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Ki hiéu Tén Tiéng Anh Tén tiéng Viét
NIR Near-infrared range Vung hong ngoai gan
PPTT Plasmonic photo-thermal therapy Hiéu urng quang — nhiét
SPR Surface plassmon resonance Cong huang plasmon bé mat
SP Surface plasmon Plasmon bé mat
SPP Surface Plasmon Polariton Plasmon polariton bé mat
GNR Gold nanorod Thanh nano vang
THPC Tetra- kis(hydroxymethyl)phosphonium | -
chloride
GPS Gold Plating Solution Dung dich vang hydroxide
- Dung dich nuoi
TEM Transmission electron microscope Hién vi dién t truyén qua
DLS Dynamic Light Scattering Tén xa anh sang dong hoc
Pdl Polydispertion Index Chi s6 da phéan tan
GNR@m- Phurc hé thanh nano vang/
Sio2 mesoporous silica
GNR@m- Phtrc hé thanh nano vang/ )
Si02-DOX mesoporous silica chira thuoc
DOX
DOX Doxorubicin hydrochloride
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THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:

Tén dé tai: Nghién ctru ché tao va khao sat hiéu Gng chuyén dbi quang - nhiét cua phirc hé
thanh nano vang/mesoporous silica dinh huéng ung dung trong y sinh

Ma s6: B2018-TNA-03-CtrVL

Chu nhi¢m dé tai: TS. DS Thi Hué

T6 chirc chu tri: Truong Pai hoc Sur pham — DH Thai Nguyén

Thoi gian thyc hién: Tl thang 10/2018 dén thang 06/2021

2. Muc tiéu:

- Ché tao dugc thanh nano vang voi ti 1€ kich thudc cac canh khac nhau.

- Ché tao duogc phirc hé thanh nano vang/mesoporous silica phan tan trong dung dich bang
phuong phap hoa hoc.

- Nghién ciru hidu tng chuyén d6i quang nhiét ctia phtrc hé thanh nano vang/mesoporous
silica nham dinh hudng mg dung trong y — sinh.

- Nghién ctru hiéu tmg tan xa Raman ting cuong bé mat (SERS) cta cac thanh nano vang tmg
dung dé phat hién cac chat mau hitu co.

3. Tinh méi va sang tao:

Khéc véi cac phuong phéap truyén thong diéu tri ung thu nhu hoa tri hodc Xa tri vai nhiéu tac
dung phu khdng mong muén, phuong phap diéu tri bang quang nhiét (PTT) c6 thé tiéu diét cac té
bao ung thu bang cach 1am ting nhiét d cuc bo tai khéi u 18n t6i trén 42°C (1a ngudng nhiét do du
dé tiéu diét moi té bao) dudi birc xa lazer. Dy duoc xem 12 liéu phéap diéu tri ung thu it xAm 14n nhét
va hiéu qua cao. Dé viéc diéu tri c6 hiéu qua cao nhat ddng thoi dam bao an toan cho cac té bao khoe
manh, phuong phap diéu tri bing quang nhiét doi hoi phai sir dung céc tac nhan hip thu manh &nh
séng trong viing hdng ngoai gan vi chi nhitng 4nh séng ndy mai xuyén sau nhat vao trong da va mo.

Thanh nano vang c6 hai dinh cong huong plasmon trong d6 dinh cong hudng plasmon theo
chiéu doc cua thanh c6 thé diéu khién duoc trong viing hong ngoai gan bang cach thay doi ti & cac
canh cua thanh va chiét suit moi truong bao quanh ching. Véi dic tinh do, cac thanh nano vang
duoc xem 14 Gtng ctr vién xuit sic cho viéc diéu tri ung thu bang hiéu wng quang nhiét cé hiéu sut
chuyén dbi cao. Tuy nhién, viéc sir dung cac thanh nano vang c6 mot s nhuoc diém, chu yéu 1a: (i)
céc thanh nano vang thuong duoc bao phi bai mot 16p kép gom cac phan tir CTAB (vi day 1a tac
nhan can thiét cho sy dinh hudng cau tric caa thanh). Do 16p kép bé mat CTAB khong 6n dinh nén
¢6 thé d& dang tao ra cac thanh nano duoc pha béi CTAB. Biéu nay lam cho thanh nano vang mat di
tinh chat quang hoc doc dao cua ching va kho ¢ thé dua 1én dugc té bao. Hon nita CTAB da duoc
ching minh 1a giy doc tinh dang ké cho céc té bao, do do, cac thanh nano vang phit CTAB khdng
dugc sir dung truc tiép cho cac tng dung y — sinh; (ii) Nang luong anh sang hong ngoai giam dan

khi di sau vao trong md do bi tn xa va hap thy, vi vay mot s6 té bao & khdi u s& nhan duoc &nh sang
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lazer tryc tiép va khong thé bi tiéu diét; (iii) Cac thanh nano vang cau tric nonporous thé hién kha
ning tai thip va han ché d6 dan hdi nén hiéu qua phan phéi thudc khdng cao. Viéc lua chon
mesoporous silica 1am 16p boc cho céc thanh nano vang la rat pht hop gitp ching vira ¢ kha ning
tai thude va diéu tri té bao ung thu bang quang nhiét.

Su két hop giita phuong phap diéu tri bang quang nhiét va phuong phap héa tri nhim ting
hiéu qua diéu tri ung thu dang dic biét duoc cac nha khoa hoc trén thé gioi quan tdm nghién ciu. Vi
vay Viéc tai thudc trén phirc hé thanh nano vang/mesoporous silica s& hinh thanh nén phic hé thanh
nano vang/mesoporous silica (GNRs@mSiO,) chtra thudc vira ¢6 kha nang diéu tri bénh nho hiéu
g chuyén d6i quang nhiét cua thanh nano vang, vira c6 kha nang diéu tri bénh bang phuong phap
h6a nho sy ¢ mit cua cac phan tir thude. NGi cach khac, phirc hé thanh nano vang/mesoporous
silica (GNRs@mSiO,) chira thudc 6 tiém niang 16n ca trong diéu tri bénh. Dé tai “nghién ctru ché
tao va khao sat hiéu ung chuyén doi quang — nhiét cua phac hé thanh nano vang/mesoporous silica
dinh huéng tng dung trong y sinh” s& ¢ cac két qua nghién ciru co ban vé ché tao va ung dung cua
cac phic hé thanh nano vang/mesoporous silica trong chan doan va diéu tri bénh. Cac két qua nghién
clru ndy s& dong gop vao su phat trién cua “huéng nghién ciu wu tién nganh vat 1y dén nam 2020,
tam nhin 2030” cua bo Khoa hoc va Cong nghé.nghién ciu ché tao phac hé thanh nano
vang/mesoporous silica va khao sat hiéu (g chuyén déi quang - nhiét caa ching 1a mét viéc lam cé
¥ nghia thuc tidn va khoa hoc nham huéng t6i cac tng dung trong y sinh.

4. Két qua nghién ctru:

Nghién ctru tdng quan vé cac clu tric nano vang/silica va cac phwong phap ché tao cac
phuc hé thanh nano vang/mesoporous silica.

- Nghién ctru tong quan vé cac thanh nano vang, phirc hé thanh nano vang/silica va yéu cau
cta cac phirc hé nay cho cac tng dung y - sinh,

- Nghién ctru cac phuong phap ché tao cac thanh nano vang va phic hé thanh nano
vang/mesoporous silica dé tim ra phuong phéap ché tao thich hop phu hop véi diéu kién thuc nghiém
& Viét Nam

Ché tao cic thanh nano vang va phirc h¢ thanh nano vang/mesoporous silica

Pi ché tao duoc cac thanh nano vang theo phwong phap nudi mam véi ti 1& cac canh khac
nhau.

Pi chirc ning héa dugc bé mit cua cac thanh nano vang bang cac phan tir sinh hoc va twong
thich sinh hoc.

