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NGHIEN CUU HIEU UNG CHUYEN POI QUANG — NHIET
CUA HAT NANO VANG TREN MO THIT

P Thi Hué
Truong Pai hoc Suw pham — DH Thai Nguyén

TOM TAT

Bai b4o nay trinh bay viéc khao sat hiéu (ng chuyén d6i quang — nhiét cua cac thanh nano vang va
cac hat vang céu trac 16i/vo SiAu, FeSiAu dua trén kha niang hap thu manh anh sang trong ving
hong ngoai gan cua ching. Céc thi nghiém dugc tién hanh trén mé thit sng voi cac kich thudc
khéc nhau. Hiéu tng chuyén ddi quang nhiét duoc tién hanh trén hai thi nghlem doc 1ap: i) khao
st sy thay doi nhiét d6 ciia mo khi duoc tiém cung lwong hat nano vang va ii) khao sat sy thay doi
nhiét 6 cua cac hat nano vang SiAu va thanh nano vang c6 cung do hap thy trén mé. Két qua cho
thiy céc thanh nano vang va céc hat nano SiAu véi ciing d6 hap thu tai buéc séng 808 nm c6 hiéu
suat chuyén ddi quang — nhiét trong duong nhau va cao hon so véi cac hat FeSiAu.

Tiur khéa: nano vang, thanh nano vang, nano cau tric I8i/vé, quang —nhiét
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PHOTOTHERMAL THERAPY WITH GOLD NANOPARTICLES ON TUMOR

Do Thi Hue
University of Education - TNU

ABSTRACT

This paper investigates the photothermal effect of gold nanorods and core/shell gold nano as SiAu
or FeSiAu based on their ability to absorb light in their near-infrared region. The experiments were
conducted on live meat tissue of different sizes. The photothermal effect is performed on two
independent experiments: i) investigated changes in tissue temperature when injected with the
same amount of gold nanoparticles; and ii) investigated changes in tissue temperature when using
SiAu and gold nanorods have the same absorption. The results show that gold nanorods and SiAu
nanoparticles with the same absorption at 808 nm have the same photothermal conversion which is
higher than that of FeSiAu particles.
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1. Toéng quan

Hat nano vang da duoc biét dén tir thoi cb dai
vé tinh chat mau 1y tha sir dung trang tri trong
cac dd dung thuy tinh va kinh xiy dung. Dic
tinh wu viét cta cac hat nano vang la c6 kha
ning hap thu va tan xa anh sang cao gap 4-6
bac so véi cac phan tir mau thdng thuong,
hon nita ching 6n dinh vé& cu trac, khong
ddc, c6 kha nang twong hop sinh hoc cao va
nhit 1a chung d& dang hoat hod dé gin két vai
cac phan t sinh hoc nhu amino acid, protein,
enzyme, DNA va cac phan tir thudc thong qua
cac chat c¢6 chira nhom —SH [1]. Véi cac dic
tinh hoa hoc bé mit dic thu nay, cac nghién
ctru dang tap trung st dung hat nano vang lam
tam mang cho cac hé théng phan phdi thude
thudc [2], danh ddu va hién anh [3-5], Gng
dung cho chan doéan va chita tri mot sd bénh
nhu ung thu [6-9],... Bdi vi ¢6 do on dinh
16n, dong thoi co tiét dién hip thu rat 1on
trong ving nhin thdy nhd vao hiéu tmg cong
hudng plasmon bé mit nén hat vang duoc sir
dung lam chét chi thi trong sensor chan doan
bénh nhanh tir nhirng nam 1980 [10-12]. Que
thir ung thu sir dung hat vang l1am chat chi thi
dang 1a van dé méi duoc thé giéi quan tim. O
nudc ta, cac nghién cuou tng dung vat li€u
nano trong y - sinh da bat dau tir khoang 5
nam tro lai day va da dat dugc mot s6 két qua
dang khich 1¢. Trong d6 c6 nhom nghién ctru
cia PGS.TS. Lé Quang Huin - Vién Cong
nghé Sinh hoc - Vién KH&CNVN da st dung
cong nghé gen dé tao cac khang thé dic hiéu
khang nguyén ung thu bang phuong phap tai
t6 hop phage display (d& tai nha nudc 2006-
2008) nham tao cic KIT chan doan nhanh
cling nhu tao ngudn nguyén lidu cho ché
pham diéu tri mot sé dang ung thu bang liéu
phap khang thé phage, trong d6 c¢6 ung thu
vi. Dé diéu tri ung thu vaa c6 hidu qua thi viéc
xdy dung phuong phdp dinh tinh va dinh
luong chinh xac ham luong khang nguyén tu
do HER2 trong huyét thanh dong vai tro then
chét, mang tinh quyét dinh d6i voi hiéu qua
ctia cac phwong phap diéu tri [5]. Nham tham
gia phat trién viéc sir dung cac hat nano phat

