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TOM TAT

Ché phim vang nano (AuNP) c6 kich thudc khoang 7 nm dugc ché tao bing phuong phap chiéu xa tia

gamma dung dich hydrogen tetrachloroaurate (1 mM) st dung carboxymethyl chitosan (CMC) 0,5% lam chét
6n dinh. Céc dic trung quang hoc va kich thudc hat ctia ché phadm dugc xéc dinh bing phwong phap do phd
UV-Vis va anh chup bang kinh hién vi dién tir truyén qua (Transmission Electron Microscopy - TEM). Dong
hoc phan bb ctia AuNP trong co thé chudt theo thoi gian dugc xac dinh bang phuong phép tiém tinh mach dudi
v6i liéu 1 mg AuNP. Két qua phan tich huyét hoc va cac chi s6 sinh héa méau & cac 16 chudt dugc tiém AuNP
cho thdy hoan toan khong c6 su khac biét so voi 16 ddi chimg. Ham lugng vang trong cic mau dwoc xac dinh
bing phwong phap phan tich kich hoat neutron ko (ko-NAA) cho thiy sau 1 gio tiém, AuNP tap trung chu yéu
& gan (64,92%), trong mau (31,33%) va mot ham luong nho & phdi (2,16%) va than (1,60%). Tuy nhién sau 6
gio tiém thi lwong AuNP khéng con trong mau ma tip trung nhiéu trong gan véi 88,85%, ¢ phdi 14 8,55% va &
than 1a 2,10%. Sau 12 gid, him luong AuNP trong gan di giam nhe xudng con 83,86% nhung khong thay dbi
dang ké trong phdi va than. Két qua nhan dwoc trong nghién ctru dd cho thiy sy phin bé ham lugng AuNP
cling nhur kha ning luu cia AuNP trong cic mo trong co thé chudt. Didu d6 cho thiy kha ning phat trién ing
dung ciia AuNP ché tao bing birc xa tia gamma trong ky thudt chup X-quang dé chén doan hodc lam chat

chéng oxy hoa bao vé gan.

Tir khéa: AuNP, carboxymethyl chitosan, phdn bé in vivo, tia gamma, UV-Vis vang nano

MO DAU

Cong nghé nano, dac biét 1a cac hat nano hién
dang nhan dugc sy quan tim rat 16n boi nhiing tng
dung v6 cung hitu ich cua ching trong sit dung dé
van chuyén thubc chinh xac va dic hiéu (Caruthers
et al., 2007; De Jong, Borm, 2008), ing dung trong
chuén doan in vitro, lam nguyén liéu ché tao vét liéu
sinh hoc méi va ung dung trong diéu tri, phuc hoi
mb cay ghép (Jain er al., 2012). Hon thé nira, cong
nghé nano con cho thay tiém ning dé phat trién cac
phuong phap chin doan c6 do nhay cao va diéu tri
khéi u mot cach chinh xac (De Jong, Borm, 2008).

Trong s cac vat lidu nano thi ‘vang nano dugc
xem la (mg vién hang dau boi c6 thé d& dang ché tao
va diéu chinh kich thudc cta ching nhu mong mudn
tr 0,8 - 200 nm. Ngoai ra, kich thudc cua hat vang
nano c6 thé dé dang diéu chinh dé chung c6 chirc

