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Abstract: Nanostructured Lipid Carriers (NLC) are a new generation of lipid-based nanocarrier
systems composed of a mixture of solid and liquid lipids, forming a less ordered lipid matrix
compared to Solid Lipid Nanoparticles (SLNs). Due to this structural characteristic, NLC exhibit
improved drug loading capacity, enhanced stability, controlled drug release, and increased
bioavailability. In addition, NLC possess several advantages, including high biocompatibility,
biodegradability, and improved permeation across biological barriers. However, this system still
presents certain limitations, such as polymorphic instability, formulation challenges, and insufficient
long-term safety data. Currently, NLC have been widely investigated and applied in pharmaceutical
fields through various administration routes, including oral, injectable, transdermal, nasal, and
ocular delivery, while also demonstrating potential in gene delivery and cancer therapy. Owing to
these promising characteristics, NLC are considered one of the most potential nanocarrier systems
in modern pharmaceuticals.
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Tong quan vé Nanostructured Lipid Carriers (NLC)
va ung dung trong dugc phdm va my pham
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Tém tit: Nanostructured Lipid Carriers (NLC) 1a thé hé méi ciia cac hé mang thudc nano dua trén
lipid, dwoc cu tao tir sy két hop gitra lipid ran va lipid long nhim tao nén ma tran lipid c6 cau trac
kém trat ty hon so v&i hé hat nano lipid ran (SLN). Nho dac diém cAu trac nay, NLC co6 kha nang
cai thién hiéu suét nap hoat chét, tang do 6n dinh, kiém soat giai phong thudc va nang cao sinh kha
dung. Ngoai ra, NLC con s& hitu nhiéu wru diém nhu tinh twong thich sinh hoc cao, kha ning phan
huy sinh hoc va cai thién kha nang thim qua cac hang rao sinh hoc. Tuy nhién, hé nay van ton tai
mot sb han ché nhu tinh khong 6n dinh da hinh, khé khan trong kiém soat cong thirc va thiéu dit liéu
an toan dai han. Hién nay, NLC dé dugc nghién clru va mg dung rong rai trong linh vuc dugce phém
qua nhiéu duong dung nhu dudng uong, dudng tiém, duong xuyén da, dudong mii va duong mit,
dong thoi cho thiy tiém ning trong dan truyén gen. Voi nhimg dédc tinh vu viét, NLC dugc xem la
mot trong nhitng hé mang nano ddy trién vong trong dwoc phim hién dai.

Twr khoa: Nanostructured lipid carriers (NLC), hé mang thudc nano, hat nano lipid, mang thuée,

dwoc pham, sinh kha dung, giai phong kéo dai.

1. Giéi thigu

Trong nhiéu thap ky qua, hang nghin hoat
chat méi da dugc nghién ciru va phat trién, tuy
nhién, diéu d6 van chua du dé tao ra nhing bude
tién tuong xung trong diéu tri [1]. Nhiéu két qua
thuc nghiém day trién vong thu dugc trong diéu
kién in vitro thuong khong dat dugc hiéu qua
mong doi khi chuyén sang nghién ciru in Vivo
hodc ung dung 1am sang. Nguyén nhan chu yéu
bao gobm nong do thudc tai vi tri tac dung khong
du do bi chuyén héa nhanh, doc tinh cao do phan
bd khong chon loc trong co thé, do hoa tan kém
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ctia hoat chét trong dang bao ché va su bién thién
16n vé ndong do thude trong huyét twong giira cac
ca thé [2].

Mot hudng tiép can dé khic phuc van dé nay
1a phat trién cac hé mang thudc kich thudc nano
[3]. Liposome dugc xem 1a hé mang thudc nano
dAu tién va duogc ung dung cho muc dich diéu tri
tr nam 1971 [4]. La thé hé dau tién, nén
liposome van c6 nhing han ché nhat dinh. Dén
dau nhitng ndm 1990, cic hat nano lipid rin
(solid lipid nanoparticles — SLN) dé& dugc phat
trién tir cic nano nhii twong dau trong nudc
(dau/nude) bang cach thay thé dau long bang
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lipid rin[5]. SLN s6 hitu nhiéu vu diém nhu viéc
st dung cac lipid tuong thich sinh hoc, tranh st
dung dung méi hiru co va kha ning san xuit ¢
quy mé 16n [5]. Tuy nhién, SLN ciing c6 mot s6
nhuoc diém khi dung lam hé mang thube, bao
gdm xu hudng chuyén dang da hinh, kha ning
nap thudc thip do do tan cua dugc chit trong
lipid ran thap va c6 hién twong tong xuét duoc
chat ra khoi hat nano do sy bién dbi cu tric lipid
trong qua trinh bao quan [6].

Céc han ché nay da dan dén viéc nghién ctru
va phéat trién hé mang lipid cAu trac nano
(Nanostructured lipid carriers — NLC). Viéc st
dung dong thoi lipid 16ng va lipid rén tao ra
khung xdp lipid v&i nhiéu vi tri tréng dé chira
duoc chét, thém vao dé kha nang hoa tan ciua
dugc chit trong lipid 16ng cao hon lipid ran giup
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cai thién hiéu suét nap dugc chét va han ché tinh
trang day duoc cht ra khoi tiéu phan, kiém soat
giai phong duoc chét tot hon [4]. Do d6, NLC da
tr& thanh mot trong nhimg hé mang thudc nano
tiém niang va thu hut nhiéu sy quan tim trong
linh vuc duoc phdm hién nay. Bai tong quan nay
s€ phan tich cac khia canh chinh cia NLC, bao
gém khai niém, dic diém cAu trac, vu diém,
nhuoc diém ciing nhu cac tng dung ndi bat cua
hé nay trong linh vuc dwoc pham.

Su phat trién ciia cac hé mang nano dwa trén
lipid duoc thé hién qua cac thé hé tur liposome,
nhii trong nano, SLN dén NLC, trong ¢6 NLC
duoc phat trién nham khéc phuc mot s6 han ché
ctia SLN [4]. Qua trinh phat trién nay dugc minh
hoa trong Hinh 1.

e

-
Hat nano lipid ran Chat mang lipid
(SLN) cdu tric nano
(NLC)
Chét hoat Q Lipid léng Lipid rén

Hinh 1. Sy phat trién cta cac chat mang nano dua trén lipid [4].

2. Khai niém vé NLC

Hé mang lipid cu tric nano (Nanostructured
Lipid Carriers -NLC) 12 hé mang lipid céu trac
nano thé hé thtr 2, ¢6 ciu trac lipid "khong hoan
hao" duoc tao thanh tir hdn hop lipid bao gom
lipid ran va lipid 1ong, véi kich thudc hat nam
trong khoang tir 50 nm dén 500 nm phu thudc
vao quy trinh san xuét [4].