guang trong y - sinh, nhém nghién ciru cta
Vién Vit 1y da dat van d& nghién ciru ché tao
hat nano vang lam chit danh du phat hién
khang nguyén ung thu va HER2 nham ung
dung xay dung kit chan doan bénh nhanh [5].
Cung v6i d6 1a mot sé két qua vé ché tao va
ung dung thanh nano vang cia nhém GS.TS
Nguyén Hoang Luong trong hién anh té bao
ung thu va va ché tao senxo dién hoa phat
hién gluco.

Vé khia canh vat ly, nho vao hiéu tng
plasmon céng huong nén cac hat nano vang
c6 tiét dién tit (hdp thu va tan xa) rat manh
trong ving nhin thay [13-14]. Cac hat nano
vang duoc st dung nhiéu trong céc thi
nghiém theo d6i don phéan tu va hién anh cac
té bao ung thu voi kha ning hap thu manh
anh sang trong vung héng ngoai gan dugc
g dung dé tiéu diét cac khéi ung thu bang
liéu phap quang nhiét [6,9,15].

Trén thé gigi da co rat nhiéu nghién cau vé
hiéu (g chuyén déi quang nhiét va duoc tng
dung vao thuc té cudc sdng. Nam 2011 nhom
tac gia Colin M. Henssel dd cong bd két qua
nghién ctru higu tng quang nhiét cua hat nano
vang va cac tinh thé nano Cu,Se trong nudc
[16]. Tién si Jennifer West cung véi nhém
Halas ¢ DPai hoc Rice (Houston, My) da cong
bé nghién ctiu diét té bao ung thu bang hat
nanoshell [17].

2. Ly thuyét vé hiéu &ing quang —nhiét

Khi c6 su kich thich cta anh sang céac hat
nano kim loai c6 kha nang sinh nhiét véi co
ché sinh nhiét nhu sau: truong dién cua tia
laser 1am cac dién tor cua cac nano tinh thé
dao dong va nang lugng do cac dién tir thu
duoc chuyén bién thanh nhiét, sau d6 nhiét s&
khuéch tan khoi hat nano dan dén nhigt do
moi truong xung quanh tang l1én. Qua trinh
sinh nhiét tré nén manh hon & trudng hop cac
hat nano kim loai hip thu manh anh sang
hong ngoai gan.

Hiéu suat truyén nhiét duoc tinh toén vai gia
thiét 14 cAc hat nano phan tan trong nudc va hé
hat nano va nudc nam trong khdng khi. Hé hat
nay dugc chiéu sang bang laser, md hinh can
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bang ning luong téng ciia mot hé duoc sir dung.
Khi c&c hat nano vang duoc kich thich quang
thi phan b nhiét xung quanh hat nano duoc mo
ta boi phuong trinh can bang nhiét [9]:

ar
Zmica_[E= '?[r!_r!g:l + Qorr — Qour
i

Trong d6: T la nhiét d9; t la thoi gian; m;, C,;
1a khéi lugng va nhiét dung riéng caa hé hat
nano va nuéc (vi khdi lwong cua hat nano la
nho nén trong truong hop nay coi khdi lugng
va nhiét dung riéng cua hé 1a khdi luong va
nhiét dung riéng cua nudc).

