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POLYMER PHAN HUY SINHHOC POLYLACTIDE
VA NHENG UNG DUNG TRONG HE DAN THUGC CAU TRUC NANO

HA PHUONG THU, NGUYEN HOAI NAM, NGUYEN XUAN PHUC, TRUGNG THI NHU HIEU

Vién Khoa hoc vat liéu, Vién Han 1am KH&CN Viét Nam

LE MAI HUONG

Vién Hda hoc céc hop ch&t thién nhién, Vién Han 1am KH&CN Vit Nam

HOANG THI MY NHUNG

Trudmg Pai hoc Khoa hoc Tu nhién, Pai hoc Quéc gia Ha Noi

Cung vdi sy phat trién manh mé ctia cdng nghé nano, nhiing hé dan thudc nano ciing da thu hit
dugc rat nhiéu sy quan tdm cia cac nha khoa hoc trén thé gidi, dac biét 1a trong linh vic diéu tri
ung thu. Nhiing hé dan thudc nano khdng nhitng cai thién tinh tan cta nhiing loai thudc chdng ung
thy hién hanh ma cdn nang cao hiéu qué ciia phuong phap chifa tri va gidm thiéu tdi da nhiing tac
dung phu ctia phuong phap chiia tri. Bai bao gidi thiéu mat sd két qua da dat dugc trong viéc ché
tao va thir nghiém nhitng hé dan thudc dugc tao nén tir polylactide (PLA) - mdt loai polymer phén
hily sinh hoc duge quan tdm hang dau trong nhiing ¥ng dung y sinh. PLA da dugc két hgp véi nhiing
loai polymer wa nuGc nhu polyethylene glycol (PEG), d-alpha tocopheryl polyethylene glycol 1000
succinate (TPGS) dé tao nén nhiing hé mang thudc chdng ung thu gdm Curcumin (Cur) (Cur-PLA-
PEG, Cur-PLA-TPGS) va Paclitaxel (PTX) (PTX-PLA-TPGS). Nhiing hé mang thudc dugc tao thanh co
kich thuGe rat nho (40-300 nm) va cai thién rd rét tinh tan ctia thudc: Cur (tang 350 14n) va PTX (tang
500 1an). Tac dong nang cao khd nang nhap té& bao ciing nhu kha ning dic ché sy phat trién cla té
bao va khdi u ung thu da duge chiing minh théng qua nhitng thi nghiém sinh hoc in vitro.

Tii khda: Polylactide (PLA), hé dan thudc cau tric nano.

phuong tién nay déu la trung tam cla sy phat trién y
sinh hoc nano.

Gioi thiéu chung vé vat liéu va hé dan thuéc

Ngay nay, trudc nhiing van dé vé moi trudng va

sy phat trién bén viing, vat liéu polymer phan hiy Cong nghé nano nghién ctu nhiing phudng tién

dang dugc quan tam nghién cliu moét cach sau sac.
Vat liéu polymer phan hdy sinh hoc dang dan dan
trd thanh trong tdm chinh trong viéc phat trién khoa
hoc va céng nghé. Polymer phan hiy sinh hoc cé
thé dudc xem nhu la mot trong nhiing loai vat liéu
phan tl tinh vi nhat, cé thé dan dan “bién mat” sau
khi thuyc hién thanh céng cac nhiém vy khac nhau
trong cac ung dung y sinh hoc va mdi trudng. Chung
déng mot vai trd quan trong trong viéc thiét ké cac
thiét biy t€, dac biét la trong phan phdi thuéc, ky thuat
mo va phau thuat thdm my. Gan day, polymer phan
hly sinh hoc da dudc sl dung trong cac phuong tién
mang thudc kich thudc nano khac nhau nhu hydrogel,
micelle, liposome, polymer va dendrimer. T4t ca cac
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mang thudc cé kich thudc nano dugc bat dau ti hon
20 nam vé trudc. Qua trinh van chuyén thudc cé thé
dugc nang cao hiéu qua nhd nhiing hé mang thudc
(DDS) cé kich thudc nano nhu polymer cau tric nano,
micelle va liposome [1]. D€ d&m b&o an toan, nhiing
hé mang phai c6 dung lugng thuéc mang I6n, thoi
gian luu théng trong hé tuan hoan di dai va tap trung
dugc trong nhiing khu vyc c6 triéu ching bénh ly.
Ban dau tng dung clia cac chat mang nay chi la dé
tang do tan va gan két cac thudc cé hoat tinh sinh
hoc nhung dé tan rat thap. Hién nay, ching dugc xem
la cac chat mang co6 tinh hudng dich hiéu qua. Piéu
nay da dugc cac nha khoa hoc trén thé gisi nghién
cliu va dudc goi la “hiéu Ung tang tham va tich tri
EPR (enhanced permeability and retention effect)”



