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SUMMARY

CHARACTERIZATION OF NaYF,:Tm’**,Yb’>" NANOMATERIALS FOR
TARGETED DETECTION OF LUNG CANCER CELLS IN VITRO

In this study, NaYF,:Tm’",Yb*" upconversion nanoparticles were synthesized via a hydrothermal method
and functionalized with silica, amino groups, and folic acid (FA) for targeted labeling of lung cancer cells.
The nanoparticles exhibited uniform spherical morphology (200-300nm) and pure hexagonal [-phase,
confirmed by Field emission scanning electron microscopy and X-ray diffraction. Fourier-transform
infrared spectroscopy confirmed the presence of characteristic functional groups, including Si—O-Si
linkages, —NH,, and FA, indicating successful surface modification. Under 980 nm near-infrared excitation,
the functionalized nanoparticles exhibited strong blue emission, with a dominant peak at 475 nm attributed
to the ‘G4 — °Hg transition of Tm?” ions. In vitro fluorescence imaging using Lu-1 lung cancer cells
revealed distinct and selective fluorescence signals, demonstrating the targeting capability of the FA-
conjugated nanostructures. These results highlight the potential of NaYF 4z Tm’", Yb3+@SiOz-NH-FA as a
promising nanosystem for non-invasive detection and targeted imaging of cancer cells.

Keywords: NaYF,: Tm’", Yb''; hydrothermal method; upconversion nanoparticles; surface
Sfunctionalization; lung cancer cells.

1. Pit van dé cu chan doan mdi, trong d6 cé viéc tng
dung vat li¢u nano dé phat hién ung thu
som va chinh xéac. Pac biét, cac vat liéu
nano phat quang chuyén dbi nguoc
(upconversion luminescent nanoparticles
— UCNPs), tiéu biéu 1a hé vat liéu NaYF,
duoc pha tap voi cac ion dat hiém nhu
Tm’", Er’" va Yb*", dang thu hat sy chi ¥
nho kha nang phat anh sang trong vung
kha kién khi duoc kich thich bang anh
sang hong ngoai. Uu diém nay khong chi
gitip giam nhiéu nén sinh hoc ma con cho
phép thu nhan tin hi¢u sau trong mo, tang
Hién nay, cac nghién ctru trong nudc va hiéu qué trong Ung dung hinh 4nh sinh
quoc té dang tap trung phat trién cac cong hoc tmg dung trong y sinh [1-5].

Ung thu phéi hién dang 1a mot trong
nhiing nguyén nhan hang dau gy tir vong
tai Viét Nam ciing nhu trén toan cau.
Theo so liéu tir Globocan 2020, can bénh
nay xép thir hai vé ca s6 ca mac méi va sb
ca tr vong. Bénh thuong dugc phat hién &
giai doan mudn, lam giam hiéu qua diéu
tri va tién luong séng. Pic biét, xu hudng
tré hoa ¢ bénh nhan ung thu phoi dat ra
yéu cdu cap thiét trong viéc phat hién som
& nhom ddi twong nguy co cao.
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Qua trinh chtrc nang hoa bé mat vat lidu
dong vai tro then chét trong viée nang cao
kha nang ung dung cua vat liu nano, dac
biét trong linh vuc y sinh nhu gitup cai
thién tinh tuong thich sinh hoc, tang kha
nang dinh hudéng muc tiéu, tao diéu kién
thuan loi cho lién hop sinh hoc, ting do
dac hi¢u va cuong dd tin hi€u cua ching
.. Cu thé, dé tang cuong kha ning nhéan
dién chon loc té bao ung thu, UCNPs
thuong dugc chirc nang hda voi cac phan
tr sinh hoc nhu nhom amine, peptide
hodc folic acid (FA)... [6-8]. Trong céc
phan tir sinh hoc, FA ¢6 4i lyc cao véi thu
thé folate — loai thu thé & trén bé mit
nhiéu loai té bao ung thu (ung thu phdi,
ung thu gan, ung thu vi, ung thu co tir
cung, ...). Viéc gin FA 1én UCNPs gitp
tang d¢ dac hi€u sinh hoc va kha nang
nham tring dich, qua d6 nang cao hiéu
qua chan doan va phat hién [9-10].