Nhiét lwong cua hé bao gom ning lwong ma
cac hat nano cung cip do hap thu anh laser
chiéu 1én cac hat nano vang (Qinnp), phan
nang lugng c6 duoc do mdi truong chua hat
nano hap thu tryc tiép anh sang laser (Qqurr)
va phan ning lugng mat mat do truyén nhiét
ra moi truong ngoai (Qou)-

Phuong trinh c4n bang nhiét c6 thé duoc viét
gon lai la:

ar- .

E =A—-ET

Trong d6: A(°C/s) la van téc hap thu nhiét
luong cho thdy su ting nhiét do khi bat anh
sang laser chiéu dén hat, B(s™) 1a van toc mat
mét nhiét dugc xac dinh bang su suy hao
nhiét do ra moi truong xung quanh sau khi tat
laser kich thich va T™ 12 nhiét @0 T -Teur (Teur
la nhiét do moi truong xung quanh).

Khi laser chiéu dén hé, cac hat nano va moi
truong s& hap thy ning lugng cua laser lam
nhiét d ciia hé tang dan 1én dén khi dat dugc
can bang giita van toc cap nhiét va van téc toa
nhiét ra moi truong, nhiét do moéi treong tang
dan dén khi dat gié tri can bang.

Khi ¢ su can bang nhiét giira nhiét luong thu
vao va nhiét lugng toa ra cua hé ¢ biéu thuc [9]:
10— 107%)n + Qeurr = hS(Trnax — Tourr)
V3i Trax 12 Nhiét do on dinh t6i da ma hé dat
dugc, A, 12 d6 hap thu tai budc séng A, h 1a hé
s6 truyén nhiét, S l1a dién tich tiép xdc giita
thé tich vang hat nano + nuéc va méi trudng
khong khi xung quanh. Vi vay hiéu suét
quang nhiét  c6 thé duoc tinh truc tiép tir su
gia ting nhiét do 6n dinh [9]:

F"S{ Tmcr - Irsurr'-] - quﬂ'
I{1— 10-44)

3. Thuc nghiém

Lase:
Ddes San
. Gea 80
Sot quangi,

'r'|:

Hinh 1. So d6 b6 tri thi nghiém khao sdt hiéu g
quang nhiét trén mo thit

St dung hé do nhu mé ta trong hinh 1 dé
khao sat hiéu tng quang nhiét cia cic hat
nano vang. Mau thi nghiém dugc thyc hién
trén md co (thit ga) lan lugt c6 kich thudc
4x4x1 mm, 4x4x2 mm, 4x4x3 mm, 4x4x4
mm. CAac hat nano tfr/silica/vang (FeSiAu),
silica/vang (SlAu) thanh nano vang (AuNR)
duoc tiém vao mau va duoc chiéu sang Voi
chum laser song song.

Pic trung vé hinh thai, kich thuéc va tinh
chat quang cuia cac hat nano vang dugc minh
hoa trén hinh 2. Thanh nano vang c6 chiéu dai
trung binh 45 nm va chiéu rong trung binh 10
nm, ti 1& cac canh trung binh R = 4.5. Tt phd
hép thu co thé thiy cac thanh nano vang c6 do
hép thu cuc dai OD = 4 tai budc song 830 nm
va OD = 3.8 tai budc song 808 nm. Ddi phé
hip thy ciia hat nim trong ving hong ngoai
gan tir 600 nm dén 1100 nm, v&i dinh hap thu
tai 910 nm c6 OD = 0,7; tai budc song 808
nm c6 OD = 0,62. Do ¢6 tinh chit quang nhu
vay nén cac hat nano nay cling vira c6 kha
nang hién anh té bao va vira c6 kha ning sinh
nhiét trong cac ung dung quang - nhi¢t. Cac
hat nano SiAu c6 dang clu, kich thuéc hat
185 + 10 nm, twong doi don phén tan trong
dung dich. Hat nano FeSiAu gém c6 3 16p:
16i tr (FesO,), boc silica (SiO,) va 16p vo
nano vang (Au) bén ngoai. Boc mdt 16p
silica bén ngoai cac hat nano tir (Fe3O,)
kich thuéc 8 + 10 nm c6 dang ciu, don
phan tan, dé tao thanh cac hat nano ti/silica
co dang clu, kich thuéc hat 80 + 10 nm.
Sau d6 phu 1€n hat tu/silica 16p vo vang day
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~ 20 + 30 nm dé tao thanh hat nano
tu/silica/vang (FeSiAu).

