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Abstract: Microfluidics is an emerging and promising interdisciplinary technology which offers
powerful platforms for precise production of novel functional materials (e.g., emulsion droplets,
microcapsules, and nanoparticles as drug delivery vehicles) as well as high-throughput analyses
(e.g., bioassays and diagnostics). Microfluidics has recently appeared as a new method of
manufacturing nanostructures, which allows for reproducible mixing in miliseconds on the nanoliter
scale. This review first describes the fundamentals of microfluidics and then introduces the recent
advances in making nanostructures for pharmaceutical applications including nano liposomes,
polymer nanoparticles and nano polymerosomes.
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Toém tat: Cong nghé vi dong chay la giai phap k¥ thuat lién nganh c6 tiém nang trong san xuét chinh
xac cac vat liéu méi (cac hé mang thudc nhii tuong, vi nang, tiéu phan nano) ciing nhu cac phép
phan tich chinh x4c (nhu dinh lugng sinh hoc, chan doan...). Cong nghé vi dong chay hién nay dugc
tng dung nhu 1a mdt phuwong phap ché tao cac hé ciu trac nano, boi nd c6 thé tron cac thé tich nano
lit trong thoi gian nano gidy. Trong bai nay, chung toi tong quan vé nguyén tic cua cong nghé vi
dong chay trong bao ché cac hé c¢6 ciu trac nano ap dung trong duoc hoc nhu nano liposome, tiéu

phan nano polyme va polymerosome.

Tir khéa: Cong nghé vi dong chay, tiéu phan nano mang thudc, nano liposome, tiéu phan nano

polyme, polymerosome.

1. Gi6i thiéu vé cong nghé vi dong chay
(Microfluidic)

Vi dong chay la cong nghé thao tac va xu ly
chat long trong vi kénh - 1a cac kénh c6 kich
thudc tir hang chuc dén hang traim micromet. Hé
thdng cac vi kénh co thé dwoc hinh dung gidng
nhu hé théng cac mach mau nho trong co thé, vi
thé cong nghé nay rat gan giii v6i huéng phong
sinh hoc trong y duoc hoc [1]. Su chuyén dong
ctia chét 10ng trong cac kénh kich c& siéu nhé co
nhing dic tinh doc dao, mang lai nhidu img dung
trong cac linh vuc khac nhau [2]. Hién nay cong
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nghé vi dong chay dugc tng dung trong rat nhiéu
linh vuc nhu ché tao vat li€u, y sinh nhu phan
(g sinh héa, nudi ciy té bao ... Cong nghé vi
dong chay con dugc goi vdi tén “lab on chip”, co
nghia 1a mot phong thi nghiém tich hop trong
con chip nhé. Ngay nay rat nhiéu nghién ctru
trén nhiéu linh vuc Gmg dung cong nghé vi dong
chay da dugc cong bd trén cac tap chi khoa hoc.

Céc thiét bi vi dong chay khong chi don gian
1a mot phién ban thu nho ctia cac ban sao ¢ tam
vi mé vi su chuyén dong cta chat 1ong & quy mé
cd micromet kha phuec tap, do c6 thé c6 vai hién
tuong dién ra cung mot lic. Do vay thuong sir
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dung cac thong s6 dé dién ta mot s6 qua trinh xay
ra chil yéu, mot trong nhiing thong sé dugc quan
tam nhat 13 chi s6 Reynolds (Re). Trong co hoc
chat 16ng, chi s6 Reynolds 1a mot gia tri khong
thir nguyén biéu thi d6 16n twong d6i giita anh
huong gy boi lyc quan tinh va lyc ma sat (tinh
nhét) 1én dong chay. Su chuyén tiép cua chi s6
Re noi chung trong khoang 1500-2500 mang lai
nhing su khéc biét vé thity dong hoc cta dong
chay. Theo d6, sb Re thip thi anh huéng cua do
nhdt co6 vai tro quan trong hon tac dong cua luc
quan tinh, chit long chay thanh tang. Trong
truong hop nay, chét long chay thanh cac 16p
song song, qua trinh chuyén khdi trong chat 1ong
chi co thé xay ra theo hudng dong chay va sy pha
tron gitra cac 16p chat long chu yéu la su khuéch
tan phan tir. Nguoc lai, chi s6 Re cao thi dong
chay bi chi phdi boi luc quéan tinh, cac 16p chat
long chuyén dong theo cac phwong khac nhau,
dong chay tré nén hén loan. Trong cac hé thdng
vi dong chay, s6 Re thuong thip hon 100 va do
d6 dong chay duogc coi 1a cac 16p song song. Pac
tinh cia dong chay chét 16ng c6 anh huong truc
tiép dén viéc tron trong cac thiét bi vi dong chay,
v6i dong chay tang thi sy pha tron gitta cac 16p
chat 16ng bi chi phéi chil yéu boi sy khuéch tan
phan tr [3, 4].