nang khac nhau va c6 hoat tinh sinh hoc tbt (Asal,
1994). Trong linh vyc cong nghé sinh hoc, vang
nano dugc st dung chu yéu nhu 1a mot marker sinh
hoc, 1a tdc nhan quang nhiét trong nhiét Kké, hay nhan
t6 biéu hién gen va phat hién DNA (Huber et al.,
2004; Xia et al., 2007; Abdelhalim, 2011). Vang
nano ciing dugc sir dung chuyén gen vao té bao dudi
tac dung cua dong dién (Niidome et al, 2004;
Kawano et al., 2006). Hainfeld va cong su (2004) da
chyp dugc anh hién hinh ctia mach mau bé'mg X-
quang do su hién dién clia vang nano trong mau.
Vang nano dwgc xem la mot ing vién tiém ning
trong viéc tim soat va diéu tri ung thu véi tac dung
nhu 13 hé thdng van chuyén huéng dich, do ai luc
cua nano vang voi té bao ung thu 1a cao hon 600 lén
so voi té bao thu’ong (Wo_lmckl et al., 2013). Mot sb
nghién ctru gan déy con cho thdy nano vang cling c6
kha ning wc ché ciing nhu tiéu diét truc tiép cac té
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bao ung thu (Geetha, et al., 2013, Priya, Lyer, 2015).
Mit khac, chiéu xa la phuong phap kha hiru hi¢u dé
ché tao céac hat nano kim loai, dic biét la vang nano
(Misra et al., 2012; Duy et al., 2014; Luan et al.,
2014), boi 1& phuong phap nay c6 nhimg uu diém
nodi bac so voi nhung phuong phép khac do phan tng
duogc tién hanh & diéu kién thuong; hidu sudt tao
vang nano cao; san pham tao ra co6 do tinh khiét cao
do khong st dung chat khir; kich thudc hat c6 thé
didu chinh théng qua didu chinh ndng d6 Au’" va
lidu chiéu xa (Anh et al., 2010; Duy et al., 2013); va
d& dang phat trién san xuit & quy mo 16n va dap tng
dugc tiéu chi san xuat sach (Hien et al, 2012).
Nghién ctru dugc tién hanh nay danh gia anh huong
clia ché pham nano vang/carboxymethyl chitosan
ché tao bang phuong phap chiéu xa dén cac chi s6
huyét hoc va sinh héa mau & chudt sau khi tiém vao
tinh mach dong thoi nhim khao sat dong hoc phan
bb in vivo ctia hat vang nano trong cic co quan &
chudt theo thoi gian sau khi tiém.

VAT LIEU VA PHUONG PHAP
Vit liéu

Mubi vang hydrogen tetrachloroaurate (III)
trihydrate (HAuCly-3H,0) str dung trong nghién ctru
la cia hang Merck (Ptc). Chat o6n dinh
carboxylmethyl chitosan (CMC, Mw ~ 30.000 kDa)
do Koyou Chemical Industral Co. Ltd, Nhat Ban
cung cap. Giong chudt nhat trang Swiss dugc cung
cap bdi Vién Pasteur Tp. HO6 Chi Minh.

Ché tao c,hé phim vang nano/CMC bing phuong
phap chiéu xa

Dung dich chiéu xa c6 ndng do Au’" 1a 1 mM én
dinh trong CMC 0,5% duogc tao ra tir cac dung dich
gbc (stock) chira 10 mM Au® va 2% CMC, sau d6
diédu chinh dén pH 8 bang NH,OH 2,5%. Tién hanh
chiéu xa hdn hop trén & lidu 8 kGy bing ngudn xa
gamma STSVCo-60/B véi suit lidu 1,3 kGy/gio tai
Trung tdm Nghién ctru va trién khai cong nghé birc
xa, Tp. HCM.

X4c dinh dic trung ciia vang nano

Dung dich vang nano dugc pha lodng trong
nude khir ion sao cho ndng d6 Au’* dat 0,1 mM va
tién hanh phén tich bing may do quang phd UV-Vis
(U-2401PC, Shimadzu, Nhat Ban) d xac dinh phd
tir ngoai ctia ché pham. Kich thugc va phan bd kich
thude hat vang nano sau khi chiéu xa dugc xac dinh
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bing phuong phép chup anh hién vi dién tir truyén
qua (TEM: Transmission Electron Microscope)
model JEM1010 (JEOL, Nhat Ban) theo phuong
phap cua Aryal et al. (2007). Kinh hién vi dién tir
truyén qua (TEM) 1a mét trong nhitng cong cu hiéu
qua va c¢6 dg tin cdy cao trong viéc xac dinh kich
thudc ciia hat vang. Thiét bi hoat dong trén nguyén
tac gidng théu kinh quang hoc, chi khac 1a sir dung
chum dién tr ndng lugng cao thay cho budc song
anh sang nén c6 budc song rat ngin va sir dung cac
thu kinh dién tir thay cho thu kinh quang hoc. Anh
clia kinh hién vi dién tir truyén qua cho phép quan
sat dugc hinh dang va xac dinh duoc kich thude cla
cac hat nano.