3 ey thi

16 bl B

Boodr sleg(rea

g e

Hinh 2. Anh TEM va phé hap thu plasmon ciia
cac thanh nano vang (AuNR), hat silica/vang
(SiAu) va hat nano tu/silica/vang (FeSiAu) theo
thar tie tir trén xuong

4. Két qua va thao luin

4.1. Khdo sdt sw thay déi nhi¢t dp ciia mé khi

dwoc tiém cung lwgng hat nano vang

Khao sat nhiét @o cua cac hat nano FeSiAu
va hat SiAu khi dugc tiém cung lugng hat
nhu nhau 1a 1.10° hat ( ~ 0.25 pl dung dich
hat nano vang) vao cac mau thit ga co kich
thudc 1an luot 1 4x4x1 mm, 4x4x2 mm,
4x4x3 mm, 4x4x4 mm. Mat do cong suit
chiéu cua laser trén bé mat mau duoc gitt cd
dinh 1a P = 7,3 W/cm? va mat do cong suat
laser chiéu dén hat thay ddi phu thudc chiéu
day mau. Cac mau ddi chung (khong tiém
hat) c6 d6 day twong ung véi cac mau tiém
hat ciing duoc khao sat sy thay do6i nhiét do
trong cung diéu kién laser va thoi gian chiéu
la 600s.

Két qua cho thiy duong biéu dién sy anh
huong cia nhiét do vao do day mau va loai
hat nano vang theo thoi gian chiéu cua cac
mau thit déu co dang giong nhau: tdng gan
nhu tuyén tinh ldc bat dau chiéu, sau do dat
dén nhiét do can bang va giam vé nhiét do
ban dau sau khi tit chiéu sang (hinh 3). Cu

thé v&i mau c6 d6 day 1 mm: trong 100 giay
dau chiéu sang, mau tiém hat SiAu nhiét do
tang tir 28'C (nhiét do phong) dén 56°C. O
mau c6 tiém hat nano FeSiAu nhiét do tang tir
28°C dén 49°C. O thoi gian chiéu tlep theo tir
100 dén 600 glay, nhiét 6 ctia mau gan nhu
khong ddi, c6 thé coi day 1a trang thai can
bang nhiét cia mau (nhiét lugng dwoc sinh ra
bang véi nhiét luong téa ra moi truong). Khi
ngung chiéu laser, nhiét d6 mau giam vé nhiét
d6 phong trong vong 100 giay.

1 mm SlAu 2 mm

FeSiAu

f

N8 )

Siau  FeSiAu
”

B bemy

0 w00 “o 60 2] ¢ 0 400 [ 0
Tl ghan (M 1hin gisa (V)

Hinh 3. Si thay déi nhiét d ciia cdc mau
tiém hat nano vang SiAu, FeSiAu voi cung lwong
hat nhw nhau 1.10° hat, céc mau cé dé day la
Imm, 2mm, 3mm, 4mm.