Cac vi kénh duoc tao ra bé“mg cach duc hoac
khic tir cac vat liéu nhu silic, thuy tinh, hodc
polymer nhu poly(dimethyl siloxane) (PDMS),
poly(methyl methacrylate) (PMMA),... Trong

nhimg nim gan diy, polymer dan tr& thanh
nguén vat liéu co ban cho cac chip vi luu.
Polymer dugc ua chugng hon ca 1a PDMS do chi
phi thap, ddc tinh dé dang tao khudn, tao kiéu dé
hinh thanh vi kénh, d& tao ra cac chi tiét kich c&
micromet voi d0 chinh xac cao, trong subt, do on
dinh héa hoc cao, khong doc hai. Tuy nhién
nhugc diém 16n nhat cia PDMS trong tong hop
céc tiéu phan nano mang thudc 14 kha niang chiu
dugc dung moi hitu co cuia PDMS kém. N6 co
thé bi truong 1én khi twong tac véi dung moi nhur
1a hydrocacbon thom, hay ngay ca v&i dung dich
amin va acid manh [5, 6]. Khic phuc nhuoc diém
nay, mot s6 nguyén liéu dang dugc xem xét su
dung gan day, dién hinh nhu PMMA véi nhiing
wu diém chi phi thap, dé dang ché tao, d6 bén co
hoc cao, dac tinh quang hoc rat tot, khong bi anh
hudng boi hau hét cic dung dich héa chat nhu
chét téy rira, chat lam sach, céc dung dich acid
hay kiém va cac hop chét hydrocarbon béo, tuy
nhién cac tinh chét co hoc cia PMMA lai bi thay
d6i theo nhiét d6 [5-8].

Céc chip vi lvu don gian nhét hién nay bao
g@)m cac vi kénh duogc tao khudn trong mot khdi
polymer dugc gin véi mot mit phang. Mot s6
cAu tao hinh hoc don gian cta chip hay duogc st
dung 14 cdu trc chir T, chit Y hay cdu trac chir
thap (Hinh 1). Sy khac nhau vé hinh dang hinh
hoc cua chip s& quy dinh co ché tuong tac giita
céc dong chat 1ong, tir d6 anh huong dén hinh
dang va kich thudc céc tiéu phén tao thanh [5].

(A)

(B) (©)

Hinh 1. Mot s dang cAu tao hinh hoc don gian cua chip hay dugc su dung: 1A- Céu trac chit T;

1B- CAu truc chit Y; 1C- Céu trac chir thap.

Trong chip vi luu, chét 1ong duoc tiém vao
hay dan ra ngoai thong qua cac 16 nho goi 1a dau
vao (inlet) va dau ra (outlet) (Hinh 2). Hé thong
nay duogc tich hop véi hé théng bén ngoai dé day

dong chay mot cach chi dong nhu bom xilanh,

bom nhu dong, thiét bi diéu khién ap suat [2].
Phén loai: C6 2 hé théng vi dong chay

thuong dugc sur dung d€ bao ché ti€u phan nano,
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gom hé théng vi dong chay tap trung (Micro
hydrodynamic focussing (MHF)), thuong dung
dé bao ché liposome co kich thudc nano va hé
thong vi dong chay nho giot (Microfluidic
droplets) thuong ding bao ché liposome c6 kich
thudc 16n (duong kinh 16n hon 10 micromet)
[9, 10].