Hon nita, trong nhimg nim gin day,
UCNPs da dugc nghién ctru rong rai cho
nhiéu ung dung nhu hién thi, an ninh, cam
bién va y sinh. Trong sé d6, vat liéu nén
NaYF, ciing dugc danh gia cao vé hiéu
sudt phat quang, tinh 6n dinh va dé& dang
chtc nang hoa bé mat [8, 11-15]. Cac vat
liéu nano dugc thiét ké theo ciu trac core-
shell gitp cai thién dang ké cudng do phat
xa va do bén huynh quang [16,17]. Tai
Viét Nam, mot s6 cong trinh nghién cltru
d3 budc dau khao sat vat liéu NaYF, pha
tap cac ion Yb**, Er'" va Tm’" véi nhiéu
hinh thai cdu truc khac nhau. Tuy nhién,
viéc ing dung cac vat liéu nay trong chan
doan va phat hién té bao ung thu van con
tuong dbi it dugc khai thac. Déac biét, mot
s6 nghién ctru gan day cting mai chi tap
trung nghién cuu vé ung dung vat li¢u
NaYF, pha tap ion Yb**, Er’" ma chua dé
cap dén vat liéu co chira Yb**, Tm®" [18-
19]. Vi vay, trong nghién ctu nay, ching
t6i tong hop  vat lidu  nano
NaYF4;Tm ", Yb>" biang phuong phap
thity nhiét. Sau d6 tién hanh phu 16p silica
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va chic ning héa vat lidu di tong hop
dugc véi nhém amin va folic acid (FA).
Céc dic trung hinh thai hoc, ciu truc tinh
thé va tinh chat huynh quang duoc danh
gia thong qua cac phuong phap phan tich
hién dai nhu XRD, FTIR, FESEM va pho
huynh quang. Két qua budc dau cho thiy
vat liéu co kha nang phat quang manh, 6n
dinh va gén chon loc véi té bao dich, mé
ra tiém ning ung dung trong chan doan va
diéu trj ung thu.

2. Phwong phap nghién ciru, thuc
nghiém

2.1. Héa chit

DPé tong hop miu NaYF,;: Tm’', Yb*"
chung t6i st dung hoa chit cua cac hing
Sigma-Aldrich va Merck, gom: Y(NOs);
'6H20, Yb(N03)3 SHQO va
Tm(NOs);-5H,0 véi do tinh khiét 1én dén
99,99%; NaF c¢6 do tinh khiét 99,5%;
dung dich NH4,OH ndng d6 25%; 3
triethoxysilylpropylamine

[H,N(CH,)3Si(OCyHs);], do tinh  khiét

98,0%; tetracthyl orthosilicate (99%);
ethylene  glycol (99,95%); ethanol
(99,80%); 1sopropyl alcohol (99%);

NaOH (99,0%); nudc khir ion.
2.2. Tong hop méu

Vit liéu nano phat quang NaYF,: Tm®",
Yb*" dugc tdng hop thong qua phuong
phap thuy nhiét. Qua trinh tong hop dugc
tién hanh nhu sau: Cac dung dich goém 3
mL NaOH, 15 mL ethanol (C,HsOH), 15
mL ethylene glycol (C,H4(OH),), 15,8
mL Y(NOs3);, 3,8 mL Yb(NOs);, 4 mL
Tm(NO3); va nudc duoc cho vao binh
phan tng va khudy déu trong 15 phuat. Sau
do, thém tur tr 6 mL dung dich NaF vao
hén hop trén va tiép tuc khudy trong 6 gid
& nhiét do 150°C. Chuyén hdn hop thu
duoc vao binh teflon dit trong ndi phan
ung kin (autoclave) va u nhiét ¢ 180 °C
trong 24 gid. San pham sau phan (ng
duogc ly tam, rira nhiéu lan, séy 24 gio tai
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60 °C. Két qua thu dugc san pham 1a bot
nano NaYF4:Tm3+,Yb3+.