Hién tugng trén co thé giai thich nhu sau: do
chum tia laser c6 buéc séng 808 nm nam
trong ving “ctra $6 md” nén anh sang di qua
I6p Mo tGi vi tri ¢6 hat nano vang, kich thich
hap thu plasmon trén hat. Vi hat vang c6 hé
sb dap tat rat 16n, khoang 3 + 4 bac, 16n hon
clia cac tdm mau thong thuong nén khi énh
sang laser gap hat vang thi gan nhu 100%
nang lugng cda chum tia laser 808 nm dugc
truyén cho hat vang dé kich thich plasmon
cong huong. Nhiét d6 ciia mo tang 1én nho 03
nguon: i) do md hap thu truc tiép anh sang
laser hong ngoai 808 nm, ii) do anh séng tan
Xa tir hat nano vang c6 budc song trung voi
buéc séng cua laser kich thich 808 nm, iii) do
hat vang hap thu &nh sang laser 808 nm (hap
thu cong hu'orng plasmon) réi truyén ning
lugng d6 ra moi tru:orng bang hoi phuc nhiét.
Trong thi nghlem nay, nguyen nhéan tha hai
va ba dong vai tro chu yeu vi md khdng hap
thu manh anh sang budc song 808 nm. Trong
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100 gidy dau chiéu sang nhiét do tang nhanh
gan tuyén tinh 1a do d6 dan nhiét cua vang rat
16n aa, = 310 w/m.K, con cua nudc chi la
ano = 0,6 w/m.K. Khi trong md c6 su cén
bang giita van téc cap nhiét va van téc toa
nhi¢t thi nhi¢t d¢ khong tang nita va dat gia tri
can bang nhiét. Khi ngimng chiéu laser, nguon
cip nhiét khong con, nhiét &6 mau giam vé
nhiét d6 moi treong.

Khi chiéu laser vao mau ddi chung khdng
tiém hat nano vang, nhiét 6 cia mau cé ting
nhung nhé hon so véi nhiét do cia mau co
tiém hat nano. Phan ting nhiét d6 nay la do
md hap thu tryc tiép tir chum laser. Thi
nghiém trén mau c6 do day 1 mm cho thay &
mau déi chiing nhiét d6 dat dugc 39°C, trong
khi nhiét d6 cua mau co tiém hat nano SiAu
va FeSiAu tang tdi 49°C va 56°C. Tu do co
thé khing dinh su chénh léch nhiét do nay la
do hat nano vang quyét dinh.

Theo két qua trén hinh 3 nhan thay nhiét d6 dat
duoc ciia mau Ty phu thude vao do day mau.
Diéu nay cd thé giai thich nhu sau: khi laser di
gua mé thit, nang luwong cta laser bi suy hao
do bi md thit hap thu nén vay niang luong cia
laser dén vuing hat nano vang giam. Chiéu day
mau cang ting thi mat do cong suat chim laser
tai vung c6 tiém hat cang nho. Chinh vi vay ma
nhiét do ciia mau c6 do day 4 mm chi ting lén
t6i 35°C voi mau dugc tiém hat SiAu va 33°C
v6i mau tiém hat FeSiAu. Mau c6 do day 1a 3
mm, 2 mm va 1 mm thi nhiét d6 dat dugc ting
1én va dat can bang lan luot tai 42°C, 50°C,
56°C v&i mau tiém hat SiAu va dat nhiét do
36°C, 42°C, 49°C véi mau tiém hat FeSiAu.
Su chénh léch nhiét do dat dugc gilra cac mau
c6 tiém hat voi mau khong tiém hat ¢ cac do
day khac nhau 4 mm, 3 mm, 2 mmva 1 mm la
5°C, 10°C, 16°C, 17°C véi mau tiém hat SiAu
va 3°C, 4°C, 8°C, 10°C voi mau tiém hat
FeSiAu.