Hé thong vi dong chay tdp trung (MHF):
bay la ky thuat vi dong chay dugc nghién ctu
rong rdi nhat, tao ra cac san pham liposome véi

su kiém soat tinh vi vé kich thuéc. Nguyén tic:
dung dich dém (pha nudc) chay doc tir hai phia
d6i dién ciia mot kénh hinh chit nhat, trong khi
dung dich phospholipid trong isopropyl alcol
chdy gitra cac 16p nudc doc theo truc cua kénh
(Hinh 3). Trong mo hinh nay, pha tron gitta dung
dich phospholipid trong alcol va dung dich nuéc
dugc xay ra trong vi kénh. Sy hoda tan nudc va
alcol vao nhau 1am giam nong d6 dung moéi alcol
dan dén ty sap xép phospholipid thanh cac chudi
16p kép cudi cung dong thanh liposome.

(A)

(B)

Hinh 2. (A) Hinh dnh 1 chip vi luu; (B) So d6 hoat dong Qé bao ché liposome: pha lipid va pha nudc dugc dua
vao 2 dau vao (inlet). Cac pha duoc tuong tac doc theo chicu dai kénh hinh thanh liposome, dong liposome dugc
dua ra khoi kénh [2].

Tu lip rép chudi lipip kép thinh liposomes

(A)

Dung dich d2m

Ligidteine DAL

.

A

“ Diong chiy t2p trung

Dung dich dém

(B)

Hinh 3. So d hinh thanh liposome trong dong chay tap trung [9].

A- Mb hinh hinh thanh liposome; B- M6 hinh kénh vi dong chay.

Hé thong vi dong chdy nhé giot: Nguyén tic
(Hinh 4): Sir dung thiét bi vi dong chay dé tao
nhil twong N/D/N duoc diéu ché bang cach tao
ra cac giot N/D va sau d6 dong goi lai chung
trong nudc. Cac 16p don phospholipid duoc xép
tai bé mit phan cach pha dau va nudc. Khi boc
hoi pha dau, cac 16p don hoa tron dé tao thanh

16p kép cua liposome cd duong kinh trung binh
trong khoang 4-20 micromet [9].

Ung dung: Cong ngh¢ vi dong chay dugc
{mg dung trong nhiéu linh vuc [5, 10, 11]. Trong
linh vyc y sinh hoc, c6ng nghé vi dong chay cho
phép phan tich nhiéu xét nghiém y té trén 1 chip
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duy nhét v&i lugng mau thir nho, nhu xét nghiém
acid nucleic; ché tao cac hat co kich thuéc c&
micromet va nanomet, rng dung lam hé mang
thudc, tao nén cac dang bao ché co sinh kha dung
cao, tic dung tai dich nhu liposome. Trong
nghién ctru sinh hoc té bao, cac vi kénh c6 kich

bp
,

b

cr E

Pha dung moi hirs co chia

thude tuong tu cac té bao sinh hoc, do d6 chip vi
dong chay cho phép thao tac dé dang trén cac té
bao don 1¢. Pong thoi cong nghé ciing duge Gmg
dung trén nhiéu linh vyc khac nhu cong nghé vi
phan tng dién hda hoc, lam mat bd vi xtr 1i,..

b

phospholipids
ARy il
= ) Boc hoi dung @
AN i o : e
& q g — Bk
= Nuoc [
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Hinh 4. M6t s6 mé hinh don gian sir dung trong hé thong dong chay nho giot.

(DP: pha phéan tan, CP: méi trudng phéan tan, E:nhil twong) [9].

