829046
Ngay nép don: 21/05/2010
Tac gia: Chen Han, Li Xuemin, Zhang Qiqing, Zhang Tong

Cac mixen polymer dugc tong hop tir amphipathilic polymer nhu polyethylene
glycol-phosphatidyl etanolamin (PEG-DSPE) biang mét phuong phap hydrat hda mang,
va cac mixen cd thé duoc sir dung 1am chat mang thudc chdng khdi u, thuc héa tri ligu
cia khdi u. So véi cac mixen polymer tong hop ma khéng can thém céac phan tir ky
nude, cac polymer mixen thu dugc bang cach thém cac phan tir Ky nudc ting ty 18 tai
thudc.

e Calcium phosphate and amphiphilic polymer composite medicament-
carrying nano-microsphere, preparation method and application

S6 patent: CN101721709

Ngay nop don: 13/11/2009

Tac gia: Chen Xiaoyan, Duan Yourong, Li Xiaoyu, Liang Xiaofei, Sun Ying, Wang
Kewei, Zhu Yingjie

Hat cau nano calcium phosphate - polymer amphiphilic duoc tong hop lam chat
mang thudc, Calcium phosphate —polymer amphiphilic c6 nhiing loi thé nhu tong hop
don gian, twong hop sinh hoc cao, ¢6 thé duoc sir dung nhu mot thude an toan va hiéu
qua 1am sang.

e Ong d& dong mach véi mét I6p phia nano cho sw van chuyén thuéc ciaa
nanopolymer. S patent: WO10/143200, ngay nop don: 04/06/2010, tic gia:
Manoharan S.Sundar, MuralidharanT.R.
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e Nanopolymer - chat mang thuéc dudi gai nham muc tiéu khdi u dé chira
bénh. Sb patent: CN102429870, ngay nop don: 21/12/2011.

e Caiu trdc té ong nanopolymer bac khir triing 6ng thdng dung trong y té. Sé
patent: CN201949389, ngay nop don: 02/11/2010.

e Vit ligu nanopolymer c6 kha ning tw phan hity sinh hoc dé kiém soat sw giai
phéng thudc. S6 patent: KR2011-0129711, ngay nop don: 26/05/2010, tac gia: Lee
Young Seak, Bai Byong Chol, Lee Sung Kyu, Im Ji Sun.

e Phuong phap chuén bj vt liéu nanopolymer lam chat din thuéc. S6 patent:
CN1470289, ngay nop don: 26/07/2002, tac gia: Mi Hedu, Kou Fuping, Ma Lichuan.

e Nanopolymer Iam chat din thudc cho dwoc liéu Ky nwéc. S6 patent: US
20080038353, ngay nop don: 02/06/2005, tac gia: Lavasanifar Afsaneh, Kwon Glen.

2. Mot s6 sang ché vé nghién ciru san xuit va wng dung nanopolymer trong vat
ligu méi

e The polymer nano-hollow capsule preparation of super heat insulating
polymer material method
Sé patent: CN102504326
Ngay nop don: 28/09/2011
Tac gia: chua rd

Phuong phép tao vat liéu nano polymer cach nhiét, st dung amphiphilic dai

phan tir dé tong hop nano polymer -vién nang, sau dé tong hop chat lién két cac vién
nang, ti 1& chat lien két va vién nang tir 2,5: 1 dén 0,8: 1 c4c vién nang va chat lién két
ngang tao hé nhii twong , diéu chinh pH 3,0-6,8, phan tng duéi 30 phit nhiét d6 60-
90C, thoi gian 24h, gel nhii trong, sau d6 tetrahydrofuran thay thé cashiering m 18i sap
parafin & dang vién nang, siy chan khong dé co duoc polymer nano-xdp, do xop va kich
thude 16 ¢6 thé diéu chinh bang céach thay hé nhil trong nano-vién nang.

e Preparing method of nano polymer/metal composite material
S6 patent: CN1986631
Ngay nop don: 28/12/2006
Tac gia: Bin, Tang Yang

Polymer va kim loai duoc dit bén trong hé théng CO2 siéu téi han dé kim loai dé
tham vao polymer, 4p suat va nhiét do giam, kim loai thdng qua qué trinh thay hoac
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nhiét phan dé c6 duoc nano polymer / kim loai vat liéu composite. Tong hop nano
polymer / vat liéu composite kim loai, dong nhat sy phan tan cua cé4c hat kim loai.

¢ Polythiophene based polymer nano material and method for controlling the
properties of photoluminesence and conductivity of the same

Sé patent: KR2010-0119737
Ngay ndp don: 19/10/2010

Tac gia: Joo Jin Soo, Park Dong Hyuck, Lee Seok Ho, Lee Yong Baek, Hong Young Gi,
Kim Hyeon Seung, Jo Mi Yeon

Polythiophene polyme dua trén vat liéu nano dugc chuan bi boi
electropolymerization cua it nhat mdt monomer dugc lya chon tr mot nhom gém
thiophene, 3-methyl thiophene, 3-hexyl thiophene va thiophene 3-octyl. Vat liéu nano
polymer c6 duong kinh 150-250nm va chiéu dai ctia 7-30mum. Céc vét liu nano
polymer cho thdy dinh cao phat quang tdi da & muc 480-560nm. Cac vat liéu nano
polymer duoc pha tap voi it nhat mot dopent duoc lya chon tir mdt nhém goém cua
tetrabutyl hexafluorophosphate, 1-butyl-3-methylimidazolium hexafluorophosphate, axit
p-dodecylbenzenesulfonic, tetrafluoroborate tetrabutylammonium va
trifloromethansunfonat tetrabutylammonium. Mot phuong phap diéu chinh céc tinh chat
quang hoc cua polythiophene polyme dya trén vat 1i€u nano.

e Sir dung bot nanopolymer xép nhw vt liéu cach dién. S6 patent: EP2388288,
ngay nop don: 18/05/2010, tac gia: Birnbrich Paul, Thomas Hans-Josef , Stahlhut-Behn
Dagmar.

e Sir dung bot nanopolymer xép nhw vt liéu loc. S6 patent: EP2186843, ngay
nop don: 15/11/2008 , tac gia: Birnbrich Paul, Thomas Hans-Josef, Balser Martina.

e Phuong phap san xuat vat liéu chong tham nwoéc tir nano polyolefin nhiét
déo. S patent: CN200620154592, ngay nop don: 11/12/2006, tac gia: Chen Guilan.

e Polystyrene, dat sét nano — vat liéu hdn hep chira polymer sao. S6 patent :

CN1459467, ngay nop don: 23/05/2003, tac gia : Robelo D R, Yamagaoky N , Blanton
TN.

e Vit liéu dién cuc — Nanopolymer dat sét. S6 patent : W009/157044, ngay nop
don : 27/06/2008 , tac gia : Kim Kyung Sik.
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e Phuwong phap san xuit vat ligu hdn hop dan xen giira l6p nano silicale va
nanopolymer. Sb patent : CN1202139, ngay nop don : 11/07/2003 , tac gia: Zhang
Bin, Chen Mingcai.
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