L5i cia NLC dugc cdu tao tir lipid ran va
lipid 1ong véi ty 18 tir 70:30 dén 99,9:0,1 [7].

Thuong st dung céc loai lipid thudc nhém
GRAS (Generally Recognized as Safe), tuc la
khong doc va co cdu tao gan gidng véi lipid sinh
Iy, vi du nhu céc acid béo, glycerid, sap,
triglycerid mach trung binh va céc loai dau 1ong
khac. Viéc Iya chon lipid trong NLC ciing can
dua trén tinh twong thich gitra thude va lipid [4].

Chat dién hoat dong hai vai trd quan trong
trong qua trinh hinh thanh hé tiéu phan nano
lipid, d6 1a tao nhii tuong va on dinh cac hat nano
lipid sau khi lam lanh. C6 thé dung mot hodc
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nhiéu chét hoat dong bé mit (surfactant) trong
khoang nong d9 1,5% — 5% (khoi lugng/thé tich)
[4]. Viéc st dung nhiéu hon mot loai chat dién

Cac nguyén li€u str dung trong bao ché NLC
duoc lua chon cl}ﬁ yeu tir cac nhom lipid ran,
lipid 16ng va chat nhii hoa voi dac tinh khac

hoat thuong gitip giam kich thudc hat va mirc do
k@t tinh so voi h¢ chi dung mét loai chat dién hoat,
dong thoi cling tao ra mdt hé 6n dinh hon [8].

nhau. Mot s6 nguyén liéu thudng dugc s dung
trong tung nhom dugce tong hop trong Bang 1.

Bang 1. Mot s nguyén liéu dung trong bao ché NLC

Thanh phan Nguyén ligu
Tristearin, acid stearic, cetyl palmitat, cholesterol, Precirol® ATO 5, Compritol®
Lipid rin 888 ATO, Dynasan® 116, Dynasan® 118, Softisan® 154, Cutina® CP, Imwitor®
900 P, Geleol®, Gelot® 64, Emulcire® 61.
Triglycerid mach trung binh, parafin 16ng, 2-octyl dodecanol, acid oleic, squalen,
Lipid long isopropyl myristat, vitamin E, Miglyol® 812, Transcutol® HP, Labrafil Lipofile®

WL 1349, Labrafac® PG, Lauroglycol® FCC, Capryol® 90.

Pluronic® F68 (poloxamer 188), Pluronic® F127 (poloxamer 407), Tween 20,
Chét nhil hoa than nuéc | Tween 40, Tween 80, alcol polyvinic, Solutol® HS15, natri deoxycholat, natri
glycocholat, natri oleat, polyglycerol methyl glucose distearat.

Chat nhii hoa than ddu | Myverol® 18-04K, Span 20, Span 40, Span 60.
Chét nihii héa ludng tinh Lemthm trimg, lecithin ddu nanh, phosphatidylcholin, phosphatidyl ethanolamin,
Gelucire® 50/13.
3. Phan loai NLC Dua trén dic diém ciu triic, NLC duge phan

thanh ba dang chinh: dang tinh thé khong hoan
hao, dang da hop va dang vo dinh hinh, nhu minh
hoa ¢ Hinh 2 [4].

Sy thay d6i vé ham luong lipid va cac thong
s0 bao ché dan dén sy thay doi cau tric 13i cling
nhu cach sap xép gitra lipid ran va lipid 1ong.

Dang | — Dang tinh thé
khong hoan hao

Dang Il — Dang da hop

Dang lll = Dang vé dinh hinh
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Hinh 2. Cac dang chat mang lipid c4u triic nano [4].

Dang I: Dang tinh thé khong hoan hao
NLC dang I duoc cau tao tur hon hgp
triglycerid cuia cac acid béo bao hoa hoédc chua bao

hoa véi chudi carbon dai phdi hop véi luong nho
dau gitp tao cau trac lipid “khong hoan hao” [9].
Su sap x€p 16n xon cua céc lipid ran khac nhau tao
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nén khung x6p lipid ran véi nhidu ving khuyét
lipid 16ng. Do dugc cht than lipid hoa tan tot hon
trong lipid long, viéc ting ham lugng lipid long s€
lam ting kha ning nap thudc vao hé [4].

Dang II: Dang da hop

NLC dang 1 1a loai daw/lipid/nuée, dugc tao
thanh tir hon hop 11p1d long ph01 hop v6i mot
lugng vira du lipid ran, dac diém phan tan kha
gidng nhil twong nudc/diu/nude [9]. Md hinh
dang II chira luong lipid long cao, tao nén cac
“khoang nano” dau 16ng nhé c6 kha ning chia
thudc phan bd bén trong ma tran lipid ran [5].
Nho d6 hoa tan cao cua thude trong lipid long,
hién tuong ro ri thudc giam dang ké, dong thoi
tbc do giai phong thude tir dang nano nay diénra
cham hon do c6 su han ché tir 16p lipid rén [4].

Dang III: Dang v6 dinh hinh

Céc hat nano lipid dang III ton tai ¢ trang thai
rdn nhung khong két tinh ma 15i lipid dong tu &
trang thai v6 dinh hinh. Bao ché NLC dang III
béang cach tron lipid rdn véi mot sd lipid 1ong dé
giam thiéu toi da sy 1o ri thudc do qua trinh két
tinh [9]. Céch tiép cin nay gitp giam dang ké
hién tugng téng xuét thudc bang cach duy tri tinh
da hinh cua céu trac lipid [4].

4. Uu, nhuwoe diém ciia NLC
4.1. Uu diém cia hé NLC

NLC c¢ tinh tuong thich sinh hoc: Nho dac
tinh ctia cac nguyén liéu cAu thanh, hé NLC c6
tinh twong thich sinh hoc va kha nang phan hay
sinh hoc cao, tir 46 han ché nguy co gay dap tung
mién dich — mot uu diém ma nhiéu loai vét liéu
mang thude khac kho dat duoc. Khi cac hé lipid
nay duoc sir dung dudi dang chat mang kich
thudc nano, chiing thé hién nhiéu dic tinh vuot
troi so voi cac hé mang thube thong thudng [10].

NLC c6 kha niang mang thudc tot: NLC ¢o
cau tric 13i lipid kém trat tu do su két hop giira
lipid ran va lipid Iong. Ma tran lipid tao thanh c6
mirc d6 sap xép tinh thé thip hon so véi lipid ran
ban dau nhung van duy tri trang thai rin & nhiét
d6 co thé [5]. Chinh dic tinh “khong hoan hao”
trong cdu tric nay di tao ra nhiéu khoang trong

trong ma trén lipid, tor d6 lam tang kha nang
mang va luu giit hoat chét trong 15i cia hé NLC.