2. Ung dung céng ngh¢ vi dong chay dé bao
ché mgt so tiéu phan nano mang thuoc

2.1. Bdo ché tiéu phan liposome

Trong vai thap ky gan day, liposome di thu
hut dugc sy quan tam lon. Voi cAu tao tuong tu
mang sinh hoc, liposome 1a mot hé mang thude
hi€u qua, tdc dung tai dich, nang cao sinh kha
dung va han ché tac dung khong mong muén cia
thude [12, 13]. Mot s6 phuong phap da duoc phat
trién dé bao ché liposome, ching han nhu hydrat
hoa phim, tiém ethanol, bc hoi pha dao. Tuy
nhién, viéc bao ché liposome bang cic phuong
phap nay thuong kho ddng nhit 16 mé. Do viy,
liposome tiép d6 s& duoc xtr li bang cach dun,
siéu am, hoic dong nhit & 4p suit cao dé thu
dugc kich thude va khoang phan bé kich thudc
theo yéu cau [9, 10, 14]. Vi dong chay 1a mot

cong nghé van dung su chuyén dong ciia dong
chat 16ng trong cac vi kénh, tao ra mot qua trinh
hoa tron nhanh va c6 kiém soat, mot moi truong
phan tmg dong nhét. Do d6, n6 1a mot cong nghé
hap dan cho nhiéu tng dung trong tong hop hoa
hoc va phan tich sinh hoc. Viéc kiém soat tinh té
ctia dong chay va diéu kién tron trong vi kénh da
dugc ap dung dé lam thay d6i kich thudc va cai
tién tinh dong nhét kich thudc hat. Cach phat
trién phuong phap vi dong chay dé diéu khién sy
hinh thanh liposome la mdt phuong phap maoi
day tiém niang dé bao ché liposome v6i chat
lwong duogc kiém soat d& dang hon [3, 10, 14].

Mot sb6 nghién ctru st dung cong nghé vi
dong chay dé diéu ché liposome:

S. Joshi va cong su (2016) nghién ctru bao
ché liposome dong gbi dong thoi tiéu phan thude
than nude va ki nude [15]. Chuédn bi duge chat
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la Metformin HC1 va Glipizide. Pha nudc gém tai moi TFR, khi FRR 1a 1: 1 c6 khuynh hudng

Metformin. HCI hoa tan trong dung dich dém, tao ra c4c liposome 16n nhét, kich thudc khoang
pha lipid gdm Glipizide va cac phospholipid hoa 200-300 nm véi gia tri PDI tir 0,38-0,67. Khi
tan trong alcol (methanol hozc ethanol). Thiét bi tang FRR t6i 3:1, kich ¢& cta liposome giam dén
vi dong chay véi céu tric tuong tic SHM khoang 120-130 nm va khi tang dén ti 1& 5: 1,
(Staggered Herringbone Micromixer) nhu hinh 5 kich thudc dén giam 80-90 nm v&i PDI khoang
dugc sir dung dé bao ché liposome. Phuong phap 0,11-0,22. Két luan ring TFR khong c6 anh
dong chay tap trung véi ti sb giita 2 pha nudc va huong dang ké dén kich thude liposome, trong
pha lipid duoc thay doi tir 5:1 dén 1:1 va tong toc khi ¢ FRR lai ¢6 anh huong quan trong dén kich
d6 dong tir 5 dén 15 mL/phat. Két qua cho thiy, thudc tiéu phan.

Céu tridc trén SHM
Bhring kinh kénh: 300 micromet

Pha lipid hoa tan thube l : __ Dhnde ke mrde

ki mrge I—”— e

Pha nursc hoa tan thude Lo : u”” _

thin mroc Thubc thin mrdc
Hinh 5. Liposome duoc bao ché bang thiét bi vi dong chay [15].

Koh va cong su (2009) bao ché liposome cong vao (inlet) va mot cong ra (outlet). Cac
chtra Oligonucleotides bang phwong phap MHF. cong dau vao duge ndi voi cac dng tiém vo tring
Oligonucleotides (ONs), bao gom ca cac ¢6 chura dung dich lipid trong ethanol, protamine
oligodeoxynucleotides antisense (AS-ODN) va hoic dung dich ON dugc dan vao kénh va
siRNA, dang dugc chu y ing dung nhu mét liéu liposome thu dugc tai dau ra. Diéu chinh ti s tbe
phap diéu tri nhiéu bénh [16-18]. Tuy nhién, viéc d6 dong (FRR) cua 2 dong lipid va protamine tir
su dung Oligonucleotides trong diéu tri bénh van hai kénh bén dén dong trung tim (dung dich ON)
con rat han ché do viée thiéu cac hé phan phdi an . Téc d6 chay cua cac dong ON, protamine va
toan va hiéu qua. Dé khic phuc diéu nay, mot s6 dong lipid 1an luot 14 20 va 450 pl/phit. Két qua
nghién ctru di huéng dén bao ché liposome chira thu dugc cac nano liposome kich thudc nhd
Oligonucleotides. Pé bao ché liposome dong (114,8 £ 12,7 nm) (PDI=0,120+ 0,063) so v&i
nhit va phan bd kich thudc hep, cac tac gia da liposome G3139 bao ché bai BM (152,7 + 22,1