BIODEGRADABLE POLYMER
DPOLYLACTIDE (PLA) AND IT&
ADDLICATIONS IN DRUG DELIVERY
NANO-OYSTEMS

Summary

Along with the development of nanotechnology,
drug delivery nano-systems (DDSs) have attracted
a great deal of concern among scientists over

the world, especially in cancer treatment. These
DDSs not only improve water-solubility of anti-
cancer drugs but also increase therapeutic

efficacy and minimize side-effects of treatment
method. In this article, the authors present some
of their achivements in preparing and testing

DDSs from polylactide (PLA) which is a favourite
biodegaradable polymer used in hiomedical
applications. PLA was modified by hydrophilic
polymers such as polyethylene glycol (PEG), d-
alpha tocopheryl polyethylene glycol 1000 succinate
(TPGS) to fabricate DDSs loading anti-cancer drugs
including Curcumin (Cur) (Cur-PLA-PEG, Cur-PLA-
TPGS) and Paclitaxel (PTX) (PTX-PLA-TPGS). These
DDSs had very small size (40-300 nm) and highly
improved water-solubility of drugs (Cur (350 folds),
PTX (500 folds)). Enhancement of cell and tumor
permeability as well as anti-proliferation of these
DDSs was demonstrated by in vitro bioassays.

Key word: polylactide (PLA), drug delivery nano-
systems.

[2]. Céac nghién clu trén nhiing khdi u ung thu da chi
ra rang, trén thanh mach mau cla nhiing khéi u ung
thu c6 nhiing khe nang ¢ kich thudgc ti 200-500 nm
(thanh mach mau trong céac co quan thudng clia co
thé khong cé nhiing khe nang c6 kich thuéc I16n nhu
vay), han niia, nhiing té bao ung thu trong cac khoi u
¢6 cau trac khong chét khit so véi trong cac ¢ quan
thudng. Vi vay, nhiing hé dan thudc cé kich thudc
dudi 200 nm c6 kha nang dugc khuéch tan tap trung
hon tai nhiing vung khéi u ung thu, qua dé lam tang
néng do thudc, dan tSi nang cao kha nang tiéu diét
t€ bao ung thu. Ngoai ra, véi kich thuéc 16n haon 4
nm, cac hé dan thudc con ngan can viéc xam nhap
ctia thudc vao nhiing mé thusng va do dé, giam thiéu
nhiing tac dung phu.
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Hinh 1: higu Ung tang tham va tich tri EPR [3]

Thém vao dé, qua trinh nha thuéc cé thé diéu
khién theo phuong thiic mong mudn bang céach s
dung nhiing vat liéu phan hdy sinh hoc, cac polymer
dap ung méi trudng, pH, nhiét d6 hoac tu trudng..
Dugc tinh cla thudc c6 thé dudc nang cao nhd si
dung nhiing hé dan thudc, véi cac chat mang nano
cédu tao tu lipid va polymer, bang céch thay déi dugc
déng hoc va do phan tan sinh hoc cutia thudc tuong
ting. Mac du vay, van dé can giai quyét déi véi cac
chat mang la doc tinh, co ché& chuyén hoéa, thai loai
hoac phan hdy sinh hoc clia chiing, céc tinh chat cla
chdt mang nano nhu xu hudng lam tang dé bén, do
tan, kich thudc va dién tich la quan trong nhat.