C6 thé hinh dung ciu tric cia SLN nhu mot
“burc tuong gach” duoc xay tr cac vién gach co
kich thudc déng déu, tao nén sy sa“ip xép chat ché
va it khoang tréng. Nguoc lai, trong hé NLC, sy
phdi hop giita cac lipid c6 cu triic va kich thuéce
khac nhau giéng nhu viéc st dung cac vién gach
khong déng nhat, tao nén mot “birc tuong” kém
trat ty hon v6i nhiéu khoang trong bén trong.
Nhimng khoang tréng nay dong vai tro 1a vi tri
chira hoat chét, giup tang kha niang mang thube
cua hé. Su khac biét vé mirc do sap xép cliia ma
tran lipid gitra SLN va NLC loai I dugc minh hoa
trong Hinh 3. Trong SLN, cac phén tir lipid c6
xu hudng sap xép chit chg, trong khi su phéi hop
gitra lipid ran va lipid long trong NLC tao ra cau
trac kém trat ty hon v6i nhiéu khoang trong, tao
diéu kién thuén loi cho viéc mang hoat chét [5].

SLN:
| | | | |
I I | |
| | | | |
NLC:
O’_ Han hap céc loai lipid
€0 cdu trac khéng
gian khdc nhau

Hinh 3. Tinh thé hoan chinh trong SLN ¢6 thé so
sanh voi mot bue twdong gach (phan trén), va cu trac
¢6 nhiéu “khong hoan hao” do cac phan tir khac biét
16 rét vé khong gian trong NLC loai I (phan dudi) [5].

Nho kha nang nap thude vuot troi so véi thé
hé SLN trudc do, hé NLC cho phép dua lugng
hoat chét 16n hon vao trong qua trinh bao ché, tir
d6 han ché that thoat duoc chit va nang cao hi¢u
qua kinh té. Hiéu suit mang thudc cia NLC
thuong dat khoang 85-95%, dong thoi duy tri do
6n dinh cao trong sudt qua trinh bao quan. Trong
khi do, h¢ SLN thuong cho hi¢u suat mang thudc
kém 6n dinh hon, dao dong trong khoang 40—
90% tity thudc vao ban chat hoat chat va thanh
phan lipid st dung [10,11].

NLC cai thién tinh thim dugc chat: Nho kich
thuéc nano cung dac tinh cia cac nguyén li¢u
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cAu thanh, hé NLC c6 kha ning cai thién dang ké
tinh thAm cua hoat chat. Hiéu qua ting thim nay
dugc ghi nhén 13 rét chu yéu tai hai duong ding
tmg dung phd bién nhit cia NLC 1a duong tiéu
hoa va duong ding qua da. Nghién ctiru vé NLC
mang khellin (hoat chét tir cAy Ammi visnaga)
ding duong udng cho thay kha ning thdm qua té
bao Caco-2 tang hon 100 lan so véi dang thong
thuong [12].

Dbi v6i duong dung qua da, NLC gitp ting
kha ning thim va luu giit duoc chat trén da do
kich thudc tiéu phan nho gitp NLC d& dang bam
dinh vao cac khe nirt va viing ni trén bé mit biéu
bi, tir d6 lam tang dién tich tiép xtc va hd tro su
lan trai cta thudc trén bé mat da [2]. Dong thoi,
16p mang dugc tao thanh béi cac tiéu phan nano
gitip han ché mat nuéc qua biéu bi, ting do
hydrat hoa cua 16p sung va cai thién kha nang
thim thudc [13]. Ngoai vai trd 1 pha dau trong
cong thure, cac acid béo nhu acid oleic, acid

linoleic va acid decanoic con hoat dong nhu cac
chét ting thim, hd tro cai thién kha ning van
chuyén hoat chit qua da [2]. Bén canh d6, nhiéu
chit tang tham khac ciing c¢6 thé dugc phdi hop
nham gia ting kha ning xam nhap ciia NLC vao
cac 16p sau hon cua da [4].

Su tham nhap sau hon cung kha nang tich tu
cua NLC trong cac nang 16ng - moi truong giau
lipid - gitp kéo dai qua trinh giai phong hoat
chat, duy tri tic dung diéu tri va giam tin suit sr
dung thude. Ngoai ra, viéc thube duoc phan bd &
céc 16p sau hon cua da ciing gop phan han ché
hién tugng rira troi trén bé mat [13].

Céc co ché gop phan lam tang kha nang thAm
qua da cua thuoc hodc hoat chét tir hé NLC bao
gom tiép xtc gan voi bé mit da, tang hydrat hoa
16p strg nho hiéu tng bit kin, trao doi lipid giita
NLC va 16p sung, cling nhu tham nhdp vao nang
16ng va tuyén ba. Cac co ché nay duoc minh hoa
trong Hinh 4 [2].

Bay hai nudc
N Than léng
Hat nano Hiéu (mg bit Hat nano
Yy T # Hat nano kin tao mang Yy
’ cer CT )
/:-’_::"_ F’a"' Ll ®0coce® "__’*_P\Op.’ﬁ'"'.p"!' Hat nano
\-Duqc Ay * Nuse  so o Trao déi lipid
SC SC . &€ -
Lap sung (SC) Lop simng (SC) Lop simg (SC)
Tuyén ba
Ldp da song Lép da song Ldp da song Lép da'sbng
Tiép xtc gan véi Hydrat héa da nhor Trao déi lipid giira Tham nhap vao nang
bé mit da hiéu tng bit kin 16p sirng (SC) va NLC long va tuyén ba

ctia hat nano

Hinh 4. Céc co ché c6 thé gitip ting su thAm qua da cua thudc hodc hoat chét
tir hé mang lipid cau triic nano (NLC) [2].

NLC c6 kha nz'lng gidi phong dugc chit
kéo dai: Kha nang giai phong thudc kéo dai cta
h¢ NLC bét ngudn tir cau triic ma tran lipid c6 su
sap xép dic trung, Dic biét ddi véi cac hoat chat
dé bi phén huy, viéc duoc gitr trong ma trén lipid
c6 thé gbp phan bao vé hoat chat khoi cac yéu td
phén huy trong moi truong sinh hoc, giup kéo dai

thoi gian ban thai ctia hoat chét, tir d6 giam tan
suét str dung thudc va ning cao mirc d6 tuan thi
diéu tri cia bénh nhan. Pong thoi, co ché giai
phong c6 kiém soat hoic kéo dai tir NLC con gop
phan han ché sy phan hay hoat chat bdi enzym
trong hé tuan hoan [2].
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Dic tinh giai phong thude ctia NLC chiu anh
hudng boi nhidu yéu t6 nhu nhiét d6 trong qué
trinh san xuét, thanh phan chat nhii hoa va ty 18
dau dugc phdi hop trong ma tran lipid [14].
Thong thudng, lugng hoat chat phan bb tai 16p
vo ngoai hoac trén bé mat hat nano sé& dugc giai
phong nhanh & giai doan dau, trong khi phan
thudc duogc gii trong 15i lipid s& dugc giai phong
tur tur va kéo dai theo thoi gian [2].