tién hanh phat trién cong nghé bao ché sir dung nm) (PDI= 0,121+0,052) [18].
thi€t bi vi dong chay lam tr PMMA goém nam

Kim tiém cd kim l Dau pha lipid vao

| 2mm I 3mm

Pau vao pha nuoc Buéng twong tac Déngliposome

Hinh 6. So db thiét bi bao ché liposome Indomethacin bang ky thuat vi dong chay.



T.T.H. Yen et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 35, No. 1 (2019) 1-10 7

Tai Viét Nam, viéc ing dung cong nghé Vi
dong chay dé bao ché liposome van con rat han
ché, cho t6i nhitng ndm gan day ki thuat nay méi
bét dﬁu dugc chu y dén. Tran Thi Hai Yén va
cong su (2016) da tién hanh bao ché liposome
indomethacin bang hé thong vi dong chay tap
trung. Goc tuong tac gitta hai pha lipid va pha
nude duoc thiét ké 1a 90° dé han ché hién tuong
day nguoc dong (Hinh 6) [19]. Pha nudc va pha
lipid dugc bom vao budng twong tac thong qua
cac kim tiém nho hai mdy bom nhu dong. Khao
sat cac thong sd dong chay, két qua cho thay rang
tai khoang FRR khong anh huong dén KTTP va
PDI thi TFR ciing khong anh hudng, con &
khoang FRR con anh huong d¢én KTTP va PDI
thi TFR ciing anh hudng.

2.2. Bao ché tiéu phdn nano polyme (polymer
nanoparticles- PNPs)

Trong nhitng nim gan day, cac tiéu phan
nano polymer nhén duoc sy quan tdm déang ké
V6i tiém nang tng dung trong pham vi rong nhu
chan doan va phan phdi thudc. Uu diém cua
PNPs Ia kha nang giai phong cd kiém soat, bao
vé cac phan tir thude va tac dung tai dich, tao
diéu kién nang cao chi sb diéu tri [20, 21]. Cac
tiéu phan nano polymer co the ¢ cau trdc vi
nang (nanocapsules) hay vi cau (nanospheres)
(Hinh 7). Véi ciu tric vi nang, NPs c6 hinh thai
16i-vo v6i mot khoang chia nuée hoic dau,
trong d6 thude duoc giGi han va dugc bao quanh
bai mot 16p vo polymer. Vi cau tric vi cau, NPs
la tiéu phan cau trong d6 thudc va cac polymer
duogc phén tan dong déu [22, 23].

Qua nhiéu nim, mot loat cic polyme tong
hop da duoc kham pha dé bao ché cac hat nano
mang thudc (nanoparticles- NPs). Cac polyme
nhu Poly (lacticco-glycolic acid) (PLGA), poly
(lactic Acid), poly (methyl methacrylate)
(PMMA) va Pluronic F-127 da thu dugc sy chu
y déc biét nho vao kha nang tuong hop va phan
hay sinh hoc. PLGA 1a mét trong nhimg polyme
st dung phé bién va rong rdi nhét boi cac tinh
chat doc dao, khong doc hai, sy phit hop vé sinh
hoc va dugc to chitc Quan 1y Thyc phim va
Dugc pham Hoa Ki (FDA) phé duyét an toan cho
nguoi str dung [21, 24, 25].

So v6i cac phuong phap truyen thong, cong
ngh¢ vi dong chdy cho phép bao ché c6 kiém soét
va dong nhat 16 me. Hai loai phuong phap da
dugc phat trién dé tong hop PLGA NPs 13 dong
chay tap trung va nho giot [25-27].