Tiém tinh mach chugt

Chu6t nhit tring duc dong Swiss dugc nudi dén
8 tudn tudi, khoe manh va c6 trong lugng trung binh
khoang 30 g/con dugc chia thanh 5 16 thi nghiém,
mdi 16 20 con tuong Ung tai cac thoi diém tiém: 0,1,
3, 6 va 12 giod tiém. Trong mdi 16 chudt duoc duge
chia thanh 2 nhém gdm 15 con dugc tiém mdi con
0,5 ml dung dich 5 mM AuNP (~1 mg/con) va 5 con
d6i chimg khong tiém AuNP.

Phén tich cac chi s6 huyét hoc

Thu nhan va phan tich mau chudt ¢ cac thoi
diém 0, 1, 3, 6 va 12 gio sau khi tiém AuNP (bao
quan trong cc dng c¢é chira heparin dé hé tro chng
dong). Cac phan tich dugc thyc hién bé’mg may phan
tich huyét hoc ty dong 18 thong s6 Celltac o (Nihon
Kohden, Nhat Ban). Cac chi sé huyét hoc dugc phan
tich bao gdbm bach cau tong s6 (WBC), hong ciu
tong s6 (RBC), dung tich hong cau (HCT), thé tich
trung binh mot hdéng cau (MCV), ndng do
hemoglobin (HGB), tiéu cau (PLT), bach céau
lympho (Lympho), Mono bao (Mono), s6 lugng
bach cau hat (GR), s6 lugng hemoglobin trung binh
trong mot hdng cau (MCH) va ndng do hemoglobin
trung binh trong mot hong cau (MCHC).

Phan tich cac chi so sinh héa mau

Mau méau duoc thu va bao quan tuong ty nhu
phan tich huyét hoc. Sau dé, ly tim miu mau 5000
vong trong 10 phut dé thu huyét thanh. Céc phan tich
dugc thyc hién bing may sinh hoa tu dong
Biosystem A15 (Bi). Cac chi s sinh hoa mau dwoc
phan tich bao gdm: dwdong huyét (Glu), creatine
(CR), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), protein téng s6 (TP), uré
méau (URE) va chi s6 albumin (ALB).
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Xir ly va phan tich ham luwgng vang trong cac mo
€O quan

Tai thoi diém 0, 1, 3, 6 va 12 gio sau khi tiém
AuNP, tién hanh thu nhin gan, than, phdi va mau
ctia chudt thi nghiém. Cac miu mé dugc sdy kho &
150°C _trong 5 gio. Sau do, ham luong vang trong
cac miu md duge xac dinh bang phuong phap phan
tich kich hoat neutron kg (ko-NAA) trén 10 phan Gng
hat nhan tai Vién nghién ciru Hat nhan Pa Lat. Sé
liéu dugc phan tich thong ké T-test sir dung phan
mém SAS 9.3 v6i mirc ¥ nghia o= 0,05.

KET QUA VA THAO LUAN

Xic dinh dic trung cia ché phim vang
nano/CMC

Két qua tir phd UV-Vis (Hinh 1A) cho thdy,
dinh hép thu (Amax) cta ché phim vang nano (dugc
ché tao tir dung dich 1 mM Au’") ¢ khoang budc
song 524 nm. Ngoai ra, viéc khong c¢6 su hap thu ¢
budc song trén 600 nm ciing cho thdy ring ving
nano di c6 sy phén tan tét trong dung dich.

Trong nghién ciru nay, hinh anh TEM cho thiy
kich thuéc hat vang nano twong ddi déng déu, cac
hat c6 dang hinh cau va su phan bd kich thude hat 1a
tuong ddi hep (Hinh 1b, ¢). Thém vao d6, kich thudc
hat vang nano trong ché phim dugc xac dinh la
khoang 7 nm, bang cach tinh trung binh dwdng kinh
ctia 300 hat tir nhiéu anh TEM khac nhau (Hinh Ic).