Tao modt 16p vo silica boc ldy thanh nano vang dé hinh thanh cu tric thanh nano
vang/mesoporous silica.

Nghién ctru hinh thai va tinh chit quang ciia cac thanh nano vang va cac phirc hé thanh
nano vang/mesoporous silica

- Nghién ctru hinh thai, tinh chat quang ctia thanh nano vang theo cac diéu kién ché tao
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- Nghién ctru hinh thai (hinh dang, kich thudc, d6 don phan tan) cta cac phirc hé thanh nano
vang/mesoporous silica theo cac diéu kién ché tao

- Nghién ctru cac dic dac tinh quang cia cac phic hé thanh nano vang/mesoporous silica theo
cac diéu kién ché tao thong qua pho hap thy UV-Vis

Pua cac phén tir thudc 1én cdu tric thanh nano vang/mesoporous tao phirc hé c¢é chirc
niing chin dosn bing hinh anh va c6 chirc ning diéu tri bing quang nhiét.

Nghién ctru quy trinh dé dwa cac phan tir thude 1én cac cau trac thanh nano vang/mesoporous
tao phirc hé thanh nano vang/mesoporous chira thudc

Nghién ciru tinh chit quang ciia phirc hé thanh nano vang/mesoporous silica chira thudce

Nghién ctru va khao sat cac tinh chat quang cua phic hé thanh nano vang/mesoporous silica
chtra thude thong qua cac phép do phd huynh quang va hip thu

Nghién ciru cic dinh hwéng mg dung trong y-sinh: Ung dung hiéu irng SERS dé phat
hién cac chiat mau va ving dung hiéu Gng chuyén ddi quang — nhiét ciia phirc hé thanh nano
vang/mesoporous silica chira thudc cho cac ing dung diéu tri trong y —sinh

- Khao sat hiéu tng SERS cua cac thanh nano vang

- Khao sat hiéu ung chuyén ddi quang nhiét ciia phirc hé thanh nano vang/mesoporous silica
chira thube dudi su kich thich cua lazer hong ngoai gin

Viét bai bao quéc té ding cac két qua mai cia dé tai

Viét bao cio tong két dé tai

5. San phim:

5.1. San pham khoa hoc

1. Do Thi Hue, Nguyen Thi Phuong Thao, Tran Khac Khoi, and Chu Viet Ha, Multi-shaped
silver meso-particles with tunable morphology for surface-enhanced raman scattering. Optics
Communications 497 (2021) 127200.(ISl, SCI, IF = 2.51)

2. Do Thi Hue' Tran Thi Thu Huong, Pham Thi Thu Ha, Tran Thu Trang, Nghiem Thi Ha
Lien,Vu Xuan Hoa, The dependence of medium refractive index on optical properties of gold
nanorods and their SERS application, AIP Advances 11, 055319 (5/2021) (ISl, SCI, IF = 1,6)

3. Do Thi Hue, Nghiem Thi Ha Lien, and Chu Viet Ha, Seeded growth synthesis of
uniform gold nanoparticles with controlled diameters up to 220 nm, Journal of Electronic Materials
(accepted in 6/2021) (ISI, SCIE, Q2, IF =1,77)

4. P8 Thi Hué, (2021) “Tong Hop Va Amin Hoa Bé Mit Hat Nano Silica Bang Phuong Phap
Stober”, Tap chi phan tich Hoa, Ly va Sinh hoc - Tép 26, S6 1/2021, 68-73

5. Do Thi Hu, Tran Thi Thu Huong, Nguyen Thi Phuong Thao, Tran Khac Khoi, Tran Thi
Thuc, Tran Thu Trang Vu Xuan Hoa, (2021), “Synthesis Of Silver Meso Structures With Tunable

Morphology For Surface-Enhanced Raman Scattering”, Advances in Optics, Photonics,



Spectroscopy & Applications X1, pp. 448-453.

6. P6 Thi Hué, Chu Viét Ha, Tong quan vé thanh nano vang: Tong hop, dic tinh quang va
ung dung, Tap chi Khoa hoc va Céng nghé, PHTN 208(15): 137 — 145, 2019

7. P Thi Hué, Nghién ciu hiéu tng chuyén d6i quang —nhiét caa cac hat nano vang trén mod
thit, Tap chi Khoa hoc va Céng nghé, BPHTN 208(15): 147 — 152, 2019

8. D6 Thi Hué, Tran Thi Thu Huong, Tran Khic Khéi, (2021) “Surface plasmon resonance
of gold/silver core/shell nanorod with different thickness of silver shell”, Tap chi Khoa hoc Pai hoc
Tan Trao, 7 (21), p.30-36, ISSN: 2354 - 1431

5.2. San pham ddo tao

1. B4 Chi Nghia, M6 hinh 1y thuyét va md phong tinh chat plasmonic ctia mot sb cau triic
nano tng dung trong quang nhiét va cam bién sinh hoc, luén 4n tién si nim 2020.

2. Luc Thi Tuyén, Anh hudéng cta hiéu tng plasmon bé mit cta cac hat nano vang kich thudc
20 nm |én sy phat xa ctia dung dich chit mau Rhodamine, ludn vin Thac si, nim 2020.

5.3. San pham iing dung

- Cac dung dich chira cac thanh nano vang

- Cac dung dich chira cac phirc hé thanh nano vang/mesoporous silica

- Céc dung dich chira cac phtrc hé thanh nano vang/mesoporous silica gan thudc

6. Phuong thirc chuyén giao, dia chi wng dung, tac déng va lgi ich mang lai cia két qua
nghién ciru.

Két qua cua dé tai duoc sir dung trong dao tao ctr nhan va sau dai hoc tai khoa Vat Ly truong
Pai hoc Su pham - Dai hoc Thai Nguyén va dinh hudng cho cac nghién clru ng dung trong y sinh
nhu diéu tri bénh bang hiéu Gmg chuyén ddi quang nhiét

Ngay 02 thang 08 nam 2021
) Chii nhiém dé tai
To chirc chi tri

Pd Thi Hué



INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: Research on fabrication and investigation of photo-thermal conversion effect of
gold nanorod/mesoporous silica complexes oriented for biomedical applications

Code number: B2018-TNA-03-CtrVL

Coordinator: Dr. Do Thi Hue

Implementing institution: College of Education - Thai Nguyen University

Duration: from 10/2018 to 6/2021

2. Objective(s):

- Fabrication and study of optical properties of gold nanorods

- Fabrication of gold/mesoporous silica nanorod complexes dispersed in solution by chemical
method

- Studying the photothermal conversion effect of gold nanorod/mesoporous silica complex to
orient its application in biomedicine.

3. Creativeness and innovativeness:

Unlike traditional cancer treatments such as chemotherapy or radiation with many unwanted
side effects, photothermal therapy (PTT) can kill cancer cells by increasing heat. The local
temperature at the tumor reaches over 420C (which is the temperature threshold enough to kill all
cells) under lazer radiation. This is considered the least invasive and highly effective cancer therapy.
For the most effective treatment while ensuring the safety of healthy cells, photothermolysis requires
the use of agents that strongly absorb light in the near infrared because only the This light penetrates
most deeply into the skin and tissues.

The gold nanorod has two plasmon resonance peaks where the longitudinal plasmon
resonance peak of the rod can be controlled in the near infrared region by varying the ratio of the rod
edges and the refractive index of the medium surrounding them. With that property, gold nanorods
are considered excellent candidates for cancer treatment by photothermal effect with high
conversion efficiency. However, the use of gold nanorods has several disadvantages, mainly: (i) gold
nanorods are usually covered by a double layer of CTAB molecules (as this is the necessary agent
for structural orientation of the bar).