Mot s6 nghién ciru st dung cong nghé vi
dong chay dé bao ché tiéu phan nano polymer:

Sun va cong su (2013) da nghién ctu céc
chip vi dong chay voi nhiing cau triic hinh hoc
khac nhau dé bao ché Doxorubicin nap trong
PLGA NPs véi kich thuéc co thé diéu chinh
duogc (70-230 nm) trong mdt budc tron nhanh va
¢6 kiém soat PLGA-Dox véi nudc [28]. Phuong
phap dong chay tap trung véi cac chip dugc ché
tao béng PDMS véi cac dang hinh hoc khac
nhau. Dung dich PLGA-Dox 2% duogc pha loang
boi dong chay lién tuc (nudc hodc dém) trong
chip vi dong chay, két qua tao ra NPs. Thiét ké
dat dugc nang suat 1200 mg NPs mdi ngay vai
tbc do dong chay tbi da 2,5 mL/h ddi véi dung
dich PLGA-Dox 2% (Hinh 7).

(a) Tiéy
Nete [ = PLC

.
2% FLGA g FLGA
DOX & & oox

(b) | ()

Hinh 7. Cac chip v6i dang hinh hoc khac nhau dé
bao ché PLGA-Dox NPs.

(a) CAu tao mat phang (b) C4u tao vong cung
(c) Cau tao xodn oc [28] Karnik va cong su
(2008) bao ché Docetaxel (Dtxl) nap trong poly
(acid lactic-co-glycolic)-b-poly  (ethylene
glycol) (PLGA-PEG) NPs béng cach sir dung
thiét bi vi dong chay 2D dong chay tap trung (2D
hydrodynamic flow focusing (HFF)) [29]. Tién
hanh thay d01 tbc d6 dong chay, thanh phan
polyme va ndng do polyme, thu dwoc cac NPs co
kich thudc nho, phan bd kich thudc tiéu phan
hep, hiéu suét tai thudc cao voi su phéng thich
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duoc chat cham hon. Tuy nhién, mot trong
nhitng thach thirc cta viéc st dung 2D HFF la
cac NPs ¢6 xu hudng tap hop lai, do d6 lam tic
ngh&n kénh. Rhee va cong sy (2011) thiét ké
thiét bi 3D HFF khéc phuc dugc nhiing nhuoc
diém trén va thu duoc cac ché pham dong nhét
vé 16 mé [30]. Lim va cong sy (2014) phat trién
mot thlet bi 3D HFF nang cap quy mé bang cach
tang so luong tuong tac cho phép tong hop NPs
v6i tde d6 bao ché co thé ting 1én dang ké. Cu
thé khi sir dung két hop 8 thiét bi HFF 3D ning
suat 1a 84 mg/h cao hon dang ké so véi thiét bi
HFF 3D don 1¢ 4,5 mg/h & diéu kién dong chay
tuwong tu [31].

2.3. Bao ché tiéu phdn polymerosome

Polymerosome (Ps) 1a loai tii duoc tao ra
mét cach nhan tao, cdu tao 1a mot tai duge lam
tr khdi copolymer ludng than, dién hinh Ia
nhitng Ps hinh cau chira 16i va nudc duoc bao
quanh baoi 16p mang kép. Loi dung dich nudce co
thé duoc sir dung cho viéc dong gdi cac phén tur
diéu tri nhu thudc, enzym, protein, peptide, DNA
va RNA. C6 thé tich hop céc loai thude ky nudc
trong 16p mang ky nudc cua polymerosome. Kha
nang dé nap thudc vao Ps di c6 mot sd ing dung
ndi bat trong y hoc, dugc, va cong nghé sinh hoc
v6i nhitng wu diém Ps kha 6n dinh va c6 thoi gian
luu théng dai trong mau [32-34].