Anh huéng cia vang nano deén cac chi so sinh héa
mau va huyét hoc ¢ chujt

Dé danh gia anh huong cua vang nano déi véi
céc chi s6 huyét hoc & chudt, nghién ctru da tién
hanh phan tich cac théng s nhu bach ciu tong s6
(WBO), hf)ng cdu téng s6 (RBC), dung thh hdng cau
(HCT), thé tich trung binh mot hong cau (MCV),
nong d9 hemoglobin (HGB), tiéu cau (PLT) bach
cau lympho (Lympho), Mono bao (Mono), so lugng
bach cau hat (GR), s6 lugng hemoglobin trung binh
trong mot hdng cau (MCH) va ndng do hemoglobin
trung binh trong mot hdng cau (MCHC) (Chen et al.,
2009; Simpson et al., 2013) sau khi tiém vao tinh
mach chuot.
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Hinh 1. Dac trung cAu trac cia ché phdm vang nano (6n dinh bang CMC 0,5%) dugc ché tao bang phuong phap chiéu xa.
(a): phd UV-Vis ctia dug dich chira 1 mM Au3+, (b): &nh TEM va (c): dd thi phan bd kich thwdc hat nano vang.

Sau khi tiém tinh mach vang nano 1, 3, 6 va 12
gid, cac chi sé huyét hoc cua 16 chudt duge tiém
khong cho thy ¢ su khac biét théng ké so voi dbi
chimg (bang 1). Didu nay cho thiy, vang nano khong
¢6 anh huong dén huyét hoc cua chudt khi tiém truc
tiép vao tinh mach.

Phan tich cac chi sé nhu duong huyét (Glu),
creatine (CR), men aspartate aminotransferase
(AST), men alanine aminotransferase (ALT),
protein tong s& (TP), uré mau (URE) va chi sd
albumin (ALB) dugc tién hanh nhim danh gia
mirc d6 anh huéng cua vang nano d6i véi sinh
héa mau & chudt. Két qua tir bang 2 ciing cho

thay, ham lugng GLU, CR, AST, ALT, TP, URE
va ALB & chudt dugc tiém vang nano khong cé
su khac biét théng ké so voi 16 ddi ching khong
tiém.

Tu cac két qua thu dugc tir cac bang 1 va 2, ¢o
thé thay ring cac chi sb sinh héa mau ciing nhu
huyét hoc & chudt dugce tiém vang nano khong cé sy
khac biét so v6i 16 d6i chimg. Két qua nay ciing cho
thdy viéc tiém vang nano véi liéu ~1 mg/con (trong
luong khoang 30 g/con) khong gdy anh hudng dén
cac chi s6 hong ciu, bach cau va khong gdy anh
huong dén chirc niang gan, than thong qua mot s chi
s0 sinh hda mau.
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Nghién ctru danh gia doc hoc ctia vang nano sau
khi tiém tinh mach & chudt nay dugc xem la mot
nghién ciru rét quan trong, 1am co s& tin tuéng cho
cac tng dung cia vang nano trong linh vuc y hoc
nhu diét truc tiép t& bao ung thu (Geetha, er al.,
2013, Priya, Iyer, 2015), tim soat va diéu trj khdi u

D4 Thi Phuong Linh et al.

(Paciotti e al., 2004; Caruthers et al., 2007), biéu
hién gen va phat hién DNA (Huber er al., 2004;
Abdelhalim, 2011) hay lam chat can quang dung
trong k¥ thuat X-quang (Hainfeld et al., 2006). Két
qua thi nghiém cua ching t6i cling xac dinh tinh an
toan ¢ chudt ciia vang nano sau khi tiém tinh mach.

Bang 1. Chi s huyét hoc ctia chudt sau khi tiém tinh mach 0,5 ml AUNP ¢6 ndng dé 5 mM.

