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SUMMARY

SYNTHESIS OF POLY(VINYLPYRROLIDONE) CAPPED MnO
NANOPARTICLES AND EVALUATION OF SIGNAL INTENSITY ON
MAGNETIC RESONANCE IMAGING FOR DIAGNOSTIC

In this work, poly(vinylpyrrolidone) coated MnO nanoparticles (MNO@PVP NPs) were prepared by the
polyol method using triethylene glycol (TEG) and poly(vinylpyrrolidone) (PVP) as solvents and surfactants.
The materials' structure, morphology and characteristic properties were analyzed using XRD, TEM, FTIR
and DLS measurements. MnO nanoparticles synthesized under optimized conditions have a spherical shape
with an average size of 10.87 £ 1.19 nm, demonstrating good image contrast signal enhancement in
magnetic resonance imaging (MRI) diagnostic techniques. Research results show that nano MnO@PVP NPs
have a high value of longitudinal relaxivities ri1 (5.28 mM™s™), reducing longitudinal relaxation times T1
and thus increasing MRI signal intensity. The research results show that PVP-coated MnO nanoparticles
can be used as T1 positive contrast agents for diagnostic imaging applications shortly.

Keywords: magnetic resonance imaging, manganese oxide nanoparticles, polyol, poly (vinylpyrrolidone),
longitudinal relaxivities r1.

1. PAT VAN PE cia k¥ thuat MRI 1a do nhay tuong dbi
thip, do d6 trong thuc t& cic bac si
thuong str dung cac chit tuong phan dé
tang chit luong hinh anh. Phan 16n cac
chéat trong phan MRI chira ion thuan tir
ciia phirc chit hodc cac hat nano siéu
thuén tir [2, 3]. Spin cua cac electron chua
ghép d6i trong cac phirc chat thuén tir lam
nhiéu loan su hdi phuc tir ctia cac proton
cta phan tir nuéc va dan dén sy rat ngin
hiéu qua thoi gian hoi phuc theo chiéu
doc (T1). Nhimng hop chét nay co thé lam

Chyp cong huong tir hat nhan (magnetic
resonance imaging - MRI) la k¥ thuat
chan doan hinh anh dwoc st dung phd
bién hién nay trong y hoc [1]. So véi cac
ky thuat chyup anh khéc, MRI c¢6 d6 phan
giai cao v6i hinh anh khong gian 3 chiéu
rd nét, buc xa khong ion héa nhu tia X, an
toan cho co thé nén c6 y nghia to 16n
trong viéc chan doan sém va diéu tri mot
s6 bénh. Tuy nhién, nhuogc diém chinh
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tang cuong do tin hi¢u cua cdc mo va
duoc goi 1a chat twong phan MRI duong.
Su tich lity ciia cac hop chit ndy trong mo
s¢ lam cho n6 sang hon trong hinh anh
MRI ¢6 trong s6 T1 (T1W). Trong khi do,
chat twong phan 4m dau tién duoc gidi
thiéu trong hinh anh MRI-T2W, da duogc
stt dung cho dén nay 1a cac hat nano iron
oxide siéu thuadn tur (Superparamagnetic
iron oxide nanoparticles - SPION) [4, 5].
Viéc ap dung SPION lam giam thoi gian
hdi phuc ngang (T2) dan dén hinh anh
tuong phan t6i hon. So véi cac phtic chat
ctia Gd** , cAc hat nano tir néu trén thé
hién kha ning twong thich sinh hoc t6t va
6 thé duge su dung & néng do nho hon
trong l1am sang [6, 7]. Cac chat twong
phan T3 trén co s& cac hat nano magnetic
iron oxide (FesOsNPs) da dugc thu
nghiém lam sang va dugc Cuyc Quan ly
Thuc pham va Dugc phiam Hoa Ky
(FDA) chép thuan [8], [9], tuy nhién tin
hiéu t6i (46 _tuong phan dm) dugc tao ra
¢6 thé bi nham lan v6i mot sb hién tugng
nhu voi hoa, xudt huyét va dong mau.
Ngoai ra, tr d§ cao cua cac chét tuong
phan T, c¢6 thé phong dai kich thudc cua
vung duoc danh ddu, 1am mo anh va rat
kho dé phan biét tin hidu giita khéi u giai
doan dau va ving giam tin hiéu khac [7,
8, 10]. Boi vi nhiing han ché von c6 cia
SPION, nén chat twong phan duong gdc
gadolinium phd bién hon trong MRI 1am
sang [2, 3, 11 12]. Tuy nhién, doc tinh
cta ion Gd*" ¢6 thé lam tang nguy co mac
bénh than va lam han ché viéc s dung
céc chat trong phan T1 nay [3, 11]. Vi
vay, viéc thay thé chat twong phan T1 trén
co s6 Gd** 1a can thiét, v6i yéu ciu chét
tuong phan MRI T1 can c6 doc tinh thip,
d6 6n dinh keo cao va rat ngan thoi gian
hdi phuc doc. Manganese c6 nhiéu dic
tinh phi hop nhu tong spin cao, thoi gian
hdi phuc electron dai, doc tinh thip hon
gadolinium nén manganese c6 thé tro
thanh mot chit thay thé tiém ning cho cac
chét twong phan dua trén gadolinium [13,
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14]. Véi muc dich sir dung 1am chét tuong
phan TI, viéc téng hop cac hat nano
manganese oxide dong nhat va chat lugng
cao (MnO NPs) phu hop cho cac Ung
dung y sinh 1a rt quan trong.