Mot s6 phuong phap dd dugc phat trién dé
bao ché polymerosome, chang han nhu hydrat
hoa phim, thay d6i dung méi. Tuy nhién, viéc
bao ché polymerosome bang cic phuong phap
nay thuong kho dong nhit 16 mé. Do do, phuong
phap vi dong chay da dugc phat trién 1a mot nén
tang ma&i dé ché tao polymersomes [35-37].

3. Uu nhuge diém ciia cdng nghé vi dong chay
trong bao cheé tieu phin nano mang thuoc

Uu diém: So voi cac phuong phap truyen
thng dé bao ché cac tiéu phan nano mang thudc,
phuong phap vi dong chay c¢6 nhiéu vu diém [3]:
Pon gian, ton it thoi gian; tiéu phan nano thu
duoc co kich thude déng nhat, hiéu suét nap
thudc cao; kiém soat duge cac dic tinh cua cac
tiéu phan thong qua viéc kiém soét cac thong s6

nhu téc d6 dong chay, ti sé toc do dong cua 2
pha,...; c6 thé nang cap qua trinh thong qua tang
s0 lugng tuong tac.

Nhuwoc diém: Thiét b kich thudc micromet
khong c6 san, can ché tao tinh vi, gia thanh cao.

4. Nang cAp quy mé véi ki thuit vi dong chay

D¢ c6 thé nang cap mot quy trinh bao ché
thuong kha phtrc tap, nhin chung thuong trai qua
3 pha:

Pha 1: Thyc hién trén quy mé6 phong thi
nghiém dé c6 cai nhin cy thé vé cac tuong tac
dong hoc, dac tinh chuyen khéi, thong tin vé thuy
dong luc hoc chét 16ng ciia qua trinh. Cac thong
tin nay 1a thiét yéu cho cic nha khoa hoc dé hiéu
duoc co ché cua su tuong tac va sy hinh thanh
dén san pham dé t6i wu hoa qué trinh bao ché.

Pha 2: Panh gi4 cac thong s quy trinh trong
phong thi nghiém trong mot vai quy mé 16n dé
t6i wu hoa quy trinh.

Pha 3: Nang cip quy mo 1én san xuét 16n.

Tuy nhién cach tiép can nay c6 nhugc diém
12 nhimng thay ddi vé thé tich twong tac giita cac
dong chay trong cac giai doan khac nhau s€ gy
ra sy bat 6n dinh vé dic tinh chuyén dong khoi
va chuyen dong nhiét, gdy anh huéng xau dén

chat luong cuia san pham khi ap dung véi quy mo
16n [38].

Hinh 9. Nang cép quy mo thiét bi vi dong chay biang
tang so lugng céc twong tac [5].
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C6 hai huéng dé nang cip quy mo véi thict
bi vi kénh. Mot 1 ting toc do dong [39], tang
kich thudc thiét bi [38], hai la ting so lugng cac
tuong tac [5, 39]. So véi hudng thu nhat thi
hudng thir hai ¢6 uu diém 14 cac quy trinh tdi wu
hoéa dugc nghién ctu trén quy md phong thi
nghiém s¢ dugc su dung va han ché duogc nhiing
kho khan khi tang kich thudc thiét bi.

5. Két ludn

Nhing tién bo trong cong nghé nano da cho
thdy sy can thiét phai phat trién nhitng phuong
phap bao ché hiéu qua va c6 kiém soat mang lai
su dong nhit 16 mé. Cong nghé vi dong chay van
dung sy chuyén dong cua dong chét 1ong trong
cac vi kénh, tao ra mot qua trinh hoa trén nhanh
va c6 kiém soat, mot moi truong phan img dong
nhat. Do d6, n6 1a mot cong nghé hap dan cho
nhiéu tmg dung trong tong hop hoéa hoc va phan
tich sinh hoc. Viéc kiém soat tinh té cua dong
chay va diéu kién tron trong vi kénh da dugc ap
dung dé 1am thay doi kich thudc va cai tién tinh
dong nhat kich thuéc hat. Cach phat trién
phuong phap vi dong chay dé didu khién su hinh
thanh cac tiéu phan nano mang thudc 1a mot
phuong phap mai day tiém nang dé san xuat
cac hat nano v&i chat lugng duoc kiém soat dé
dang hon.
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