oo oW o MOTH ACT QA oM pe.  aan T Mono%  GR.%
ohewns 357 T LT GPT RpRr imEe [ BEe [ ke
swige ST EF Ber D jde @i 2w no e gz
NS NS NS NS NS NS NS NS NS NS NS
ohowng §BF IS T4 S0 R paq [T s Jee e
sasgo 15 R 38T 57 s arde . oss . arr . 7de . aet . as
NS NS NS NS NS NS NS NS NS NS NS
ohewng 13 LT At g7 Mo smEme wee s@e pore e g
ST S I S L A
NS NS NS NS NS NS NS NS NS NS NS
Péi ching 8,18 + 7,13 338+ 4768+ 11,65% 538,17 + 16,57+ 34,47+ 724268 16,83 + 11,17 =
1,85 0,69 1,56 3,19 0,53 51,08 1,02 0,12 3,84 1,6
swizge [ e s siie gume ser wmes gor fowe gaee s
NS NS NS NS NS NS NS NS NS NS NS
NS: Khéng cé sw khac biét théng ké (T-test) véi P> 0,05.
Bang 2. Cac chi sb sinh héa mau ctia chudt sau khi tiém tinh mach 0,5 ml AuNP ¢é ndng d6 5 mM.
Nghiém thirec  GLU, mg/dl AST, U/l ALT, U/l Ure, mg/dl CR, mg/dl ALB, g/dl TP, g/di
Déi chirng 337,43 +7,4 233,46 + 17,87 45,69 + 12,37 29 + 3,25 0,56 + 0,06 17,88 + 0,71 45,99 + 4,38
Sau 1 gi¢ 635,51 + 42,81 245,07 + 30,03 47,57 + 8,94 26,54 + 2,85 0,53 + 0,09 19,44 + 0,92 45,72 + 8,94
NS NS NS NS NS NS NS
Déi chirng 334,2 £ 4,27 260,25 + 13,01 44,79 + 10,84 28,46 £ 5,53 0,52 + 0,01 17,88 + 0,71 423+0,5
Sau 3 gi¢ 595 + 26,23 267,39 + 18,65 47,33 + 16,47 26,23 +7,23 0,41 + 0,09 16,35 + 1,09 39,65 * 5,06
NS NS NS NS NS NS NS
Déi chirng 336,08 + 14,31 233,46 + 17,87 45,69 + 12,37 29 + 3,25 0,56 + 0,06 17,88 + 0,71 45,99 + 4,38
Sau 6 gi¢ 532,55 + 33,28 348,85 + 88,76 61,63 £ 22,11 24,48 £ 3,72 0,46 + 0,15 19,06 + 0,49 37,55 + 2,67
NS NS NS NS NS NS NS
Déi chirng 328,45 + 13,15 241,44 + 17,07 32,05+2,8 24,92 + 3,66 0,48 + 0,01 18,16 + 1,81 46,03 + 3,39
Sau 12 gio 449,39 + 43,61 252,45 + 2,49 35,58 + 2,36 21,16+ 4 0,44 + 0,03 18,42+ 0,18 46,92 + 1,48
NS NS NS NS NS NS NS

NS: Khéng cé sw khac biét théng ké (T-test) véi P> 0,05.
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Pong hoc phan bo ciia vang nano

Dé nghién ctru sy phan bd cua vang nano trong
cac mo co quan sau khi tiém, phuong phap phén tich
kich hoat neutron k (ko-NAA) da dugc tién hanh dé
xac dinh ham lugng trén nhidu mé co quan khac
nhau nhu gan, phdi, than va mau.

Céc két qua phan tich cho thiy vang nano da di
vao hé tudn hoan va phan bd chu yéu & gan sau 6 gio
tiém (Hinh 2). Trong d6, ham lugng vang trong mau
giam dan theo thoi gian ké tir lac tiém. Sau 6 gio,
lwong vang nano trong mau chudt gan nhu bién mat.
Tai thoi diém 12 gio sau tiém, mau mau da khong
con phat hién vang. Két qua tir hinh 2 con cho thy
trong cac co quan nhu gan, than va phdi da c6 nhiing
su thay d6i dang ké ham luong vang tich liiy. Sau 6
gio tiém, ham luong vang xac dinh dugc trong than
va phdi 1an lwoc 1 0,015 va 0,02 mg/g (chiém ty 18
teong tng 1a 1,60% va 2,16% lugng vang tiém vao).
Ngoai ra, két qua con cho thdy vang tép trung tich
liiy trong gan v6i ham lugng 14 0,775 mg/g va chiém
dén 88,85% luvong vang dugce tiém vao, cao hon rat
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nhiéu ham luong trong m6 thén va phdi. Tuy nhién
vao thoi diém 12 gio sau tiém, ham luong vang trong
mb gan va phdi c6 xu hudng giam xudng.