Qué trinh tao phirc hgp nano y sinh
NaYF,;: Tm®", Yb* @silica-NH-FA béng
cach chic nang hoa va lién hop hoa vat
litu NaYF4: Tm®", Yb’" thong qua hop
chat 3-triethoxysilylpropylamine
(APTES) va folic acid (FA): Hon hop
gom 3,3mL tetracthyl orthosilicate
(TEOS), 4,2 mL isopropyl alcohol (IPA),
1,0 mL nudc va 1,2 mL acetic acid duoc
cho vao binh, khudy déu (1 gid) thu duoc
dung dich dong nhét. Sau d6, 300 mg bot
NaYF;Tm’ +,Yb3 " duoc thém vao dung
dich nay va hdn hop dugc tiép tuc khuay
48 gio. Ly tam dung dich, roa bang
ethanol thu dwoc NaYFy Tm’,
Yb* @silica. Cho tiép san pham vao hdn
hop ethanol va nuéc, lic déu trong 20
phut. Thém APTES va folic acid FA vao
hé vat lidu nay, khudy tiép trong 12 gio.
Ly tam, rtra sach hdn hop thu dugc san
phim nano y sinh NaYF; Tm’,
Yb* @silica-NH-FA.

2.3. Phwong phap nghién ciru

Hinh thai hoc cua vat liéu duoc khao sat
bang kinh hién vi dién tor quét phat xa
truong. Chu trac cua vat lidu duge xac
dinh trén hé do nhiéu xa tia X (Siemens
D5000 véi A= 1,5406 A trong khoang 10°
< 0 < 80°). Phd hdng ngoai duoc khao sat
trén thiét bi FT-IR model NEXUS 670.
Pac tinh phat quang cua vat li¢u duogc
khao sat bang thiét bj IHR 550 v&i ngudn
kich tai budc song 980 nm.

3. Két qua va thio luin

3.1. Hinh thdi hoc cua vit liéu

Hinh 1 trinh bay anh hién vi dién tir quét
phat xa truong (FESEM) cua vat li¢u
NaYF4:Tm3 +,Yb3 +@silica—NH—FA sau
khi dugc xtr 1y nhiét & 180 °C trong 24
gi0. Cac hat quan sat dugc c6 hinh dang
tua cau, phan bd tuong ddi doéng déu, co
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kich thudc trong khoang 200 —300 nm. Bé
mit hat xuat hién hoi nham, ¢6 thé do su
hinh thanh 16p phu silica xung quanh 161
NaYF4Tm’",Yb>". Su hién dién cua 16p
phu nay khéng chi gitip cai thién do 6n
dinh trong dung dich ma con dong vai tro
14 nén lién két cdc nhém chirc nhu ~NH,
va folic acid (FA). Két qua anh FESEM
cho thy qua trinh tong hop va phu silica—
NH-FA da dat hi€u qua, thu duoc vat liéu
nano co6 hinh dang, kich thudc va do phan
tan thich hop cho Umg dung sinh hoc, dac
biét trong danh dau huynh quang va nhan
biét té bao dich.

...........
1.00um

IMS-NKL 5.0kV 5.1mm x50.0k SE(M)

Hinh 1. Anh FESEM ciia mau NaYF,: Tm>",
Y @silica-NH-FA i ¢ 180 °C, 24 gio.

3.2. Cau truc cua vit liéu

3.2.1. Phan tich pho hong ngoai

NaYF :Tm",Yb" @silica-NH-FA

3435cm”

1070 em™
787 em’!

80 -

1 1 1 1 1
2500 2000 1500 1000 500
vz -1
So song (cm™)

Hinh 2. Phé hé‘ng ngoai cua vat lieu NaYF,: Ti m®"
Yb3+@silica—NH—FA uo 180°C, 24 gio.

1 1
4000 3500 3000

Hinh 2 trinh bay phd hong ngoai cta vat
liBu NaYF4Tm® ,Yb* @silica—NH-FA.
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Quan sat pho hong ngoai cho thiy su hién
dién coa nhiéu dai hép thu dic trung,
phan anh cac nhom chirc da dugc gan 1én
bé mat vat liu sau qué trinh boc 16p
silica, chtirc nang hoéa v&i nhém amin va
folic acid. Cu thé 1a: trong dai hap thy tai
~3435 -3635 cm™ dic trung cho dao dong
kéo gian cia nhom hydroxyl (—OH)
va/hoac amin (—NH), xac nhan sy hién
dién cta cac nhom chuac tir 16p silica va
tac nhan APTES. Tai sé song ~2920 cm’™
la dac trung ctua dao dong kéo gian C-H
trong cdc nhom CH,/CHj3 cua chudi hitu
co, xuét hién sau khi vat liéu duoc phu va
chtrc nang hoa [20].