Trong s6 nhiing loai vat liéu phan hdy sinh hoc,
nhiing polymer ma phan hiy tao ra cac san pham
an toan déi véi co thé ludn la déi tugng dugc quan
tam hang dau trong cac ting dung y sinh. PLA 1a mét
polymer dudc téng hgp ti nhiing mono latide, mét s&n
pham cta qué trinh chuyén héa xay ra trong cac co
thé séng trong tu nhién, nén rat an toan khi dugc sl
dung trong céc (ing dung bén trong co thé [4]. N6 da
dudc cuc quan ly thuc phdm va dugdc phdm Hoa Ky
(FDA) phé chuén va dugc s dung rong rai trong cac
ting dung y sinh. Tinh ky nudc cla PLA giup cho né
c6 kha nang van tai tét nhiing loai thuéc chong ung
thu it tan trong nudc. Tuy nhién, cling chinh dac tinh
nay lam han ché& kha ning phan tan clia hé dan thuéc
trong hé théng tuén hoan ciia co thé. Vi vay, nhiing
polymer ua nudc nhu polyethylene glycol (PEG), d-
alpha tocopheryl polyethylene glycol 1000 succinate
(TPGS) da dugc sl dung dé két hgp véi PLA tao
nén nhiing copolymer PLA-PEG, PLA-TPGS. Nhiing
copolymer nay cé thé tao nén nhiing hé dan thuéc cé
cdu trac micelle véi kich thudc rat nhd, dugi 200 nm.
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Nhiing micelle nay c6 cau trac 16i-vo [5] véi phan 16i
dudc tao nén bdi PLA cé nhiém vu van tai nhiing loai
thubc ky nudc, phan vé PEG, TPGS gilp nang cao
kha nang phan tan clia hé dan thudc, dong thai bao
vé thudc bén trong tranh khoi nhiing su tén cong cla
moi trudng sinh ly, hé théng bai ti€t, mién dich cla
ca thé.

Trén co s& nhiing hiéu biét cla minh, nhém nghién
clu da téng hop hai loai copolymer: PLA-TPGS va
PLA-PEG nham tao nén nhiing hé dan thuéc cé céu
tric micelle mang nhiing loai thuéc chéng ung thu:
Curcumin (Cur), Paclitaxel (PTX). Bai bao dua ra
nhiing két qua trong viéc nghién cutu téng hop, ché
tao nhiing hé dan thudc va nhiing k&t qua thi nghiém
ban dau trén mot sd dong té€ bao ung thu.

Nghién ctiu ché tao va dac trung vat liéu

PLA-TPGS va PLA-PEG dugc téng hop béng
phudng phap polymer héa mé vong trong maéi trudng
khéng phan cuc (toluen) tai nhiét dé cao [6]. DUGi sy
c6 mat cla xuc tac stannous octoate - Sn(Oct),, cac
mono lactide sé dugc m3 vong va cong hgp thanh
cac mach polylactide (PLA), cac mach nay sau dé sé
két hgp véi polymer TPGS va PEG théng qua phéan
iing este hda gilta nhém cacboxyl (COO) cua mach
PLA véi nhém hydroxyl (OH) cia TPGS va PEG tao
nén nhiing copolymer PLA-TPGS va PLA-PEG. Viéc
diéu khién kich thudc ciing nhu kha ndng mang thuéc
cla hé dan thudc dua trén viéc diéu khién do dai cla
mach PLA.