Ngoai ra, kha ning giai phong hoat chét cua
hé NLC con lién quan chat ch& dén ty 18 giita
lipid rén va lipid 16ng trong ma tran ciing nhu
ban chat cua lipid 16ng [15]. Bén canh do, loai
chat dién hoat str dung, ciing c6 thé anh hudng
dang ké dén toc do giai phong thude, 1am qué
trinh gidi phong dién ra nhanh hon hodc chim
hon ngay ca khi str dung cung mét hé NLC [8].

Tao hé qua bao hoa véi NLC: Qua trinh giai
phong thude tir hé NLC c6 thé duoc kiém soat
thong qua co ché tao trang thai qua bdo hoa. Co
ché nay duoc 1y giai dua trén nguyén 1y cua cac
hé vi nhii trong dung trén da: Trong hé vi nhil
tuong, su di chuyén ctia nudce vao 13i nhil twong
lam giam d6 hoa tan cua hoat chét, tir d6 tao nén
trang thai qua bdo hoa. Khi dé, thubc c6 xu
huéng tach khoi hé phan tan; trong diéu kién in

vitro, hoat chét co thé két tinh, con trong diéu
kién in vivo, con dudng chii yéu dé thude thoat
khoi hé 1 khuéch tan va tham qua da [5].

Hién tugng qua bao hoa co thé duoc tao ra
trong h¢ NLC khi cac hat NLC chura hoat chét
dugc phan tan trong nhii twong dau/nudc di bio
hoa hoat chat. Mot vi du duge mé ta déi voi
cyclosporin, trong d6 NLC chtra cyclosporin
duoc phan tan trong kem nhil tuong da bao hoa
cyclosporin. Trong qua trinh bao quan, hoat chit
dugc giit trong cau tric NLC. Khi ché phdm
duoc su dung trén da, su gia tang nhiét d6 cung
v6i qué trinh mat nuéce thac ddy su chuyén doi
ctia lipid sang trang thai tinh thé 6n dinh hon, lam
giam kha ning giit hoat chat trong ma tran lipid
va thuc ddy giai phong cyclosporin. Hoat chit
sau d6 duogc giai phong vao pha ctia nhil tuong
vbn da bio hoa, tir d6 hinh thanh trang thai quéa
bdo hoa. Qua trinh giai phong hoat chét va hinh
thanh trang thai qua bao hoa trong hé NLC duogc
minh hoa ¢ Hinh 5 [5]. Trang thai qua bao hoa
nay tao ra chénh 1éch ndng do 16n, gop phén ting
dong luc khuéch tan cua thudc qua da va co
thé cai thién hiéu qua hap thu hoat chét tai vi tri
tac dung.

Kem chira hé NLC Dupg difh tf{u(‘)c
mang cyclosporin Chuyén ddi lipid " bao hoa
NLC (~ 200 nm) sang cau tric co trat ty
\ Sir dung trén da

Dung dich
thude bao hoa

Ap suét thim thau

Hinh 5. Co ché giai phong thudc duoc kich hoat va hién twong qua bio hoa trong hé NLC [5].

4.2. Han ché ciia hé NLC

NLC khong on dinh trong ciu trac da hinh.
NLC c6 thé ton tai dudi ba dang cau truc chinh

v6i mire do sap xép lipid va dic tinh tinh thé khac
nhau [4]. Su khéc biét vé cau trac nay dan dén su
khéc biét vé kha nang nap thudc, do on dinh va
dic tinh giai phong hoat chat ciia hé. Do do, dé
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dam bao hiéu qua diéu tri mong muén, can kiém
soat chit ch& cac yéu td cong thirc va thong sb
k¥ thudt trong qué trinh bao ché.

NLC c6 d6 6n dinh kém. Mic di NLC duoge
phat trién nham khac phuyc hién tugng 10 ri thude
va giai phong nhanh gap O hé SLN, nhung trén
phuong dién 1y thuyét, cic hién tugng nay van
khong thé duoc loai trir hoan toan. Su phan bd
cua cac khoang nano trong toan b ma tran lipid
c6 thé khong dong déu, dan dén sy khac biét vé
vi tri phan bd hoat chit trong hé va anh hudng
dén dic tinh giai phong thudc.

Ngoai ra, do pha ngoai ciia h¢ NLC thuong
1a pha nudce, ché pham can b sung chit bao quan
nham han ché su phat trién cua vi sinh vét va duy
tri 46 6n dinh trong qua trinh bao quan. Tuy
nhién, mot sé chat biao quan c6 thé anh hudng
bat lgi dén do 6n dinh vat 1y cua hé phéan tan
lipid, ching han nhu 1am thay di kich thudc tiéu
phan hodc giy hién tuong két tu [5]. Vi vy, can
tién hanh cac nghién ctru cong thirc cu thé dé lya
chon cht bao quan phu hop cho timg hé NLC [16].

Bén canh anh hudng cua chét bao quan néu
trén, mot han ché khac lién quan dén do 6n dinh
vat ly cua hé NLC trong qua trinh bao quan la
nguy co két tu tiéu phan, dic biét khi hé phan tan
c6 nong do tiéu phan thip. O diéu kién nay, cac
tiéu phan c6 kha niang chuyén dong va va cham
v6i nhau, 1am ting nguy co két tu, tir 46 dan dén
su gia tang kich thudc tiéu phan va anh hudng
dén d6 on dinh vat 1y ctia hé. P6i véi hé NLC co
nong do tiéu phan cao, cac tiéu phan c6 thé lién
két voi nhau tao thanh mot mang ludi dang
“ngoc trai”, giup han ché sy chuyén dong va va
cham gifra cic hat. Tuy nhién, khi hé dugc pha
loang trong qua trinh st dung boi cac dich sinh
1y nhu dich tiéu hoa hodc huyét twong, cau tric
nay co thé bi pha v& va cac tiéu phan duoc giai
phong riéng 1&. Do do, kha nang duy tri kich
thude tiéu phan on dinh va han ché két tu cua
NLC vén la nhitng yéu t6 can duge xem xét trong
qua trinh bao quan va su dung [4, 17].