Cac mau duoc tiém voi cung lugng hat nhu
nhau 1a 1.10° hat nhung nhiét d6 dat duoc cua
mau tiém hat SiAu luén cao hon mau tiém hat
FeSiAu tir 2°C dén 7°C. Nguyén nhan din
dén su chénh léch nhiét do cua hai loai hat
nay la do dinh hap thu cua ching khéc nhau.
Dinh hip thy cua hat FeSiAu & khoang budc
song 750 nm con hat SiAu ¢ khoang budc
s6ng 810 nm gan véi budc song laser kich

(808 nm), nén hat SiAu s& c6 hiéu suat hap
thu & budc séng laser kich 16n hon do do
nhiét sinh ra trén mau tiém hat SiAu luén cao
hon nhiét sinh ra trén mau tiém hat FeSiAu.
4.2. Khdo sat sw thay déi nhigt dé ciia cac
hgt nano vang SiAu va thanh nano vang cé
ciing d hap thu trén mo

Piéu chinh ndng d6 hat nano SiAu va thanh
nano vang (AuNR) sao cho chdng co6 cung do
hap thu (OD=12) tai budc séng 808 nm. Sau
d6 tiém cac hat nano vang nay vao mau thit
ga va khao sat hiéu trng quang nhiét tuong tu
nhu dbi voi khao sat hiéu ¢ng nhiét cua cac
hat nano vang véi cung lugng hat. Cac mau
d6i chung ciing duoc chiéu laser véi clng
diéu kién. Két qua do duogc biéu dién nhu trén
hinh 4.

Nhiét 46 (°C)

Thai gian (s)

Hinh 4. Su thay déi nhiét do ciia cac mau tiém cac
hat nano vang SiAu, NR cé ciing do hap thu va
mau doi ching, cac mau c¢é dé day 4mm. Thi
nghiém dwoc thyc hién ¢ nhiér @ phong 28°C
Puong biéu dién sy thay doi nhiét do vao do
day mau va loai hat nano vang theo thoi gian
cling twong tu Vi két qua nghién cau khi md
dugc tiém véi cung mot lugng hat, nhiét do
ting nhanh sau 100 gidy chiéu laser va dat
trang thai can bang nhiét ¢ céc thoi gian chiéu
tiép theo. Sau 100 giay ngung chleu séng
laser, nhiét do cua mau ciing giam vé nhiét do
phong. Két qua cho thay véi cung diéu kién
chiéu sang thi nhiét do cua cac mau tiém hat
AuNR, SiAu déu dat dugc trong khoang la
33+35 °C d6i voi mau diay 4 mm. Nhu vay
cac mau tiém hat nano AuNR, SiAu & cuing
mat d¢ quang tai budc séng kich thich thi
nhiét d6 mau c6 cing d6 day la gan nhu nhau.

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn

151


http://jst.tnu.edu.vn/

P& Thi Hué

Tap chi KHOA HOC & CONG NGHE DHTN

208(15): 147 - 152

Vi cac mau c6 do day khac (1 mm, 2 mm, 3
mm) ciing cho két qua tuong tu.

5. Két luan

Trong cong viéc nay chung t61 da khao sat
dugc hiéu ung chuyén doi quang — nhiét cua
thanh nano vang va cac cdu trac 156i/vo nhu
hat nano FeSiAu va SiAu trén cac mo thit vdi
d6 day khac nhau. Cac két qua thu duoc
ching té cac hat nano vang nay c6 hi€u ung
chuyén d6i quang nhiét tét, nhiét do gia ting
tai chd ciia mau duoc tiém hat so v6i mau ddi
chimg cao hon tir 4°C dén 12°C. Sau 10 phat
chiéu sang véi mat o cong suét chiéu 1a 7,3
W/cm? cac mau duoc tiém véi cung luong hat
la 1.10° hat thi nhiét do dat duoc caa mau
tiém hat SiAu hoac thanh nano vang luén cao
hon mau tiém hat FeSiAu tir 2°C dén 7°C.
Loi cdm on

Nghién ciu khoa hoc nay dugc thuc hién nho
su hd trg cua dé tai cap B6 B2018- TNA-03-
CtrVL.

Céc tac gia xin chan thanh cam on Phong thi
nghiém trong diém Quang tir thuoc Vién Vat
ly, Vién Han lam Khoa hoc va Céng nghé
Viét Nam d3 cung cap cac trang thiét bi cho
cac phép do cuia nghién ctu.
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