Cong hudng tu hat nhan (‘HNMR) va phan tich
héng ngoai (FTIR) da dudc st dung dé xac nhan sy
hinh thanh cla cac copolymer da dugc téng hop.
Trong ph8 céng hudng tir hat nhan (hinh 2), nhiing tin
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Hinh 2: phé c¢éng hudng tu hat nhdn "HNMR

cua PLA (a), TPGS (b) va PLA-TPGS (c) [7]

48 Tapchi KHOAHOC

CONG NGHE VIETNAM 5° 6 "am 2013

(1) PLA
(2) PLA-TPGS
(3) PLA-PEG (1)

1770

Transmittance (%)

2977— 1750 /

— T T T T T T T T T T T T T T T T T T
5000 4500 4000 3500 3000 2500 2000 1500 1000 500 0
Wavenumber (cm’)

Hinh 3: phé héng ngoai FTIR cta PLA (1), PLA-TPGS (2)
va PLA-PEG (3) [7]

hiéu dac trung cho nhiing dao déng cuia proton trong
nhiing nhom -CH (5.043 ppm), —CH, (1.630 ppm)
clia PLA va trong nhém —CH,CH,- (3.641 ppm) cla
TPGS bi dich chuyén td6i nhiing vi tri tuong Ung 5.166,
1.562 va 3.639 ppm trong phé 'HNMR cla copolymer
PLA-TPGS.

PLA-TPGS va PLA-PEG la nhiing polyeste, vi
vay, lién két este la lién két dac trung cla nhiing
copolymer nay. Hinh 3 cho thay nhiing tin hiéu tai
1756 cm' (cla PLA-TPGS) va 1750 cm™' (cla PLA-
PEG) d&c trung cho nhiing lién két este dugc hinh
thanh trong nhiing copolymer.

Curcumin va Paclitaxel la hai loai thuéc chong
ung thu da dugc chung téi lua chon dé tao ra nhiing
hé dan thudc trong nhiing thi nghiém cGa minh. Dé
tai nhiing loai thudc nay 1&n nhiing hé mang thudc,
chuiing téi s dung phuong phap “nhii héa va bay hai
dung moi”. Céc loai thudc nay dudc hoa tan trong
nhiing dung méi hiiu co dé bay hai, réi chuyén sang
moi trudng nudc cé chua cac copolymer PLA-TPGS
va PLA-PEG. Qua trinh nhii hoa dugc xay ra trong
mot thGi gian xac dinh. Sau do, nhiing dung méi hiu
cd dudc cho bay hoi. D& thu dudc nhiing hé dan thuéc
cudi cung, phuong phap ly tam dugc st dung nham
tach loai nhiing phan thudc chua dugc boc.

Kha nang phan tan cla nhing loai thudc ky nudc
sau khi dudc tai 1&n cac hé dan thudc la mot yéu té
can dugc quan tdm. Mot hé dan thudc tét trudc hét
phadi cé dugc dung lugng mang thudc cao. Sau khi
dugc tai 1én nhiing hé mang thudc, kha nang phan
tan cla nhiing loai thudéc nay trong méi truéng nuéc
dudc ting 1&n rat dang ké. Do tan clia Paclitaxel trong
nudc la 0,4 ug/ml, sau khi dugc boc bdi PLA-TPGS,



(a) {b)
Hinh 4: dé tan trong nudc cta Curcumin chua boc (a),
boc PLA-TPGS (b) va boc PLA-PEG (c)

(c)

do tan ctia né tang 1én 500 lan téi 0,2 mg/ml [8]. VGi
Curcumin, dé tan trong nudc la 6,79 pg/ml, sau khi
dugc boc bdi PLA-TPGS va PLA-PEG, d¢ tan tang
xap xi 350 lan, Ién 2,4 va 2,2 mg/ml [7] (hinh 4).