NLC con han ché vé bang chimg an toan va
ung dung lam sang. Mac du NLC dugc danh gia
1a mot hé mang thudc day tiém ning, sb lugng
ché pham g dung NLC trén thi truong hién nay

van con tuong dbi han ché. Nguyén nhan chu yéu
1a do con thiéu cac bang chimg day du vé hiéu
qué va do an toan. Phan 16n cac nghién ciru hién
nay tap trung vao xay dung cong thirc, danh gia déc
tinh 1y — hoa, thir nghiém in vitro hodc trén mo hinh
dong vat nho, trong khi cac nghién ciru tién 1am
sang va 1am sang toan dién van con han ché.

Vé mat doc tinh, da sb dit lidu hién c6 chi
danh gia doc tinh ngén han. Céc dit liéu lién quan
dén d6 an toan dai han nhu phan tmg mién dich,
ddc tinh tich Iy va tac dong dac hiéu trén co
quan van chua diy di. V& dugc dong hoc va
phan bé sinh hoc, can ¢ thém nhiéu nghién ctru
trén mo hinh dong vét dé 1am 1 co ché phéan b
mo, chuyén hoa va thai trir cia NLC, tir d6 du
doan chinh xac hon hanh vi ctia hé trén 1am sang
[18]. Cho dén nay van chwa c6 nhidu tng dung
lam sang thuc su dwoc trién khai, mot nguyén
nhan quan trong la khoang cach chuyén glao
gilra nghién ctru tién 1am sang va lam sang, khién
hiéu qua diéu tri ky vong chua dat dugc trong
thue té [19].

Bén canh d6, mac du quy trinh san xuét NLC
& quy md phong thi nghiém da dugc thiét 1ap kha
hoan chinh, cac quy trinh san xuit md rong va
thuc hién & quy mé cong nghiép van can tiép tuc
dugc phat trién nham dap tng yéu ciu chuyén
giao san xuat trong twong lai [18]. Do do, viéc
tiép tuc t6i wu hoa cong thirc, nang cao kha ning
mo rong san xuét va thuc hién céac nghién ctru
tién 1am sang mot cach day du s& dong vai tro
then chét trong qué trinh chuyén doi hé NLC tir
cac md hinh nghién ctru sang ting dung 1am sang
thuc tién [18].

5. Ung dung ciia hé NLC
5.1. Puong uong

Puong udng 1a duong ding duge wu tién
hang dau nho tién loi, chi phi thap va tuan thi
diéu tri cao. Tuy nhién, hé mang thudc qua
duong nay van gip nhiéu rao can: dugc chat co
do hoa tan thap, tinh thAm kém, su thay doi pH
doc duong tiéu hoa, enzym tiéu hoa va 16p chat
nhay niém mac - nhitng yéu t c6 thé lam giam
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hép thu hodc phan hity hoat chét trudc khi phat
huy hiéu qua diéu tri [4].

NLC s6 hitu nhiéu dic tinh gitp khic phuc
cac han ché cua duong dung nay. Nho ban chit
lipid, NLC c6 kha ning bao vé hoat chit khoi
moi trudng pH khic nghiét va sy phan hay bai
enzym trong duong tiéu hoa, ddng thoi cai thién
kha nang tuong thich sinh hoc va sinh kha dung
ctia thube. Cac hé NLC con c6 kha ning tao phtrc
v6i mubi mat va hip thu qua hé bach huyét giup
han ché chuyén héda budc mot tai gan, tir do cai
thién dang ké hiéu qua hap thu duong udng [4].
Hién nay, nhidu nghién ctru dang tip trung phat
trién cac hé NLC c6 bd sung mubi mat nhu natri
glycocholate nham ting sinh kha dung cta hoat
chat [20, 21].

Mot co ché quan trong khac gop phan ting
hap thu thudc 1a kha nang bam dinh niém mac.
Sy bam dinh ctia cac hé mang nano 1én 16p chét
nhdy gitp kéo dai thoi gian luu giit cua thube
trong duong ti€u hoa, tao diéu kién cho hoat chat

dugc hoa tan va hip thu tét hon qua niém mac.
[4]. Véi kich thudc nano, NLC vén da c6 kha
ning twong tac tot véi 16p niém mac; tuy nhién,
viéc phu thém cac vat liéu cé tinh bam dinh niém
mac con gitip ting dang ké kha nang luu giit cua
hé. Chang han, NLC chta curcumin dugc phu
PEG400 hoac PVA cho kha nang bam dinh trén
niém mac rudt heo cao hon hon hai lan so véi
NLC khong phu hodc phu chitosan [14]. Nhung
két qua nay cho thdy tiém ning dang ké cua viéc
cai thién kha ning bam dinh niém mac nhim
nang cao hiéu qua dan truyén thudc cua hé NLC.

Mic du cac img dung cua NLC dudng ubng
hién nay chu yéu van dang ¢ giai doan nghién
ctru va chua dugc thuong mai hoéa rong rai, so
lwong 16n cac nghién ctru cung voi cac két qua
danh gia tich cuc dd cho thy tiém ning phat
trién manh mg cua hé¢ mang nay trong tuong lai
[22]. Mot 50 nghién ctru vé ing dung NLC trong
duong udng, dugc téng hop & Bang 2.

Bang 2. Mot sb nghién ciru tmg dung NLC dung dudng udng

Thube

Két qua

Trich

dan

Nisoldipine

Thube dugce nap trong NLC cho thay toc do giai phong thu(‘)c’ kéo dai. Sinh kha
dung duong udng tang gap 2,46 so voi dang hon dich va gap 1,09 lan so voi
dang SLN & chu6t.

(23]

Thymoquinone

(TQ)

TQ-NLC c6 hiéu suat nap dugc chat cao (>90%) va cho théy kha néng giai
phong thymoquinone cham, kéo dai. H¢ NLC dung dudng udng gitp cai thign
sinh kha dung tuong dbi cuia thymoquinone, ¢6 thé lién quan dén van chuyén
qua hé bach huyét ru6t va han ché chuyén héa budc dau qua gan.

Fluconazole

Céac NLC duoc toi uu hoa va phu 16p chitosan gitp giai phong thube kéo dai
véi hiéu qua khang nam lau dai nho kha nang bam dinh niém mac cua cac hat
NLC.

Bromelain (BR)

Br-NLC gitip ting d6 6n dinh cta bromelain trong moi truong da day va kéo
dai giai phong. Trén chudt Wistar, Br-NLC duong udng lam giam phu chan,
ctng khop va t6n thuong mo, dong thoi cai thién cac chi déu stress oxy hoa va
mién dich.