Nhu vay, vang nano véi kich thudc khoang 7
nm, dugc ché tao bang phuong phap chiéu xa y-Co-
60, khong gay doc & lidu 33,3 mg/kg trong lugng dbi
v6i chudt nhat. Dya vao phwong phép theo ddi hanh
vi ctia dong vat thi nghiém, cac két qua phén tich
hinh thai mé, cac chi sé sinh héa mau, huyét hoc va
cac phan tich moé bénh hoc, Lasagna-Reeves va cong
su (2010) ciing da chimg minh ring viéc vang nano
tich Ity & cac mo6 co quan khac nhau sau khi tiém lap
lai nhiéu 1n (véi lidu tir 0,32-3,2 mg/kg trong lugng)
khong gy tir vong hay c6 bét cir dau hiéu trang doc
nao dbi voi dong vat thi nghiém. Cac hat vang nano
véi kich thude khac nhau (5-70 nm) ciing d& duogc
chimg minh 1a khong gay hai d6i vai té bao da ngudi
(Wang et al, 2008). Do d6, ché phim vang
nano/carboxymethyl chitosancé tiém niang dé sir
dung nhu 12 mot chat can quang trong ky thuat X-
quang, dic biét la cho mau va gan.
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Hinh 2. Ham lwong vang (a) va dd tich Ity (b) cia AuNP (d ~ 7 nm) trong cac md co' quan khac nhau cla chudt nhit Swiss

sau khi tiém tinh mach.

KET LUAN

Nghién ctru dd ché tao thanh céng vang nano
voi kich thude khoang 7 nm bang phuong phap
chidu xa tia y-Co-60 sir dung carboxymethyl
chitosan 1am chit én dinh. Sau khi tiém tinh mach,
vang nano tap trung chi yéu ¢ gan véi ham luong tbi
da 1én toi 0,775 mg/g (chiém 88,85% luong vang
tiém vao) va hoan toan khong gay doc cho chudt &
liéu tiém 1a 33,3 mg vang/kg thé trong. Diéu d6 cho
thidy ché pham vang nano/carboxymethyl chitosan

ché tao bang phuong phap chiéu xa c6 tiém nang dé
sir dung nhu 13 mot chét can quang trong ky thuat X-
quang, dac biét la cho mdu va gan. Ché pham nay
hira hen véi tiém ning tmg dung trong nhiéu linh
vuc nhu y dwoc, my pham.

Loi cdm on: Nhom tdc gia xin cam on Trung tam
Céng nghé Sinh hoc Thanh phé Ho Chi Minh da tai
tro kinh phi va tao diéu kién dé nghién cuu dwoc
hoan thanh.
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STUDY ON THE ORGAN DISTRIBUTION OF GOLD NANOPARTICLES
SYNTHESIZED BY y-IRRADIATION USING CARBOXYMETHYL CHITOSAN
STABILIZER AFTER INTRAVENOUS ADMINISTRATION IN MICE
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SUMMARY

Gold nanoparticles (AuNPs) with an average particle size of about 7 nm and concentration of 1 mM were
synthesized by gamma rays irradiation method using 0.5% carboxymethyl chitosan (CMC) as a stabilizer. The
characteristics of AuNPs were verified using UV-vis spectrum and TEM (Transmission Electron Microscope)
images. The synthesized AuNPs were intravenously injected into tail of mice with a dose of 1 mg AuNPs per
mouse for investigation of the in vivo distribution of AuNPs at different times. The analytical results showed
that there was no significant difference in the blood haematological and serum biochemical indexes between
the mice administrated with AuNPs and the control group. The gold content in the samples determined by k¢-
neutron activation analysis (ko-NAA) method indicated that after injection 1 h, AuNPs were mainly
accumulated in liver (64.92%), blood (31.33%) and a small amount in lungs (2.16%) and kidneys (1.60%).
After 6 hrs post-injection, the content of AuNPs was almost not determined in the blood, but its accumulation
was increased in livers with 88.85%, lungs with 8.55% and kidneys with 2.10%. After 12 hrs of intravenous
administration, the content of AuNPs was found to be slightly reduced by 83.86% in liver, but it was almost
unchanged in lungs and kidneys. The results obtained in this study clearly indicated the distribution and the
retention time of AuNPs in the mice. The AuNPs synthetized by gamma rays irradiation may potentially be
developed for application as an X-ray contrast agent in diagnosis and as antioxidant agent for liver protection.

Keywords: AuNPs, carboxymethyl chitosan, in vivo distribution, Gamma irradiation, UV-Vis, gold
nanoparticles
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