Nhu da dugc trinh bay trong phan giéi thiéu chung,
kich thudc clia nhiing hé dan thuéc la mot yéu té quan
trong trong viéc tiéu diét t€ bao va cac khéi u ung thu.
DPé khao sat hinh thai hoc cling nhu sy phan bé kich
thu6c clia cac hé dan thudc, phudng phap chup anh
hién vi dién t quét (FESEM) va phuong phép tan xa
laze déng (DLS) da dugc si dung.

Nhiing hé dan thuéc st dung PLA-TPGS la chat
mang c6 kich thuéc va phan bé kich thuéc hat nho
haon so véi hé dan thude st dung PLA-PEG la chat
mang. Hé Cur-PLA-TPGS va PTX-PLA-TPGS cé
kich thudc trung binh vao khodng 40-50 nm, trong khi
do, hé Cur-PLA-PEG co kich thudc trung binh vao
khoang 200-300 nm (hinh 5).
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Hinh 5: 4nh FESEM va phéan b6 kich thudc hat cla céac hé
Cur-PLA-TPGS (a), Cur-PLA-PEG (b) va PTX-PLA-TPGS (c) [7, 8]
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Mot sé dac trumg tiéu hiéu va ung dung trong y
sinh

Nang cao sy tham nhap té bao va khéi u ung thu
cua thuéc

Phan &nh sang mau xanh la cay trong hinh 6 biéu
thi cho sy cé méat clia Curcumin bén trong t€ bao
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(b) (b)

Hinh 6: khd nang tham nhép t€ bao ung thu MCF7
sau 8 gid (a,b) va khéi u ung thu MCF7 sau 24 gid
(c,d) cua Curcumin tinh chat va Cur-PLA-TPGS

Hinh 7: kich thudc
Curcumin tinh chéat (a)
va Cur-PLA-TPGS (b)

va khéi u ung thu. So véi Curcumin khi chua dugc
boc, kha nang thAm nhéap té€ bao, khoi u ung thu cla
Curcumin dugc boc béi copolymer PLA-TPGS da
tang lén rat ro rét. Ly giai cho diéu nay, chung toéi da
khao sat kich thuéc cGia Curcumin tinh chat khi chua
dudc boc va kich thudc cia hé Cur-PLA-TPGS da si
dung. Chung t6i nhan thdy rang, Curcumin tinh chat
c6 kich thudc I16n hon rat nhiéu so véi Cur-PLA-TPGS
(hinh 7). Diéu nay cho thay rang, véi kich thuéc nho,
thuéc s& dé dang tham nhap vao bén trong té bao
hay khdi u, qua dé, sé nang cao hiéu qua tac dong
cla thuéc.

Ngoai ra, Curcumin, véi khd nang phat huynh
quang tu nhién, ¢ thé dudc st dung nhu mot phuong
tién danh ddu hé thudc xam nhap vao khdi cau da
bao ung thu [9].

Nang cao kha ndng uc ché su phat trién té bao
va khéi u ung thu

Dong té€ bao ung thu gan Hep-G2 da dugc st dung
dé nghién ctu kha ning lc ché t& bao ung thu cda
céc loai hé dan thuéc Cur-PLA-TPGS, Cur-PLA-PEG
va PTX-PLA-TPGS. K&t qua thi nghiém da cho thay,
3 loai hé dan thudc dugc sl dung 1a Cur-PLA-TPGS,
Cur-PLA-PEG va PTX-PLA-TPGS da co6 tac dong gay
lic ché& sy phat trién clia céac t&€ bao ung thu (hinh 8),
trong khi do, véi nhiing néng do tuong ty, Curcumin
va Paclitaxel gay ra sy Gc ché khong dang ké (két
qué khéng dugc dua ra trong bai). Su tic ché nay co
thé dugc giai thich théng qua co ché gay chét té bao
ung thu theo chuong trinh (apoptosis) [7, 8]. Vi cung
mot loai chat mang la PLA-TPGS, cac hé Cur-PLA-
TPGS va PTX-PLA-TPGS déu c6 cung kich thudc
nam trong khodng 40-50 nm, tuy nhién, hé PTX-PLA-
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‘Hinh 8: tic ché sy phét trién clia té bao ung thu gan Hep-G2,
méu déi ching (a), xt Iy véi Cur-PLA-TPGS (b), Cur-PLA-PEG (c),
PTX- PLA-TPGS (d) [7, 8]