Because the CTAB surface bilayer is not stable, it is easy to create CTAB-coated nanorods.
This causes the gold nanorods to lose their unique optical properties and make it difficult to get onto
the cell. Furthermore, CTAB has been shown to cause significant cytotoxicity, so CTAB-coated gold
nanorods should not be used directly for biomedical applications; (ii) Infrared light energy gradually
decreases as it penetrates deep into the tissue due to scattering and absorption, so some cells in the
tumor will receive lazer light directly and cannot be killed; (iii) Nonporous structure gold nanorods

exhibit low loading capacity and limited elasticity, so drug delivery efficiency is not high. The
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choice of mesoporous silica as a coating for gold nanorods is very suitable for both drug delivery
and photothermal treatment of cancer cells.

The combination of photothermal treatment and chemotherapy to increase the effectiveness of
cancer treatment is particularly interested in research by scientists around the world. Therefore, drug
loading on the gold/mesoporous silica nanorod complex will form a gold/mesoporous silica
(GNRs@mSiO2) nanorod complex that contains the drug and has the ability to treat diseases thanks
to the photothermal conversion effect of the nanorods. gold, has the ability to treat diseases by
chemical methods thanks to the presence of drug molecules. In other words, the gold
nanorod/mesoporous silica (GNRs@mSiO2) complex contains drugs that have great potential both
in disease treatment. The topic "Research on fabrication and investigation of photo-thermal
conversion effects of gold nanorod/mesoporous silica complexes oriented for biomedical
applications" will have basic research results on the fabrication and application of gold
nanorod/mesoporous silica. Gold nanorod/mesoporous silica complexes in disease diagnosis and
treatment. These research results will contribute to the development of the "preferred research
direction of physics until 2020, with a vision to 2030" of the Ministry of Science and Technology.
Research and fabrication of gold/mesoporous nanorod complexes silica and investigating their
photo-thermal conversion effect is a work of practical and scientific significance towards biomedical
applications.

4. Research results

* Overview of gold/silica nanostructures and fabrication methods of gold/mesoporous
silica nanorod complexes.

- An overview study of gold/silica nanostructures and requirements of these complexes for
biomedical applications,

- Researching methods to fabricate gold/mesoporous silica nanorod complexes to find out
suitable fabrication methods suitable for experimental conditions in Vietnam

* Fabrication of gold nanorod/mesoporous silica. complexes

- Gold nanorods have been fabricated by nucleation method with different aspect ratios.

- The surface of the gold nanorods has been functionalized with biomolecules and
biocompatibility.

- Create a silica shell around the gold nanorod to form a gold nanorod/mesoporous silica
structure.

e Study of morphology and optical properties of gold nanorod/mesoporous silica
complexes under fabrication conditions

- Study on morphology and optical properties of gold nanorods under fabrication conditions

- Study on morphology (shape, size, monodispersity) of gold nanorod/mesoporous silica

complexes under fabrication conditions
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- Studying the optical properties of gold nanorod/mesoporous silica complexes under
fabrication conditions through UV-Vis absorption spectroscopy

* Putting drug molecules on gold/mesoporous nanorods to create complexes with imaging
diagnostic functions and photothermal therapeutic functions.

Studying the process to introduce drug molecules onto gold/mesoporous nanorod structures to
create drug-containing gold/mesoporous nanorod complexes

» Study of optical properties of drug-containing gold nanorod/mesoporous silica
complexes

Study and investigate the optical properties of the drug-containing gold nanorod/mesoporous
silica complex through fluorescence and absorption spectroscopy measurements.

* Research on application of photo-thermal conversion effect of drug-containing gold
nanorod/mesoporous silica complex under near-infrared lazer excitation for therapeutic
applications in biomedicine

- Investigate the photothermal conversion effect of the drug-containing gold/mesoporous
silica nanorod complex under the excitation of a near-infrared lazer according to the illuminance
power density of the source.

- Investigate the photothermal conversion effect of the drug-containing gold/mesoporous
silica nanorod complex under the excitation of near-infrared lazer according to the particle
concentration.

* Write international articles to publish new results of the project

* Write a report summarizing the topic

5. Products:

5.1. Scientific products:

1. Do Thi Hue, Nguyen Thi Phuong Thao, Tran Khac Khoi, and Chu Viet Ha, Multi-shaped
silver meso-particles with tunable morphology for surface-enhanced raman scattering. Optics
Communications 497 (2021) 127200.(ISl, SCI, IF = 2.51)

2. Do Thi Hue, Tran Thi Thu Huong, Pham Thi Thu Ha, Tran Thu Trang, Nghiem Thi Ha
Lien,Vu Xuan Hoa, The dependence of medium refractive index on optical properties of gold
nanorods and their SERS application, AIP Advances 11, 055319 (5/2021) (ISI, SCI, IF = 1,6)

3. Do Thi Hue, Nghiem Thi Ha Lien, and Chu Viet Ha, Seeded growth synthesis of uniform
gold nanoparticles with controlled diameters up to 220 nm, Journal of Electronic Materials (accepted
in 6/2021) (ISI, SCIE, Q2, IF = 1,77)

4. Do Thi Hue, (2021) “Synthesis and Surface Amination of Silica Nanoparticles by Stober
Method”, Journal of analytical sciences, Vol 26, No 1/2021, 68-73

5. Do Thi Hue'™ Tran Thi Thu Huong®, Nguyen Thi Phuong Thaol, Tran Khac Khoil, Tran
Thi Thucl, Tran Thu Trang2, Vu Xuan Hoa2, (2021), “Synthesis Of Silver Meso Structures With
Tunable Morphology For Surface-Enhanced Raman Scattering”, Advances in Optics, Photonics,
Spectroscopy & Applications XI, pp. 448-453.
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6. Do Thi Hue, Chu Viet Ha, Overview of gold nanorods: Synthesis, optical properties and
applications, Journal of Science and Technology, TUTN 208(15): 137 — 145, 2019

7. Do Thi Hue, Research on photo-thermal conversion effect of gold nanoparticles on meat
tissue, Journal of Science and Technology, TNUE, 208(15): 147 — 152, 2019

8. Do Thi Hue, Tran Thi Thu Huong, Tran Khac Khoi, Surface plasmon resonance of
gold/silver core/shell nanorod with different thickness of silver shell, Scientific Journal of Tan Trao
University No.21_June 2021 p.30-36 ISSN: 2354 - 1431

5.2. Training products

1. Do Chi Nghia, Theoretical model and simulation of plasmonic properties of some
nanostructures applied in photothermal and biosensors, PhD thesis 2020.

2. Luc Thi Tuyen, Effect of surface plasmon effect of 20 nm gold nanoparticles on the
emission of Rhodamine pigment solution, Master thesis, 2020.

5.3. Applied products

- Solutions containing gold nanorods

- Solutions containing gold nanorod/mesoporous silica complexes

- Solutions containing drug-bound gold nanorod/mesoporous silica complexes

6. Transfer alternatives, application institutions, impacts and benefits of research results.

The results of the research used in training bachelors at the Department of Physics, College of
Education, Thai Nguyen university and can study advantage in bioapplications.

2" August in 2021

Implementing institution Coordinator

Do Thi Hue



MO PAU
1. Pit vin dé

Céc tng dung ctia cong nghé nano vao khoa hoc sy song ngay cang duoc phét trién rong rai,
trong d6 viéc sir dung cac vat liéu nano trong cac (mg dung y-sinh nhu ting do nhay ctia chan doan
va diéu tri hudng dich dang 1a mot huéng nghién ctru dugc nhidu phong thi nghiém trén thé gidi va
trong nudc quan tim phat trién.

Ung thu dang 1a mot trong nhiing cin bénh pho bién nhat trén toan cdu. Mic di dd c6 nhiéu
phuong phép diéu tri cai thién dang ké sy xam 14n cuia cac té bao ung thu dbi véi co thé bénh nhan.
Song cac phuong phap tri liéu truyén théng nhu hoa trj va xa tri van c6 nhitng han ché nhat dinh.
Liéu phap quang nhiét (PTT) dugc coi la mot cong nghé day hira hen trong viée tiéu diét cuc bd cac
té bao ung thu ma it xAm 14n nhét, nhdm khic phuc han ché ciia cic phuong phap diéu tri truyén
théng déng thoi nang cao kha nang chira bénh. Pé dat duoc diéu do, PTT thuong sir dung cac tac
nhan hip thy manh anh sang trong cira sé quang hoc cia da va mé (4nh sang hong ngoai gan) dudi
biic xa laser. Hon nita, dé toi vu hiéu qua diéu tri, cAc tic nhan st dung trong PTT c6 thé dugc gén
két voi cac tac nhan huynh quang cho phép hién anh hong ngoai gan.