Chrysin

NLC lién hop biotin gilip tang hap thu chrysin qua té bao Caco-2; sinh kha
dung duong ubng ting khoang 7,46 1an so véi hdn dich chrysin

(27]

5.2. Duong dung qua da

Puong dung qua da 1a huéng nghién ciru phd
bién nhét v6i hé NLC, nho dién tich bé mat 16n,
d& tiép can va kha ning mang thuoc khong xam
1an, it tac dung khong mong mudn toan than. Tuy

nhién, da ciing 14 hang rao bao vé phuc tap, trong
d6 16p simg 13 rao can chinh ngan thudc thdm
qua. Chi cac hoat chit c6 khdi lwong phan tir
dudi 500 Da, tinh than lipid phu hgp va nhiét do
nong chay thap mai co thé tu khuéch tan du dé
dat hiéu qua 1am sang [4]. Bén canh d6, pH bé
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mat thép va su hién dién cla cac enzym chuyén
hoa khién qué trinh hap thu ciia nhidu hoat chat
qua da tré nén kho khan hon [4].

Nho cac dic tinh da duoc dé cap nhu tang
kha nang tham, cai thién do hoa tan cta hoat chét
va kha nang giai phong kéo dai, hé NLC hién
dang dwoc nghién ciru rong rai trong cac ché

pham dung ngoai da. Ngoai ra, kich thudc nano
ctia NLC con giup ting dién tich tiép xuc véi bé
mit da, nang cao kha ning bam dinh va hd trg
van chuyén hoat chat vao cac 16p sau hon cua
biéu bi [2]. Mot sb nghién ctru vé ing dung NLC
dung qua da duogc tong hop trong Bang 3.

Bang 3. M6t sb nghién ctru g dung NLC dung trén da va qua da

J4 ’. A , Trich
Thudc Ung dung Két qua din
NLC cho thiy kha nang tham thau sau hon so voi nhil twong
. . . nano, voi lugng thudc trong nang 16ng tai lon gap doi so voi
Tacrolimus Viém da co dia nhil trong nano va ting khoang 4 1an so v6i ché phdm dang [28]
duoc ban trén thi truong.
Gel NLC chira cao 6t cho thay kha nang giai phong thudc kéo
Capsaicin Pau man tinh | dai hon véi it gy kich g hon, pht hop cho viéc diéu tri dau [29]
man tinh.
Nhiém tring vét
béng do vi NLC chira tinh dau qué cho thiy két qua day hira hen trong
Déu qué khuan viéc ddy nhanh qué trinh lanh vét thuong va c6 dic tinh khang [30]
P, aeruginosa khuén & chudt so véi chudt khong dugc diéu tri.
khang da thudc.
Cong thirc t6i wu CAF-NLC3 cho thoi gian luu va hiéu qua
Caffein Da san vo cam | vuot troi gel CAF thong thuong (CAF-P) va gel CAF thuong [31]
mai (CAF-M).
NLC chtra acid linoleic gip ting kha nang luu giir
Pranoprofen Giam dau E.ra}noprofe'l} tai d? va CI}O hiéu qua k?éng V.iém (ot hon, the [32]
ién qua giam phu da va giam san xuat cac interleukin trong
mo hinh viém & chudt.

5.3. Duong dung qua niém mac miii

Niém mac mui c6 hé théng mao mach phong
phu cing dién tich hap thu twong ddi 16n, gitp
thudc duge hap thu nhanh va khoi phat tac dung
som hon so v6i duong udng. Pong thoi, duong
dung tai miii con tranh dugce chuyén héa budc
mot tai gan, gop phan cai thién sinh kha dung cua
hoat chat [33]. Tuy nhién, duong dung nay van
gdp nhiéu rao can sinh 1y nhu lop chat nhay va
hé thanh thai nhay — 16ng chuyén lam giam thoi
gian luu thude. Tinh thdm niém mac thip gay
kho khin cho sy hip thu cic phan tir 16n nhu
peptide va protein, trong khi cac hoat chat kém
tan trong nudc can thém cac chién lugc ting do
tan; ngoai ra, enzyme c6 thé phan hily hoat chat
trudc khi hép thu [33]. Bén canh d6, niém mac

mili c6 do nhay cam cao, do do cac ché pham
khong phu hop vé pH hodc d6 dang truong c6
thé gay kich tng tai chd [4].

Nho s6 hitu nhiéu wu diém vuot troi so voi
liposome va hé SLN truyén thong, NLC duoc
xem 1a mot hé mang tiém nang cho cac ché pham
dung qua niém mac mii [2]. Ngoai cac loi ich
von ¢6 nhu kha nang ting d6 hoa tan, cai thién
tinh thAm va bao vé hoat chit, NLC con ¢6 d6 6n
dinh cao va dé dang tich hop vao cac hé gel hoic
cac vat liéu bam dinh sinh hoc, gitp kéo dai thoi
gian luu giir thude trén niém mac mili va ning
cao hiéu qua hip thu [4]. Mot s6 nghién ctru vé
g dung NLC duing tai miii nham dua thuéc vao
tuan hoan hodc hudéng dich dén ndo dugce trinh
bay trong Bang 4.
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Bang 4. Mot sb nghién ctru tmg dung NLC ding qua niém mac miii

Trich

Thude Ung dung Két qua dén

NLC-curcumin dung tai niém mac mili lam ting nong do
Curcumin Ung thu ndo curcumin trong ndo so véi hon dich curcumin (PDS); Cmax | [34]
tai ndo dat 86,20 + 8,18 ng/g so vdi 54,32 + 2,10 ng/g.
NLC-resveratrol trong gel in situ dung tai niém mac miii lam
tang phan b resveratrol vao ndo; Cmax tai ndo dat 1030 + 135
ng/mL, cao hon hdn dich resveratrol duong udng (402 + 41
ng/mL), véi ty 18 ndo/méu cao hon 2,5 lan.

Lurasidone-NLC ding tai niém mac mii gitp ting nong do
Lurasidon Tam than phén liét | lurasidone trong ndo khoang 2 1an so véi dung dich thudc, cho | [36]
thdy kha ning ting phan phdi thudc dén nio.

NLC phu chitosan gitip tang kha nang van chuyén berberine
Berberin Hudng dich ndo tir miii dén néo, thé hién qua muc thude trong ndo va hiéu qua | [37]
hudng dich ndo cao hon so véi dung dich berberin.