TPGS gay ra kha ning Uc ché sy phat trién cla té
bao ung thu manh hdn so vé6i hé Cur-PLA-TPGS
ngay cé khi dugc s dung vdi nhiing néng do thap
hon rat nhiéu. Piéu nay cé thé cho thdy Paclitaxel 1a
thudc c6 kha ndng tac dong téi sy phat trién cla té
bao ung thu cao hon so véi Curcumin.

Thém niia, mét y&u t6 dan t6i viéc lic ché sy phat
trién cla t& bao ung thu ma ching to6i rat quan tam
chinh 1a kich thudc cla cac hé dan thudc. Véi kich
thudc rat nhd, nhiing hé dan thudc nay cé thé dé
dang thdm th&u qua mang t& bao, van chuyén thuéc
tham nhap vao bén trong t€ bao, nha thuéc va gay ra
nhiing tdc dong téi nhiing qua trinh chuyén héa noi
bao. Tac dong cua kich thudc t6i khd nang gay Uc
ché& sy phat trién clia t& bao ung thu dugc thé hién
rat rd khi quan sat két qua th nghiém cla cac hé
Cur-PLA-TPGS va Cur-PLA-PEG (hinh 8 b, c). Tai
nhiing néng dod gidng nhau, véi kich thuéc nhd han
rat nhiéu, 40-50 nm so v3i 200-300 nm clia Cur-PLA-
PEG (hinh 5 a, b), hé Cur-PLA-TPGS cho thay kha
nang gay Gc ché sy phat trién cla t& bao ung thu
manh hon hén so véi hé Cur-PLA-PEG, dac biét 1a
tai cac nong do thap (<2 ug/ml). Nhiing két qua nay
la co s6 dé chung toi tiép tuc thl nghiém trén khéi u
ung thu rén dugc nudi cdy ti nhiing t&€ bao ung thu
gan Hep-G2 (hinh 9). Nhiing két qua th( nghiém trén
kh6i u rdn hoan toan phu hgp véi nhiing gi da quan
séat dugc & nhiing thi nghiém trén té€ bao. So v6i mau
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Hinh 9: tc ché su phat trién khéi u ung thu vi Hep-G2, méu
déi chiing (a), Curcumin tinh chat (b), Cur-PLA-TPGS (c), Cur-
PLA-PEG (d), Paclitaxel (e), PTX-PLA-TPGS (f)

d&i chiing va nhiing mau dudc x{ ly v6i Curcumin va
Paclitaxel tinh chat, nhiing mau dugc x{ Iy v6i nhiing
hé dan thudc déu dem lai nhiing két qua rat kha quan
trong viéc tic ché& su phat trién clia khéi u ung thu ran.
Nhiing khéi u bi Gic ché& phat trién manh nhat, rd rang
nhat trong trudng hop s dung hé PTX-PLA-TPGS.

Nhiing loai thuéc chéng ung thu hién nay thudng
c6 tinh tan trong nudc rat thap, do vay ching rat kho
phan tan trong co thé, gay khé khan 16n trong viéc
ché tao céac loai dugc phé’m. Mat khac, do tinh ky nuéc
cao nén chung luén cé xu hudng bi cac cd quan trong
cd thé nhu gan, than chuyén héa thanh céac chat tan
trong nudc trudc khi chung téi duge vung bénh lam
gidm hiéu qua diéu tri cia thudc, hay néi cach khac la
chung c¢6 sinh kha dung thdp. Vi vay, nhiing hé dan
thuéc dong vai tro rat quan trong trong viéc van tai
cac loai thudc nay, gilip nang cao kha nang phan tan
clia ching trong moi truéng nudc, déng thdi bao vé
ching khéi nhiing qua trinh chuyén hoa trong cg thé.
Hai hé chat mang ma chuing t6i ché tao la PLA-TPGS
va PLA-PEG da cai thién dang ké kha nang phan tan



trong nudc cla hai loai thudc chéng ung thu 1a Cur
(tang gan 350 lan) va PTX (tang 500 lan).