Khac v6i cac phuong phap truyén thong diéu trj ung thu nhu héa tri hoic xa tri, phwong phap
diéu tri bang quang nhiét (PTT) c6 thé tiéu diét cac té bao ung thu bang cach 1am ting nhiét do cuc
b tai khdi u 18n tdi trén 42°C (12 ngudng nhiét do du dé tiéu diét moi té bao) dudi bic xa lazer.
Day duoc xem 14 liéu phéap diéu tri ung thu it xdm I4n nhat va hiéu qua cao. D& viéc didu tri c6 hiéu
quéa cao nhat dong thoi dam bao an toan cho cac té bao khoe manh, phuong phap diéu tri bing
quang nhiét doi hoi phai sir dung cac tic nhan hap thy manh anh sang trong viing hong ngoai gan vi
chi nhitng 4nh sang nay méi xuyén sau nhét vao trong da va mo.

Thanh nano vang c6 hai dinh cong hudng plasmon trong d6 dinh cong hudng plasmon theo
chiéu doc cua thanh c6 thé diéu khién duoc trong viing hdng ngoai gan bang cach thay ddi ti 16 cac
canh cta thanh va chiét suat méi truong bao quanh ching. Vé6i dic tinh d6, cac thanh nano vang
dugc xem 13 tmg cir vién xuét sic cho viéc diéu tri ung thu bang hiéu ing quang nhiét c6 hiéu suat
chuyén dbi cao. Tuy nhién, viéc sir dung cac thanh nano vang c6 mot sé nhugc diém, chu yéu 1a: (i)
céc thanh nano vang thuong dugc bao pht bi mot 16p kép gom cac phan tir CTAB (vi day 1a tac
nhan can thiét cho sy dinh huéng ciu tric cta thanh). Do 16p kép bé mit CTAB khong 6n dinh nén
c6 thé dé dang tao ra cac thanh nano dugc phu boi CTAB. Diéu nay 1am cho thanh nano vang mat
di tinh chit quang hoc doc déo cua chung va khé c6 thé dua lén duge té bao. Hon nita CTAB da
dugc chimg minh 1a gay doc tinh dang ké cho cac té bao, do d6, cac thanh nano vang phfl CTAB
khong duoc sir dung truc tiép cho cac tng dung y — sinh; (ii) Nang luong anh sang hong ngoai
giam dan khi di sau vao trong md do bi tan xa va hip thy, vi vay mot s6 té bao & khdi u se nhan
dugc anh sang lazer truc tiép va khong thé bi tiéu diét; (iii) Cac thanh nano vang cdu trac
nonporous thé hién kha ning tai thdp va han ché d6 dan hoi nén hiéu qua phan phdi thudc khong
cao. Viéc lya chon mesoporous silica 1am 16p boc cho cac thanh nano vang 1a rit phu hop giup
chung vira c6 kha nang tai thude va diéu tri té bao ung thu bang quang nhiét.

Su két hop giita phuong phap diéu tri bang quang nhiét va phuong phap héa tri nham tang
hiéu qua diéu tri ung thu dang dic biét dugc cac nha khoa hoc trén thé gidi quan tam nghién cuu.
Vi véy viéc tai thude trén phirc hé thanh nano vang/mesoporous silica s& hinh thanh nén phirc hé
thanh nano vang/mesoporous silica (GNRs@mSiO,) chira thudc vira c6 kha nang diéu tri bénh nho
hiéu g chuyén d6i quang nhiét ctia thanh nano vang, vira c6 kha nang diéu tri bénh bang phwong
phiap hoa nhd sy c6 mit ciia cac phan tir thudc. No6i cach khac, phic hé thanh nano
vang/mesoporous silica (GNRs@mSiO,) chira thudc c6 tiém ning 16n ca trong diéu tri bénh. Dé tai
“nghién ctru ché tao va khao sat hiéu ung chuyén d6i quang — nhiét cua phirc hé thanh nano
vang/mesoporous silica dinh hudng tng dung trong y sinh” s& c¢6 cac két qua nghién ctru co ban vé



ché tao va ung dung cua cc phirc hé thanh nano Vang/mesoporous silica trong chan doan va diéu
trj bénh. Cac két qua nghién ciru nay s& dong gop vao su phat trién cua “hudng nghién ctru vu tién
nganh vat 1y dén nam 2020, tim nhin 2030” cta bo Khoa hoc va Cong nghe nghién ctru ché tao
phirc hé thanh nano vang/mesoporous silica va khao sat hiéu ung chuyén d6i quang - nhiét cia
chung 12 mot viéc 1am c6 ¥ nghia thuc tién va khoa hoc nham hudng t6i cac tmg dung trong y sinh.

2. Muc tiéu nghién ciru
- Ché tao va nghién ctru tinh chét quang cua cac thanh nano vang

- Ché tao dugc phtrc hé thanh nano vang/mesoporous silica phan tan trong dung dich bang
phuong phap hoa hoc

- Nghién ctru hiéu tmg tan xa Raman ting cudng bé mit SERS cua cac thanh nano vang tmg
dung phat hién cac chat mau hiru co

- Nghién ctru hiéu tmg chuyén d6i quang nhiét cta phtrc hé thanh nano vang/mesoporous
silica nham dinh huéng tmg dung trong y — sinh

3. P6i twong twong nghién ciru

Céac thanh nano vang, phic hé thanh nano vang/mesoporous silica, phirc hé thanh nano
vang/mesoporous silica chira thude

4. Gia thuyét khoa hoc

Tdng hop cac hat thanh nano vang bing phuong phap nuéi mam dé st duungj chung 1am vat
liéu 16i cho qua trinh hinh thanh phtic h¢ thanh nano vang/mesoporous silica.Trén co so do, st
dung chung d¢ hudng tdi cac ng dung trong y Sinh dac biét 1a trong diéu tri bénh bang quang
nhiét.

5. Nhiém vu nghién ctru

« Nghién ctru ché tao va khao sat tinh chit quang cac hat thanh nano vang bang phuong phap
nudi mam

« Nghién ctru ché tao va khao sat tinh chit quang cia phirc hé thanh nano vang/mesoporous
silica

« Nghién ciru ché tao va khao sat hiéu ing chuyén d6i quang nhiét ctia phirc hé thanh nano
vang/mesoporous silica chtra thudc

« Nghién ciru higu ing tan xa Raman tang cuong bé mat SERS ctia cc thanh nano vang ting
dung phat hién cac cht mau hiru co

6. Pham vi nghién ctru

- Nghién ctru ché tao cac phtic hé¢ thanh nano vang/mesoporous, cac phttc h¢ thanh nano
vang/mesoporous silica chira thude

- Khéo st hiéu tmg chuyén d6i quang nhiét ciia phirc hé thanh nano vang/mesoporous silica
chira thube dudi sy kich thich cua laser hong ngoai gan cho cac ing dung diéu tri trong y —sinh

7. Phwong phap nghién ciru
- Phuong phap thuc nghiém ché tao vat li¢u

- Str dung cac thiét bi SEM, TEM, DLS, UV-Vis, .. d¢ khao sat hinh thai va dic tinh quang
ctia vat liéu ché tao duoc.

- Khao sat hiéu tmg chuyén d6i quang nhiét ciia phirc hé bang hé dung tai phong thi nghiém
ctia nhom Bionanophotonics



Chuong 1: TONG QUAN

Dé tai da tham khao 69 tai liéu tham khao dé bao céo céac noi dung c6 lién quan, bao gom:
(i) Tinh chat quang cua céac cau triic nano vang, (ii) Cac phuong phap ché tao phtic hé thanh nano
vang/mesoporous silica, (iii) Ung dung cua cac hat nano vang trong y sinh.