NLC chtra cinnarizin dugc dua vao gel in situ dung duong
mili, giup ting phan bd thudc dén ndo; Cmax trong ndo ting

Resveratrol Hudng dich ndo [35]

Cinnarizin Bau nira dau khoang 2,07 lén va AUCo—sh trong ndo ting 2,23 lan so véi [38]
dung dich thudc dung duong miii.
5.4. Duong tiém cau duy tri ndng d6 6n dinh trong mau. [4].
Trong bdi canh d6, NLC 1a hudng tiép can tiém
Duong tiém, ddc biét la tiém tinh mach, cho ndng nho khd ndng giai phéng thube kéo dai,
phép dua thude truc tiép vao tuan hoan toan than gitip duy tri néng do hoat chét on dinh, gidm tan
va c6 thé dat sinh kha dung 100%. Cac ché pham sudt tiém va cai thién tuan thu didu tri [2], dong
tiém cling ¢6 uu diém 1a khoi phat tac dung thoi véi tuong thich sinh hoc cao va kha ning
nhanh va hp thu toan than nhanh [10]. Tuy mang hiéu qua cac hoat chat than lipid, NLC tr&
nhién, duong ding ny gay dau, can hé trg boi thanh hé mang phi hop cho nhiéu thudc dudng
nhan vién y té va mot s thude tiém con gip kho tiém [8, 39].
khan vé d6 hoa tan, doc tinh toan than hodc yéu
Bang 5. Mot sb nghién ciru tmg dung NLC dung dudng tiém
£ . £ . Trich
Thude Ung dung Két qua din

NLC gin GA va GalNH: lam tang kha ndng hudng dich dén
gan, thuc day chet theo chuong trinh cua té bao hinh sao

Bénh gan - xo gan, dong thoi giam ling dong chit nén ngoai bao va cai | [40]

Dehydrocavidine

héa gan thién hiéu qua chong x0 hoa so véi NLC khong gin hodc
chi gan mot phdi tir.
Lién két hydrazone nhay cam véi pH cho thay su giai phong
Doxorubicin Ung thu co klem soat tor NLC. Cac nghién ctru in vivo cho thay [41]

thong sé dwoc dong hoc tot hon va giam sy phat trién khoi
u v6i sy giam doc tinh do thudc giy ra & chudt.

NLC phu mang hdng cau duoc bién doi kép véi RVG29 va
TPP, dung dudng tinh mach, giip vuot hang rao mau-—nao,
Resveratrol Huodng ndo huéng dich té bao than kinh va ty thé; hé mang resveratrol | [42]
lam giam stress oxy hoa ty thé va cai thién suy giam tri nho
& chudt APP/PS1.
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NLC chira ondansetron HCI giup kéo dai giai phong thude
va cai thién dac tinh dugc dong hoc; nghién ctru trén chudt

Ondansetron HCI Chéng nén cho thay NLC dung duong tiém dudi da lam kéo dai Tmax, | [43]
thoi gian lwu thude va ting murc d phoi nhidm toan than so
v6i dung dich ondansetron.
Silybin—NLQ tiém tinh mach cho AUC cao hon, kéo dai thoi [44]
Silybin Bénh gan gian luu thuoc trong mau va tang phan bo vao gan ¢ tho va

chudt so v6i dung dich silybin.

Mot thach thirc quan trong ddi véi cac hé
mang nano tiém tinh mach 1 nguy co bi bét giit
boi hé thuc bao don nhan, 1am giam thoi gian ban
thai ciia thudc trong mau va han ché kha ning
phan bb dén mé dich. Dé khic phuc van dé nay,
nhiéu nghién ctru da tién hanh bién d6i bé mit
NLC bang cac polymer nhu PEG hoic Pluronic
F68 nham lam giam sy nhan dién va bét gitr cua
dai thuc bao [2]. Chién lugc nay gop phan nang
cao hiéu qua diéu tri va do an toan cua thudc, dic
biét ddi voi cac hoat chit co doc tinh cao hodc
khoang diéu trj hep. NLC duogc nghién ciru nhu
hé mang cho nhiéu hoat chét ding duong tiém
trong diéu tri cac bénh 1y nhu dau man tinh, viém
gan, viém mang phéi va ung thu. Cac két qua
bude d4u cho thay nhiéu trién vong tich cuc, mé
ra tiém nang ing dung rong rii ciia hé NLC trong
tuong lai [4]. Mot sé nghién ctru tng dung NLC
dung dudng tiém trong diéu tri cac bénh 1y khac
nhau duoc tong hop trong Bang 5.

5.5. Duong nhan khoa

Dbi v6i bénh 1y nhan khoa, duong dung tai
chd ludn duoc vu tién dé han ché tac dung khong
mong mudn, trong khi dudng toan than thuong
kém hiéu qua do hang rdo mau — mat can trd
thudc tiép can mo dich [4 ]. Tuy nhién, mat 1a co
quan nhay cam va kho tiép can: hoat /dong chop
mat cung sy tiét va luu thong nude mat lam giam
thoi gian luu thudc trén bé mat nhan ciu, con
hang rao biéu mo6 gidc mac han ché xam nhap
ctia cac hoat chat than nudc va phan tir 16n, khién
sinh kha dung dudng mit thuong rat thap [45].
Do d6, cac liéu phap nhén khoa truyén thong
thudng phai dung nhiéu 1an trong ngay, gy bat
tién cho bénh nhan [2].

Hé NLC duoc xem 1a mot hudng tiép can dy
trién vong cho hé mang thudc nhin khoa nho tinh

tuong thich sinh hoc cao va do an toan t6t [10].
Kich thuéc nano cing ban chat lipid gitip NLC
cai thién kha ndng thAm qua cac md cia mit,
ddng thoi han ché nguy co giy doc va dap tng
mién dich. Ngoai ra, bé mit NLC c6 thé duoc
bién tinh bang cac polymer cationic nhu chitosan
oligosaccharide nham ting tinh két dinh niém
mac, qua d6 lam cham qua trinh thanh thai khéi
bé mit mat va kéo dai thoi gian luu thude tai
vung tién gidc mac [46]. Kha ning luu gitt ndy
cho phép NLC hoat dong nhu mét “kho du trit
thudc” tai mét, gop phan cai thién qua trinh
khuéch tan qua gidc mac va ting hp thu hoat
chat vao té bao. Dbng thoi, sy hinh thanh kho dy
trit thude con_ hd trg co ché giai phong kéo dai,
gitp duy tri nong do diéu tri on dinh va giam tin
suét sir dung thudc [4]. Mot sb nghién ciru tidu
biéu vé tmg dung NLC trong diéu tri cac bénh Iy
nhin khoa dugc tdng hop trong Bang 6.