Dai hap thy tai khoang ~1635 cm™ ¢6 thé
dugc gan cho dao dong udn cua nhom
amin (N-H bending) hoac dao dong kéo
dai cua lién két cacbonyl (C=0O stretching)
trong cau tric cta phan tir folic acid (FA).
Dai rong tai khoang 1100 + 1050 cm™ 1a
dac trung cho lién két Si—O-Si, xac nhan
0 sy hién dién cua 16p vo silica trén bé
mat vat liéu. Ngoai ra, cac dinh tai 787
em™, 580 cm™! va 425 cm™! 1a dao dong
bién dang cua lién két Si—O hodc Si-O-Y
va c6 thé lién quan dén dao dong mang
(lattice vibrations) ciia pha tinh thé chira
cac ion Tm>" va Yb** trong nén NaYF,
[21]. Nhitng dic trung phd cho thdy cac
lién két hoa hoc gifra NaYF4Tm®",Yb*
va folic acid da dugc hinh thanh, chiing
minh su gin két thanh cong cua phdi tir
FA trén  vat lieu NaYFyTm'',
Yb* @silica-NH,. Viéc gin cac nhom
chure sinh hoc nay dong vai tro quan trong
trong viéc tang tinh tuong thich sinh hoc
va hudng dich té bao, dic biét 1a dbi véi
cac dong té bao ung thu phdi c6 biéu hién
thu thé folate.

3.2.2. Phan tich gian d6 nhiéu xa tia X

Gian d0 nhifu xa tia X (XRD) cua vat
lisu NaYFy:Tm’"Yb’ @silica-NH-FA
dugc thé hién trong Hinh 3. Cac dinh
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nhiéu xa véi cuong do manh va sac nét,
phan d&nh mau vat li¢u c6 do két tinh cao.

— NaYF_:Yb"/Tm™,Yb* @silica-NH-FA
10000

8000 |
6000 [
4000 |

2000 |

0

"’ ’ ’ 2Th4:ta (do) ? ? "’
Hinh 3. Gian d6 nhiéu xa tia X cua vit liéu
NaYF,: Tm®", Y0 @silica-NH-FA i ¢ 180 °C,
24 gio.

Céc vi tri vach nhiéu xa chinh tai cac goc
20 khoang 17,2; 29.,8; 31,6; 39,5; 43,6;
47,2 va 53,6° phu hop voi cac vach dac
trung cua pha luc gidc (hexagonal -
NaYF,), twong tng véi thé chuan JCPDS
s6 28-1192. Piéu nay cho thdy, vat liéu
NaYF,Tm’",Yb>* @silica—NH-FA  tong
hop dugc c6 cau trac pha p-NaYF,. Theo
mot s6 nghién ctru, viéc hinh thanh pha p-
NaYF,; co sy On dinh va hiéu sudt phat
quang cao hon nhiéu so vé&i pha lap
phuong (a-NaYF,) [18]. Két qua XRD
cho thay vat liéu thu duoc dat do tinh
khiét cao, cdu tric pha p-NaYF, phu hop
sit dung cho mot sd tng dung trong

y sinh.

3.3. Phé huynh quang
Phé huynh quang cia vat liéu

NaYF4Tm® ", Yb®" (kich thich tai budc
song 980 nm) duogc thé hién trong Hinh 4.
Két qua thu duogc chi ra r’?mg tai vi tri: ~
475 nm c6 dinh phat xa cao nhat, twong
tmg voi chuyén doi 'Gs — *Hg cua ion
Tm>", cho 4nh sang xanh lam dac trung.
Tai ~ 650 nm: dinh phat xa yéu hon, tng
vol chuyén doi tir 'Gy — °Fy4 hoac F, —
He, cho anh sang do.
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NaYF,:Tm",Yb*" @silica-NH-FA

16000

14000

12000

C- ong do (bvtd.)