Trong nhitng nam qua, cac nghién ctu vé ché tao vat liéu nano & nudce ta da thu duge nhiéu
két qua c6 gia tri cing v&i d6 da hinh thanh nén nhiéu nhom nghién ctru 16n vé cac loai vat liéu
nay. Bén canh do, cac nghién ctru iing dung vat li¢u nano trong Y-Sinh & nudc ta da c6 nhitng budc
tién dang khich 1&. Trong d6 phai ké dén thanh tyu cta mot s6 nhém sau: Nhom nghién ctru ctia
GS.TS Nguyén Hoang Luong di ché tao dugc thanh nano vang va sir dung chung dé hién anh té
bao ung thu vi. Nhom ciing di ché tao va sir dung cac hat nano tir Fe;04 dé 1am sach DNA va phat
hién virus viém gan B, tach chiét DNA cua siéu vi khuan Herpes va 1am giau vi khuan Samonella
(nhiém vy HTQT vé KH&CN theo Nghi dinh thu, HP sé 38/355/2008/HD-NDT). Nhdm nghién
ctru ciia PGS.TS Nguyén Quang Liém da ché tao dugc cac cham luong tir va tmg dung trong phat
hién du lugng thudc trir sdu va bénh viém gan B (dé tai Poc lap cAp nha nude sb:
4/2/742/2009/HD-DTPL). Nhém Nanobiophotonics ciia Vién Vat 1y di c6 nhiéu két qua vé ché tao
va gin két hat nano vang dang cau v6i khang thé dé nhan biét dic hiéu té bao ung thu vi. Nhom da
boc duge cac hat nano vang va Ormosil bang cac phén tir Polyethylene glycole (PEG) va Bovine
Serum Albumine (BSA) gitip cac hat nano vang don phén tan va 6n dinh trong cac méi truong pH
khéc nhau, sin sang cho cac tng dung trong y - sinh (Dé tai Poc 1ap cip nha nudc do GS.TS
Nguyén Xuan Phuc lam chi nhiém). Bén canh d6, nhom ciing dd va dang nghién ciru ché tao cac
thanh nano vang véi cac kich thudc khac nhau bang phwong phap nudi mam va cac hat nano vang
cAu truc 16i/vo silica/vang voi kich thude 161 va d6 day 16p vo diéu khién dugc.

Céc thanh nano vang véi dic tinh quang 14 hap thy manh anh sang trong ving hong ngoai
gan, ddy 1a ctra s6 quang hoc ciia da va md, c6 hiéu tng tét cho cac tmg dung chuyén ddi quang
nhiét nham tiéu diét cac t& bao ung thu. Tuy nhién, dé khai thac duoc cac tmg dung dé can co cac
nghién ctru co ban sau hon pht hop véi thuc té ing dung trong co thé song.

Trong hon hai muoi nim qua, vét liéu nano da dat duoc nhiéu thanh coéng 16n trong cac
nghién ctru y sinh. Pic biét trong nhiéu nim gan day, ngay cang nhiéu nghién ctru tip trung vao
Cac thanh nano vang (GNRs) cho diéu tri ung thu vi ching c6 kha ning hip thy manh anh sang
hdng ngoai gan dé chuyén doi niang luong thanh nhiét ning, tiéu diét cac t& bao ung thu. Pi co
nhiéu nghién ciru ché tao cac thanh nano vang véi cac phuwong phap khac nhau nhu phwong phap
khir quang hoa (chiéu xa UV), phuong phép dién hoa, phuong phap khir sinh hoc va phuong phap
khir hoa hoc — phuwong phap nudi mam. Trong d6, phuong phap nudi mam sir dung CTAB lam tac
nhan dinh hinh cau trac khic phuc tot cac han ché con ton tai ctia cac phuwong phap khac. Py duoc
xem la phuong phép tong hop thanh nano vang don gian va mang lai hiéu qua cao.

Trén thé giéi nhiéu nghién ctru dang tap trung vao viéc khai thac cac ung dung ciia thanh
nano vang trong y — sinh, dac biét 1a kha nang tai thudc va diéu tri bénh nho hiéu tmg chuyén dbi
quang nhiét. Tuy nhién, né van 1a mot thach thirc ddi v6i cac thanh nano vang dé co thé hudng
dich. Hon nita, cira s6 hong ngoai gan mong mudn ctia cac thanh nano vang c¢6 thé bi dich chuyén
sang viing anh sang nhin thay do xdy ra sy két dam ciia cac thanh nano vang trong cac té bao khac
nhau. Diéu nay lam giam hi¢u sudt chuyén d6i quang nhiét ctia ching. Dé khic phuc han ché d6 va
da dang héa cac ing dung ciia thanh nano vang, mot s6 vo boc kich thudc nanomet nhu polymer
phan tng nhiét, polyethylene polycol (PEG), albumin huyét thanh nguoi, poly (amido amin
[PAMAM)]) dendrimer, chitosan, mesoporous silica, va DNA tuyén trc, da dugc nghién ciru dé lién
két voi cac thanh nano vang.



CHUONG 2: THU'C NGHIEM
2.1. Phén thyc nghiém
2.1.1. Nguyén liéu héa chit
2.1.2. Ché tgo thanh nano vang

Céc thanh nano vang duoc ché tao bang phuong phap phat trién bat ding hudng tinh thé
mam vang trong dudng mém CTAB/BDAC. Phuong phap nudi mam tao thanh nano vang gdm hai
giai doan chinh: giai doan tao mam vang tinh thé va giai doan phat trién bat ding hudng ciia mam
trong dung dich nudi dé tao cac thanh nano vang. So d6 cua hai giai doan nay dugc minh hoa trén
hinh 2.1.

1. Giai doan tao mam cau tric tinh thé
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2. Giai doan nudi mam tao thanh nano vang

Hinh 2.1. So do tong hep nano vang dang thanh bang phirong phdp nudi mam

Trong hinh 2.1 mam 1a céc tinh thé nano vang boc trong chat hoat dong bé mit CTAB duoc
tao ra bang cach khir mudi vang HAuCI, bang NaBH,. Cac mam tinh thé nay duoc dua vao trong
dung dich nudi 1a phic hé cua cac ion Au® vai hdn hop cac chit hoat dong bé mit CTAB/BDAC
VGi su cO mat ciia cac ion Ag™ dé phaét trién bat dang hudng thanh cac thanh nano vang.

2.1.3. Ché tao phiic hé thanh nano vang/mesoporous silica (GNR@m-SiO,)
Dé tao phirc hé¢ GNR@m-SiO, chiing t6i tién hanh cac budc sau:

Budc 1: Rira sach CTAB ctia GNR sau d6 phan tan lai trong dung dich CTAC 0.08 M cung
thé tich

Budc 2: Tao GNR@m-SiO,

8ml dung dich GNR sau rira duoc cho thém vao khoang 10ul NH,OH dé c6 pH =10. Sau do,
1,05ml TEOS 20mM/ethanol duoc thém vao dung dich GNRs véi tde d6 3,5ml/h khi dang khudy
tir manh & 40°C. Duy tri khudy trong 24h.

Budc 3: Li tdm vai lan trong nudc va ethanol. Sau d6 phan tan trong 15ml ethanol + 30pl
HCI, khudy tir 3h & 30°C dé loai bd CTAB va CTAC

Cubi cung, li tim vai 1an véi nude dé loai bo CTAB, CTAC, HCI, NH,OH

2.1.4. Gin két phirc hé thanh nano vang/mesoporous silica véi cic phan tir thuéec DOX
(GNR@m-SiO,-DOX)

200ul DOX.HCI 2 mg/ml dugc thém vao dung dich chira GNRs@m-SiO, sau khi da lam dac
dén OD =12. Hdn hop duoc khudy tir trong 75h tai nhiét d6 phong va trong tdi. Nho c6 tuong tac



dién gitra cac phan tr DOX va céc phan tr trén bé mat hat nano silica dan t6i su gén két cua cac
phan tir thudc voi phirc hé.