5.6. NLC nhwr mét hé dan truyén gen

RNA va DNA vén tan t6t trong nudc, mang
dién tich 4m va dé bi phén huy boi enzym ngoai
bao, khién viéc van chuyen vao té bao gap nhleu
kho khén [4]. Vi vay, can c6 cac hé dan truyen
acid nucleic an toan, hi¢u qua va it dgc tinh. NLC
la mot trong nhitng h¢ mang dang nhan dugc
nhiéu sy quan tim nhd cac wu diém vén c¢6 nhu
d6 6n dinh cao, kha nang tai hoat chét tot va tinh
twong thich sinh hgc cao hon so véi nhiéu hé
mang khac. NLC di duoc nghién ciru dé van
chuyén nhiéu loai vat lidu di truyén nhu siRNA,
mRNA, plasmid DNA va h¢ CRISPR/Cas trong
diéu tri ung thu, bénh di truyén, bénh hiém ciing
nhu trong phat trién vaccin [4]. Dic biét, vai tro
cua cac hé¢ mang lipid trong cong thirc vaccin
mRNA phong SARS-CoV-2 da dugc FDA phé
duyét cho thdy tdm quan trong cua cong nghé
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lipid nanoparticle (LNP) trong dan truyén RNA v6i thude chdng ung thu duge trinh bay trong
[50]. Mot s6 nghién ciru vé tmg dung NLC trong Bang 7.
dan truyén acid nucleic va dong tai acid nucleic

Bang 6. Mot sb nghién ctru tmg dung NLC trén duong nhan khoa

J4 ‘ A 3 Trich
Thudc Ung dung Két qua din
5 ) NLC cl}l'ra voriconazole c6 kich thudc 250,2 * 3,1 nm va
Voriconazole Nhiém trang nam | hi¢u suat bao goi >75%; sau 30 phut, lugng thude luu tai gide [6]
O mat mac dat 13,88 + 0,24 pug/cm’ trong nghién ctru ex vivo, cho
thdy tiém ning phan phdi voriconazole tai gidc mac.
Puc thily tinh MGN- NL(E gla} pflong.keo da71, ting lfha I}ang tham qua giac
Mangiferin thé/chéng oxy mac 4,31 lqn va tang anh kha dung Y thuy d%ch 5369 lan so [47]
h voi dung dich mangiferin; dong thoi kéo dai thoi gian huu
oa A ~ A e - N .= /4
thudc trén bé mat giac mac va c¢o kha nang dung nap tot.
Palmitovl- Beénh véne mac PEA-NLC nho mat dua PEA dén vong mac véi Cmax 8,3
Y vILL vong e ng/g, trong khi hon dich PEA khong phat hién dugc PEA tai
ethanolamide dai thio dudng, < A Y 2 ~ X [48]
n vOng mac; dong thoi lam giam dang ké TNF-a vong mac &
(PEA) viém vOong mac e ac 1z \
chuot dai thao duong.
Tri€u chimg 6 | Loratadine-NLC cho kha nang tham qua gidc mac cao hon
Loratadine mat lién quan dén | so véi hon dich thudc trong nudc; gel NLC clng tang sinh | [49]
COVID-19 kha dung tai mit va khong gay kich tng trén mét tho.

Bang 7. Mot sb nghién ciru tmg dung NLC nhu mot hé dan truyén gen

Thubc Ung dung Két qua Téglh

NLC gian transferrin dong tai paclitaxel va DNA plasmid
gitp tang hidu qua chuyén gen va tac dung chdng u in vitro
va in vivo; kha niang hudng dich dén té bao ung thu phdi | [51]
NCI-H460 dwoc cai thién so véi NLC khéng gin
transferrin.

NLC gin transferrin dong tai doxorubicin va DNA plasmld
lam tang hi¢u qua chuyén gen va chéng u so véi NLC

Paclitaxel + Ung thu phdi
DNA plasmid khong t€ bao nho

Doxorubicin +
. 2. khong gin transferrin va SLN. Trén chudt mang khéi u
DI‘(I%%;SPH;M Ung thuphi | x549 he NLC lam giam khéi luong khéi u 66% sau 15 | 2]
p ngay, so vdi 47% ¢ NLC khong gan transferrin, 39% ¢ SLN
gan transferrin va 17% & doxorubicin ty do.
NLC phu chitosan dong tai paclitaxel va siRNA khang PD-
Paclitaxel + Une thu vt khan L1 lam tang dc tinh t€ bao, giam bicu hién PD-L1 va tang
siRNA khang & e € | thu nhan ndi bao. Trén chudt mang khdi u MCF-7/ADR, hé | [53]
PD-L1 NLC lam giam khoi u va tang dap tGng té bao T CD4",
CDg*.
NLC dong tai 5-FU va siRNA khang Bcel-2 vu tién luu gitr
5-Fluorouracil + Une the bidu mé té thuoc tai biéu l?i, han ché tham qua da; ting thu nhén té bao
siRNA khéang lg;éo vav & da (~60%), trc ché di chuyén (~60%) va tang chét theo chuong | [54]
Bcl-2 Y trinh. Trén mo hinh ghép di loai, hé NLC lam gidm phat

trién khoi u va cac triéu ching viém.
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Mic du vdy, phan 16n cac ng dung ciia NLC
trong liéu phap gen hi¢n nay van dang ¢ giai
doan tién 1am sang. Do do, viéc phat trién NLC
cho linh vuc ndy van con 1a mot huéng nghién
ctru rong 16n v6i nhidu thach thirc cn giai quyét.
Trong tuong lai, su két hop giita ednenghé tri
tué nhan tao (AI) trong thiét ké — t6i uu hoa cong
thirc NLC cung v6i su hiéu biét sdu hon vé co
ché gen bénh hoc duoc ky vong s& thuc diy
manh mé viéc ing dung NLC trong cac liéu phap
diéu tri c4 thé héa [55].

6. Két luan

Trong sb cac hé mang thubc nano hién nay,
NLC da thu hat sy quan tim dang ké nho kha
nang nap thudc cao, cai thién sinh kha dung, bao
vé& hoat chat khoi sy phan huy & didu kién in vitro
va in vivo, c6 tinh tuong thich va kha nang phan
hay sinh hoc cao do phan 16n lipid cAu thanh da
¢6 lich st sir dung trong dugc phém va duogc
cong nhan vé tinh an toan [4]. Nho nhiing uu
diém nay, NLC cho thdy tiém ning lon trong
diéu trji nhidu bénh 1y kho kiém soat nhu ung thur,
nhiém trung, bénh thoai hoa than kinh, bénh
viém man tinh va bénh di truyén, cling nhu trong
cac liéu phap diéu tri tai chd - nhiing linh vuc ma
nhiéu hé mang truyén théng con gap han ché [2].

Tuy nhién, viéc ing dung NLC vén con ton
tai nhitng thach thuc lién quan dén d6 on dinh,
kha nang m¢ rdng san xudt va dic biét 1a ho so
an toan dai han con han ché. Do d6, can tiép tuc
bd sung dit liéu vé hiéu qua, doc tinh va do an
toan théng qua cic nghién ctru tién 1am sang va
1am sang - day 13 co s& quan trong dé danh gia day
du tiém nang ing dung ctia NLC trong diéu tri.
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