10000

8000

6000

4%0 5(‘]0 5;0 6(‘)0 5%0

’ B- 6c¢ song (nm)
Hinh 4. Ph6 huynh quang ciia vit liéu NaYF ;.
*, Yb @silica-NH-FA 1 6 180 °C, 24 gio.

Trong hé vat liéu, FA dong vai tro nhu
mdt tac nhan huéng dich do kha ning gin
chon loc véi cac thu thé folate — von duoc
biéu hién manh trén bé mit cta nhiéu loai
té bao ung thu. Nho d6, FA c¢6 tiém ning
tr¢ thanh marker sinh hoc hi¢u qua cho
viéc phat hién va nhin dang té bao ung
thu. Trong nghién ctru nay, kha nang phat
hién té bao cta hé vat liéu phtc hop nano
NaYF,Tm’", Yb* @silica-NH-FA u véi
té bao Lu-1 trong 1 ngdy dugc quan sat
dudi kinh hién vi huynh quang soi nguoc
Zeiss Axio Vert. Al véi d§ phéng dai
40x. Céac mau duoc quan sat dudi anh
sang thuong (Bright field), anh sang
huynh quang va ché d6 merged (hop nhat)
va dugc trinh bay trong Hinh 5. Két qua
cho thay: dudi anh sang thuong, chi co
thé nhan biét hinh thai hoc cua té bao Lu-
1. Tuy nhién, khi st dung anh sang huynh
quang, mau doi chimg khong phat ra tin
hleu huynh quang rd rét. Nguoc lai,
mAu té bao Lu-1 sau khi duge u voi phu:c
hop nano trong 3 gid, xuat hién rd cac
diém phat sang huynh quang trén bé mit
té bao. Diéu nay thu duoc tir viéc hop
nhat cac két qua khi chiéu anh sing
thuong va anh sang huynh quang.

Qua trinh thr nghiém budc dau cho thay
cac nhom folate dd lién két thanh cong
v6i té bao Lu-1. Pidu nay ching to vat
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lisu NaYFy: Tm®", Yb* @silica-NH-FA
c¢6 tiém nang tng dung 1am cong cu phat
hién va danh dau té bao ung thu phodi in
Vitro.

Anh sing
huynh quang

Tén miu Bright field Merged

Control

NaYF,: Tm*, Yb*
(@silica-NH-FA

Hinh 5. Hinh dnh té bao Lu-1 doi chimg (Control)

va té bao Lu-1 i voi phitc hop nano NaYF,: m’",

Yb** @silica-NH-FA dwoc quan sdt dwdi kinh hién
vi huynh quang soi nguoc Zeiss Axio Vert. Al.

4. Két luén

Vit liéu nano NaYF;Tm®",Yb*" da duge
tong hop thanh coéng thong qua phuong
phap thuy nhiét; bé mat vat liéu duoc phu
16p silica va chuc nang hoa véi nhém
amin cung voi folic acid. Vat liéu thu
dugc c6 dang hat tya cau, phan bd déng
déu, kich thudc khoang 200 - 300 nm, ciu
tric tinh thé pha B-NaYF, 6n dinh va phat
xa huynh quang manh tai 475nm dudi
kich thich 980 nm.

Thir nghiém in vitro trén té bao Lu-1 cho
théy hé vat li¢u sau chirc nang hoa c6 kha
nang nhan biét chon loc va phét tin hi¢u
huynh quang r3, trong khi mau dbi ching
khong phat xa. Két qua thu dugc cho thay
tiém niang cua vat liéu trong danh dau
huynh quang va phat hién sém té bao ung
thu, hudng toi phat trién cac dau do nano
phéat quang chuyén d6i nguoc cho chin
doan ung thu giai doan som.

Loi cam on:

Nghién ctru ndy dugc hd trg kinh phi tur
Dé tai ma s6 VAST 03.03/23-24 thudc
Vién Han lam Khoa hoc va Cong ngh¢
Viét Nam. Céc tac gia xin chan thanh cdm
on Truong Pai hoc Y Ha Noi da tao diéu
kién dé thuc hién dé tai cip co so theo
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quyét dinh s6 698/QD-DHYHN vé viéc
phé duyét nhiém vu khoa hoc cong nghé
cép co sO cua Truong Dai hoc Y Ha No1
nam 2024.
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