2.1.5. Khio sat hiéu ing chuyén ddi quang — nhiét ciia phirc hé

Thi nghiém dugc tién hanh trén 28 con chudt duge chia thénh 4 nhom 1, 2, 3, 4. Chudt dugc
gdy mé qua mang bung bang thiopental (48 mg/kg). Nhém 1 gdm 7 con chudt duoc tiém 200 ul
GNRs@m-SiO,-DOX (tu’(mg duong véi lidu luong 1.7 mg DOX/1 kg thé trong). Sau 24 h cac khéi
u duge chiéu anh sang bang tia laser 60 phit. Nhom 2 gém 7 con chudt duoc tiém 40 pl DOX ty do
(tvong duong véi liéu lugng 4 mg DOX/1 kg thé trong). Pay la liéu lugng théng thudong duge sir
dung cho con ngudi. Nhom 3 (ddi chimg duong) gdm 7 con chudt duogce tiém 200 pl PBS pH 7.4 va
chiéu xa trong cing diéu kién voi nhoém 1. Nhdm 4 1a nhém d6i chimg am khong duoc tiém phirc
hé va khong dugc chiéu xa.

2.1.6. Khdo sat hiéu irng SERS ciia cac thanh nano vang

Cac thanh nano vang véi kich thudc cac canh trung binh 1a 10 nm x 35 nm sau khi duoc lam
sach CTAB bﬁng cach li tam 03 1an tai 14000v/phut, moi 1an 30 phut dugc 1am kho trén bép tur gia
nhiét thanh nhimg vét c6 duong kinh khoang 5 mm trén lam kinh. Sau dé nhé cac dung dich chat
mau Indigo véi cac nong do thay doi 10* M, 10° M, 10° M, 107 M, 10® M 1én cac vét chira cac
thanh nano vang.

2.2. Cac phwong phap do dac

Dé khao sét hinh dang kich thudc cua cac loai hat nano sau khi dwoc tao ra chung toi da sir
dung kinh hién vi dién tir truyén qua (TEM). Déi hat vang va nanoshell I8i silica vo vang ching toi
dung phép do phd hap thu UV-VIS/phd hip thu plasmon va phép do huynh quang dé theo ddi su
bién ddi cua kich thudc theo cac diéu kién tao mau ciing nhu bién ddi theo thoi gian bao quan.



Chuong 3: KET QUA VA THAO LUAN
3.1. Ché tao thanh nano vang
3.1.1. Céc hat vang mam

Céc thanh nano vang dugc téng hop theo phuong phap nuéi mam nhu di trinh bay trong
phan thuc nghiém. Cac hat mam vang c6 cau trdc tinh thé véi kich thude vai nm da duoc téng hop
bang tac nhan khir NaBH,

Hinh 3.1. Anh HTEM cua tinh thé vang mam dé tao thanh: thang do 5 nm véi do phéng dai
500 nghin lan (hinh trdi), thang do 2 nm véi dd phéng dai 1 triéu lan (hinh phai).

Hinh 3.1 12 anh HTEM caa vang mam, véi do phong dai 1 tridu l1an c6 thé nhan thay cac hat
mam vang c6 cau tric tinh thé. Theo tai liéu tham khao, ching ti nhan dinh rang cac mam tinh thé
vang c6 cau trac don tinh thé kiéu bét giac véi cac mat {110} va {100}.

3.1.2. Thanh nano vang

Hinh 3.2 1a anh TEM cua thanh nano vang dugc ché tao voi diéu kién dé co ty 1€ cac
canh AR khoang 4 (hinh trai) va phd hip thy cuia dung dich thanh nano vang nay (hinh phai).
Anh TEM cho thiy san phidm thu dugc c6 dang thanh, c6 chidu ngang khoang 10+1 nm, va ¢
chiéu dai khoang 40+5 nm. Pho hip thu plasmon cua dung dich nay c6 2 dinh, dinh cong
huong plasmon theo chiéu ngang cta thanh (TSPR) & 515 nm va dinh cong hudng plasmon
theo chiéu doc cuia thanh (LSPR) ¢ 800 nm. Két qua do nay hoan toan phu hop véi cac Iy
thuyét vé thanh nano vang nhu trinh by trong chwong 1.
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Hinh 3.2. Anh TEM ciia thanh nano ving véi d¢ phéng dai 200 nghin
lan tai thang do 10 nm (trdi), phé hdp thu plasmon ciia chiing (phdi)

Céc thanh nano vang sau khi ché tao duoc loai hét CTAB va lam kho dé do XRD trén may
nhidu xa tia X SIEMENS D5005. Mau do XRD & dang bot, duoc quét & goc 20 trong khoang 10°-
70°, phd XRD cua thanh nano vang duoc trinh bay trén hinh 3.3 Bo ba dinh nhiu xa manh tai cac
goc 20 1a 38,2% 44,4° va 64,6° trang khop véi vang kim loai, chi thi cua cau tric lap phuong tim
mit (fcc) nhidu xa tir cac mat phang {111}, {200} va mat {220}, két qua nay ciing tring vai cong



bd vé phép do XRD cua thanh nano vang. Phép do nay cho phép ching ta c6 thé khang dinh rang
san pham nhan duoc ¢6 chat liéu 1a vang co cau tric tinh thé kiéu lap phuong tam mit.
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Hinh 3.3. Phé XRD cua thanh nano vang

Pé tong hop duoc cac thanh nano vang véi kich thude cac canh khac kha, chung t6i thay doi
ti 16 mol Ag"/Au®". Hinh 3.4 trinh bay mot s6 anh TEM minh hoa cic cu triic nano vang dang
thanh thu dugc khi ti 1& mol cua Ag” va AU® thay doi: 0; 0,108; 0,130; 0,174; 0,289; 0,362. C6 thé
thay trén cac anh TEM: khi khong c6 Ag* trong giai doan phét trién hat mam, dung dich thu dugc
da s6 1a cac hat vang dang cau, mét sb it dang tam giac va dang thanh. O @6, cac thanh vang ¢ ti 1&
cac canh AR rat 16n. Két qua nay hoan toan phi hop véi cong bé trong tai liéu tham khao.

0 0,108 0,130

3 S AN
0,174 0,289 0,362

Hinh 3.4 Anh TEM cua cac m4u thanh nano vang véi [Ag*] /[Au®"] thay doi, thang do bang
20nm

Khi nong d6 Ag" tang thi hidu sut tao thanh ting 1én tir 74,5% dén 88,9 va ti 1¢ céc canh cua
thanh tang tir 2,2 dén 4,5. Nhung khi ti 16 mol ciia Ag* va Au** trong dung dich 16n hon 0,289 thi
hiéu suit tao thanh giam tir 88,9% dén 75,6% va ti 1é cac canh cua thanh giam tir 4,5 xuéng 3,2
Hinh 3.5 trinh bay ph6 hip thu plasmon cong huéng va phd chuan héa ciia cac dung dich mau. Cac
dinh hip thu va do hip thu twong tmg nhan duoc ciia cac miu nay duoc trinh bay trong bang 3.2.
Két qua cho thdy, ddi véi truong hop khong c6 ion Ag' hay ti 16 mol Ag'/Au® trong dung dich nhé
hon hodc bang 0,065 (M1 va M2) thi dung dich thu duoc khong xuit hién dang phd dic trung cua
ciu triic nano vang dang thanh. Sy khac biét vé& dang phd cia dudng M1 va M2 cho thiy: khi
khong cé Ag" trong dung dich nudi thi cac hat trong dung dich da phﬁn la cac hat dang clu c6 mot
cuc dai hip thu tai budc séng 637nm; con khi c6 Ag” trong dung dich nhung ti 1& ndy con nhé
([Ag']/[Au**T= 0,065) thi trén phd hap thu (miu M2) khong chi con c6 mot dinh hap thy ma c6 xu
huéng xuét hién hai dinh hap thy, tuy nhién hai dinh nay khong c6 su tach biét rd rang. Diéu nay c6



thé giai thich rang cac hat trong dung dich phat trién bat dang hudng nhung su khac nhau giita cac
hudng khong nhiéu do nong d6 Ag” chua di 16n.
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Hinh 3.5. Phé hdp thu plasmon cong hieong ciia cde dung dich thanh nano vang theo ti Ié mol
[Ag*]/ [AU¥] (hinh trdi) va phé chudn héa (hinh phdi).