Qua trinh chiia tri ung thu bang phuong phap héa
tri liéu hién nay luén gay ra rat nhiéu hiéu tng phu
anh hudng nghiém trong téi chat lugng song cla
ngudi bénh. Nguyén nhan la do tinh thi€u chon loc
cla cac hé dan thudc hién nay, thuéc khéng nhiing
tiéu diét t&€ bao ung thu ma con tiéu diét ca nhiing
t€ bao khde manh. Cung vGi sy phat trién cla cong
nghé nano, cac nha khoa hoc da thdy rang, kich
thu6c chia cac hé dan thudc cé tac dong rat I6n tGi
viéc nang cao hiéu qué chira tri va giam nhiing tac
dung phu khéng mong muén cla phuong phap hoa
tri liéu diéu tri ung thu. Nhiing thi nghiém vé kha nang
thaAm nhéap té€ bao clia chiing téi da chiing minh rat rd
diéu dé. Curcumin sau khi dudc boc bdi hé dan PLA-
TPGS vai kich thuéc nhd hon rat nhiéu so véi dang
tinh chat da cho thdy kh& ning tham nhap té bao
cing nhu tham nhap vao khdi u rén cao hon han so
vGi Curcumin tinh chat. Su phu thudc vao kich thudc
trong kha nang Gc ché sy phat trién cla té bao, khoi
u ung thu cling da dugc chung minh qua hai hé Cur-
PLA-TPGS va Cur-PLA-PEG. DBéng thai, hé PTX-
PLA-TPGS véi cung khoang kich thuéc nhu hé Cur-
PLA-TPGS da cho th&y hiéu qua tc ché sy phat trién
cla té bao, khoi u ung thu cao nhat trong sé nhiing
hé ma ching téi da ché tao.

Trén day chila nhiing két qua budc dau trong viéc
nghién cuu va phat trién nhiing hé dan thuéc c6 kha
nang nang cao hiéu qua diéu tri cla céac loai thudc
chéng ung thu hién hanh va gidm nhiing tac dong
phu khéng mong muén cho ngudi bénh. D& thuc sy
c6 thé dua nhiing két qua nay vao (ing dung, chung
t6i can thém thdi gian dé nghién cliu nhiing yéu t& tac
dong téi hiéu quéa chiia tri clia nhitng hé dan thuéc
nay nhu: dugc dong hoc, dd bén, kha nang phong
thich thudc, kha nang tudng hgp sinh hoc.. théng qua
nhiing th& nghiém in vitro va nhiing th&i nghiém 1am
sang. Trén cd s& nhiing hé dan thudc nay, nhiing hé
dan thuéc “théng minh” hon c6 thé dudc tao ra théng
qua co ché& nham dich chil déng. D6 la nhiing hé dan
thudc co6 kha nang chi dong tim t6i nhiing t€ bao ung
thu thédng qua nhiing lién két dac hiéu cla nhiing tac
nhan nhdm dich véi nhiing thu thé trén t& bao ung
thu, vi du lién két folate - thu thé folate. D& dat dudc
nhiing diéu do, ngoai nhiing nd lyic cla nhém nghién
cliu chuing toi trén linh vuc vat liéu, rat can sy hop tac
da nganh vai cac nhom nghién ctiu thudc cac linh vuc
khac nhu: sinh hoc, dugc hoc.. trong viéc thi nghiém
va danh gia két qua clia cac hé mang thudc =
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