Trén hinh 3.5, ph6 hap thy chuan héa cta dung dich con cho chung ta thdy rang khi ndng
do AgNO; tang, dinh hép thu thr hai dich manh vé phia song dai con dinh thu nhét lai co su
giam vé mat cuong d6 so vdi dinh tht hai. Hién tugng nay lién quan dén su tang ti 1¢ cac canh
ctia cac thanh nano vang va ting ti 18 tao thanh. Pidu nay hoan toan phu hop véi két qua quan sat
duoc trén anh TEM.

Bang 3.1. Cdc théng s6 thwc nghiém khdo sdt sw anh hwong cia ion Ag+ dén sw hinh
thanh va phat trién cua cau tric thanh nano vang

TSPR LSPR
hi¢u “ Au3+][Ag+]/[ o (nm) Hrses o (nm) Huses

M1 0,000 2,17 639 - -

M2 0,065 1,63 533 1,59 603
M3 0,108 1,46 520 2,26 737
M4 0,130 1,16 526 2,58 756
M5 0,174 1,16 512 3,17 791
M6 0,195 1,17 512 3,58 817
M7 0,217 1,16 512 3,98 827
M8 0,253 1,17 511 4,15 829
M9 0,289 1,61 510 4,44 830
M10 0,326 1,57 510 4,20 820
M11 0,362 1,45 512 3,96 815

Két qua nay cho ta thdy nong d¢ ion Ag® khéng nhitng anh huéng lén viéc dich dinh plasmon
cong huong theo chiéu doc ciia thanh ma con anh hudng 1én hidu qua tao thanh thanh nano. Hinh 3.5
cho thay khi ti 1¢ mol [Ag*] /[Au®] trong khoang 0,217 — 0,289 (M7-M9), cic dung dich vang c6 budc
song dinh cong hudng plasmon theo chiu doc va d6 hap thu quang cao nhat.

3.1.3. Su phu thudc ciia diic tinh quang Vo chiét sudt méi truomg

Anh hwéng ciia nong dp CTAB Ién tinh chit quang ciia cdc thanh nano ving




Thanh nano vang (10 nm x 40 nm) dugc phén tan vao moéi trudng voi cac nong d6 CTAB khéc
nhau tir 0,033 M t6i 10-5 M . Pho hap thu plasmon ctia cac dung dich nay dugce trinh bay trong hinh 3.6
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Hinh 3.6. Phé hdp thu plasmon ciia thanh nano vang 10 nm x 40 nm phdn tan trong moi truong
voi cdc nong do CTAB khdc nhau (trdi) va pho chuan hoa ciia ching (phdi).

Anh hwéng ciia cdc phan tiv bé mdt lén tinh chit quang ciia cdc thanh nano vang

Hinh 3.7 trinh bay phd hap thu plasmon cua céc dung dich trude va sau khi dugc boc bang
cac phan tir trong thich sinh hoc.

£) ~
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Hinh 3.7. Cac pho hdp thu (tréi) va phé hdp thu chudn héa (phai) ciia cac dung dich nano vang
dang thanh trude va sau khi duoc boc bang cac phan ti fiwong thich sinh hoc BSA, PEG, GSH.
3.2. Che tao phirc h¢ thanh nano vang/mesoporous silica

3.2.1. Hinh thai va kich thwéce ctia phire hé thanh nano vang/mesoporous silica

GNR@m-SiO, dugc ché tao nhu dé cap dén trong phan thuc nghiém chuwong 2. Trong quéa
trinh phu silica, cetyltrimethylammonium cloride (CTAC) hinh thanh mot 16p kép xung quanh
GNRs va déng vai tro nhu mot khuén mau hitu co dé hinh thanh 16p silica trung gian. Cac GNRs
¢6 chiéu dai 45 nm va chiéu rong 12 nm (3.9a) tuong ddi dong déu va don phan tan. Tl hinh anh
kinh hién vi dién tir truyén qua (TEM) cia GNR@m-SiO, tong hop dugc trén hinh 3.8 co thé thay
v0 silica vO dinh hinh dugc uéce tinh c6 do day déng nhét ~30 nm va dugc ciu tao boi cac trung
bao c6 duong kinh 5 nm tao co hdéi cho GNR@m-SiO, dugc st dung nhu mot chat mang thude noi
chung. Do c6 16p vo trung gian silica nén cac GNRs sau khi boc c6 khoang cach trung binh 16n hon
khoang cach trung binh ctia cac GNRs trudc khi c6 16p vo silica. Piéu nay lam ting kha ning mang
thudc va hap thu 4nh sang ctia phirc hé khi duge sir dung hiéu img chuyén doi quang nhiét.
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Hinh 3.8. Anh TEM cua céc thanh nano vang (a) va cia phic hé GNR@m-SiO,
3.2.2. Tinh chit quang caa cac phic hé

Cé4c GNR c¢6 dinh cong huong plasmon theo chiéu doc ¢ 760 nm va theo chiéu ngang tai
530 nm (Hinh 3.9). Sau khi phu 16p v6 silica, dinh cdng hudng plasmon theo chiéu doc ciia thanh
thé hién sy dich chuyén mau d6 nho (~20 nm), trong khi dinh cong huong plasmon ctia thanh gan
nhu khong thay doi. Piéu nay 1a do dinh cong hudng plasmon cila cic GNRs rat nhay voi su thay
d6i chiét suat cia moi truong nhu da noéi trong phan tong quan va da duge bao cao trong cong viée
trude day cia chung t6i. Két qua do ciing hoan toan phu hop vi md phong 1y thuyét md phong
FDTD. C6 thé giai thich didu ndy mot cach ngan gon nhu sau: Chi s6 khiic xa cua vo silica (1,45)
gan voi chi s6 ciia mdi trudng nude (1.33) hon so véi 16p CTAC 2-3 nm (1.49). N6 ¢6 nghia 1a 16p
silica lam tang kha ning tuwong tac ctia trudng dién tir so v6i 16p CTAC. Do d6, nhiéu dién tir cta
I8i GNR dugc kich thich dé tao thanh cong hudng c6 hiéu qua. NOi cach khac, cac ciu trac trung
gian ctia 16p vo cho phép 161 GNR tiép xuc vi mdi truong xung quanh mot cach twong thich hon,
do d6 cho phép cac dinh cong huong plasmon theo chidu doc cia GNR thay d6i nhay hon ddi véi
nhing thay d6i chiét suat do cac phan tir bi hip phu gy ra chuyén dich d6. Hon nira, do khoang
cach 16n giita cac GNR trong GNR@ m-SiO,, viéc phan cum va tap hop s& khong anh hudng dén
vi tri cua dai cong hudng plasmon theo chidu doc trong cira s6 hong ngoai gin NIR, do d6 cho
phép céc photon thadm nhap vao cac mo sinh hoc v6i d6 truyén twong ddi cao, cho thiy tiém ning
cao d¢ GNR@m-SiO, duoc tmg dung rong rai trong cac biéu mo. Ngoai ra, trén phd hip thu con
cho thiy sy giam nhe ciia cudng do cia ca hai dinh cong hudng plasmon bé theo chiéu ngang va
theo chiéu doc ctia cac dung dich chita phitc hé¢ GNR@m-SiO, va GNR@m-SiO,-DOX.

—=— GNRs

18] *  GNRS@m-SiO,

16] —* GNRS@m-Si0,-DOX
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Hinh 3.9. Phé hdp thu UV-VIS cia cac GNRs, GNR@m-SiO,, GNR@m-SiO,-DOX va phan
tr thu6e DOX tu do
3.2.3. Khao sat dic tinh quang nhiét caa phic hé

Dé khao sat kha niang giai phong thudc caa phic hé GNR@m-SiO,-DOX, chiing t6i thuc
hién tai cic moi truong c¢6 pH khac nhau tai 5.6 va 7.4 & 3°C trong 120 gio. Hinh 3.10 cho thiy
rang ti 1& giai phong thudc cua phirc hé & méi truong pH axit (pH =5.6) cao hon hén so vdi trong
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mai truong co pH trung tinh (pH =7.4). Piéu nay chi ra rang khi tiém phirc hé¢ GNR@m-SiO,-DOX
(pH =5.6) tryc tiép vao chudt thi kha ning giai phong DOX la cao hon han khi phirc hé duge pha
trong dung dich d¢m PBS c6 pH =7.4 sau d6 méi dugc tiém vao co thé chuét. Diéu nay s€ duoc
kiém chung khi so sanh sy gia nhiét cuc b ctia md chudt khi tiém phirc hé voi hai moi truong pH
khac nhau va chiéu xa (nhém 1 va nhém 3).

Ngay sau khi chiéu xa, cac con chudt thuoc nhom 1 va 3 chét ngay, ti 1¢ phﬁn tram hoai tr
cua cac khoi u dugc xac dinh. Trong khi dé cac con chudt thugc nhom 2 (chi ti€ém DOX véi lieu
khuyén céo va chiéu xa) va nhom 4 (khong tiém thudc va khong chiéu xa) thi van song.

GNRs@m-SiO,-DOX pH 5.6
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Hinh 3.10. Khd ndng gidi phong thudc cua phirc hé GNR@mM-SiO,-DOX tai pH =5.6 va pH
=74

Nhiét d6 ciia md khdi u Ehrlich duoc do bang ham cua thoi gian chiéu sang NIR dé danh gia
su gia nhiét cuc bo caa khdi u khi ¢ hiéu ung chuyén déi quang — nhiét phicc hé GNRs @ m-SiO,-
DOX di chuan bi. Nhiét d6 mé ting 1én va dat trang thai can bang sau 10 phat chiéu va dat khoang
14 °C va 4°C trong sudt thoi gian chiéu sang bang anh sang hong ngoai gan déi voi nhom 1 va
nhém 3 tuong ng. Ngay sau khi tat laser, nhiét d6 ciia cac mau giam xudng gia tri nhiét do phong
Nhiing két qua nay twong tu voi cac két qua ma ching toi da bao céo truéc ddy bang cach sir dung
ciu trac 18i/ vo SiO,@Au. Loi thé caa viéc st dung phicc hé GNRs @ m- SiO,-DOX trong hda tri
- quang nhiét két hop nay 1a né giit duoc dic tinh quang trong qué trinh chuyén d6i quang nhiét khi
tiép xtc nhiéu lan véi bic xa NIR.
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Hinh 3.11. Si gia ting nhiét d¢ cuia cac khoi u nhdm 1 va nhom 3 nhur la ham cua thoi gian
chiéu xa NIR

Pho hép thy clia cac mau nhiéu lan tiép xtic véi xa hong ngoai gan khong bi thay doi. Theo
dir liéu thu dugc, c6 thé thay dang cta cac pho hap thy van 1 dang pho dic trung cia GNRs, chiing
t6 phirc hé GNRs @ mSi0,-DOX giit nguyén cdu triic thanh ciing nhu vét 1y ctia né sau khi tiép
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xuc voi nhiét do cuc bd qua mirc dugce tao ra khi chiéu xa NIR. Su thay ddi nhiét dd cua GNRs
cling voi nhiét do riéng ciia n6 sé 1a rat dang ngac nhién tiry thudc vao GNRs/ty 1¢ khéi luong mo
va diéu kién mdi truong xung quanh.

Dong thoi cling c6 thé thdy su thay doi nho trong tinh chat quang cia cac GNR@m-SiO, sau
khi duoc chiéu xa hong ngoai gan véi bude song 808 nm sau 1h, 2h, 3h va 4h qua phd hap thy UV-
VIS cua ching. C6 thé d& dang nhan thay trén hinh 3.13 rang khi dugc chiéu xa, dinh cong hudng
plasmon theo ca chiéu doc va chiéu ngang clia thanh déu c6 cudng do hap thu giam khi ting thoi
gian chiéu xa. Pong thoi dinh cong hudng plasmon theo chiéu doc cua thanh dich vé phia song
ngén khi chiéu xa cang lau trong khi dinh cong hudng plasmon theo chiéu ngang thi gan nhu khong
thay dbi vé budc song.

3.2.4. Khao sat hi¢u #ng tan xa Raman ting cwong bé mit caa thanh nano vang

Hinh 3.12 cho thiy kha ning ting cuong tan xa Raman bé mat cua céc thanh nano vang voi
dau do 1a cac phan tir chat mau Indigo. Cac pho tan xa Raman 1a tvong dbi dong dang voi nhau va
gidng vai dang pho tan xa Raman cua Indigo, tuy nhién cudng do tén Xa tai cac dinh cao hon nhiéu.
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Hinh 3.12. Phé tan xa Raman tang cwong bé mat cua Indigo véi cac nong dé khéc
nhau trén dé la cac thanh nano vang
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KET LUAN

Cong trinh dé tai da ché tao dugc cdc GNRs Véi cac kich thudc khac nhau bang cach thay
dbi ti 1é ndng d6 mol Ag* va Au®*. Két qua cho thdy GNRs téng hop dugce ddng nhit v& hinh dang
va kich thuéc. GNRs kich thudc nho, dudng kinh thay dbi tir 10 nm — 15 nm, chiéu dai thay doi tir
20 nm — 45 nm, ti lé cac canh tir 2 — 4,5, ¢6 dinh cong hudng plasmon nam trong viing 700 - 900
nm.

D3 tong hop va khao sét tinh chat quang cia phic hé GNRs@m-SiO, va GNRs@m-SiO,-
DOX. Céac phirc hé GNRs@m-SiO, tong hop dugc ¢6 16p vo silica vo dinh hinh dwoc wdc tinh ¢6
d6 day dong nhat ~30 nm va dugc ciu tao boi cac trung bao c6 dudng kinh 5 nm tao co hoi cho
GNR@m-SiO, duoc sir dung nhu mot chat mang thudc noi chung. GNR@m-SiO, ¢ dinh cong
hudng plasmon theo chiéu doc dich chuyén d6 nho (~20 nm), trong khi dinh cong huéng plasmon
ctia thanh gan nhu khong thay d6i. Piéu nay 1 do cic mode dao dong theo chiéu doc cua thanh
nhay véi su thay doi chiét suat ciia moi truong, dong thoi do anh hudng cua 16p vo trung gian silica
lam tdng kha nang tuong tac cua truong dién tir so vdi 16p CTAC. Dac tinh quang nay lam cho
phirc hé vira c6 tiém ning trong viéc mang thude vira c6 hiéu ung chuyén doi quang nhiét dé diéu
tri bénh theo phuong phép kép.

D3 bude diu khao sat duge hiéu ung chuyén dbi quang nhiét cua phirc hé GNRs@m-SiO, va
GNRs@m-SiO,- DOX. Két qua cho thdy khi khéi u duogc tiém phirc hé GNRs@m-SiO,- DOX
trong moi truong axit (pH =5.6) va chiéu xa NIR thi nhiét d6 mé ting 1én va su gia nhiét & trang
thai can bang dat cao nhat khoang 14°C, ti 1& phan tram té bao bi hoai tir & cac khdi u 1a cuc dai.
Diéu nay la do su giai phdng thudc va sy gia nhiét cuc bo tai cac khéi u.