C6 rat nhiéu phuong phap tong hop hat
nano oxide kim loai, nhu phuong phap
dong két tua, vi nhil twong, polyol va nhiét
dung méi hitu co, mdi phwong phap déu c6
vu diém va nhuge diém riéng [15, 16].
Trong s6 do, phuong phap polyol 1a tuong
d6i hiéu qua dé ché tao cac hat nano c6 kich
thudce tir 2 dén 15 nm véi sy hinh thanh va
phat trién kich thudc ctia hat nano duoc
diéu khién bang cach kiém soat cac yéu to
nhu nhiét d6 va thoi gian phan Gmg [17, 18].
Ngoai ra, dung moi thuong duoc st dung
trong phuong phép polyol 1a cac loai rugu
da chiic nhu ethylene glycol, triethylene
glycol hodc polyethylene glycol, trong mdt
sO truong hop chung dong thoi dong vai tro
14 chét khir ion kim loai. Céc polyol con co
thé tao 16p phu bé mit dé bao vé cac hat
nano khoi su két tu va ngan chan sy hinh
thanh két tia hydroxide. Trong cic Ung
dung MRI, cac hat nano phai c6 kich thudc
hat phu hop, d bén héa hoc trong diéu kién
sinh 1y. Pé dat duogc diéu nay, cac hat nano
can dugc 6n dinh bﬁng cac vat li¢u tuong
thich sinh hoc trén bé mit cua chung, chfmg
han nhu poly(acrylic acid), poly(maleic
anhydride-alt-1-octadecene) [16], chitosan

[15], citric acid, tinh bot,
poly(vinylpyrrolidone) (PVP) [19, 20].
Poly(vinylpyrrolidone) (PVP) 1a mét

polymer ludng tinh, khong doc hai va tuong
thich sinh hoc cao, ¢6 cac nhoém chirc C=0,
CN va CH,, nén PVP c6 thé dung dé 6n
dinh va chirc ning hda bé mat MnO NPs va
cai thién kha ndng phan tan cta ching trong
chat l6ng sinh hoc.

Trong bai bdo nay, cac hat nano MnO boc
PVP duoc ché tao biang phuong phéap
polyol. Tin hiu tang d tuong phan anh
MRI cua dung dich cac hat nano duogc
nghién ciru bang thir nghiém in vitro.



2. THU'C NGHIEM
2.1. Hoa chat

Cac hat’nano MnO duogc ché tao tir céc
héa chat cua hang Sigma-Aldrich va
Fisher Scientific bao gdm: Manganese(II)

acetylacetonate  (Mn(acac);),  sodium
hydroxide (NaOH), triethyleneglycol
(TEG), poly(vinylpyrrolidone)  (PVP),

nudce cat. Moi truong tro st dung khi No.
2.2. Ché tao vat liéu nano MnO@PVP

Lay 1,52 g (6 mmol) manganese (II)
acetylacetonate (Mn(acac),) vao binh cau
ba ¢c6 c6 chia 50 mL dung moi
triethyleneglycol (TEG). Khudy tir hdn
hop ¢ nhi¢t do phong dudi dong khi Nj
trong thoi gian 30 phat. Sau do, 10 mL
dung dich nuéc chtrta 0,6 gNaOHva 1,5 g
PVP duoc thém vao. Hon hop duoc gia
nhiét & 140 °C trong 30 phut. Sau do, tiép
tuc dun nong dén 260 °C va hoi luu trong
60 phat. Hon hop dugc lam ngudi dén
nhi¢t do phong. Tach hat nano
MnO@PVP bang cach ly tam 10.000
vong/phut trong 8 phut va rua sach 3 - 4
lan bang ethanol va nudc cat.

2.3. Xac dinh diic trung céu tric

Cau trGc pha tinh thé coa vat liéu dugc
phéan tich trén thiét bi nhidu xa ké tia X
D8 Advance Bruker (Ptic) st dung buc
xa Cu-Ka (A = 1,5406 A). Hinh dang va
kich thudc hat nano dugc phan tich trén
kinh hién vi dién tir truyén qua (TEM)
JEM 1010, cac mau dugc do phd hong
ngoai FT-IR trén thiét bi Nicolet 6700.
Kich thuéc thiy dong (DLS) va thé zeta
cua h¢ keo duge do trén thiét bi SZ-100
cua hdng Horiba Scientific.

2.4. Khao sat kha niang tang tin hi¢u
twong phan anh trong ky thuat MRI

Céc giéng chup anh MRI duoc chuan bi
v6i thach agarose dé cd dinh mau. Dung
dich cac hat nano MnO@PVP ¢ nong do
pha loang tor 0 - 0,8 mM (tinh theo
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nguyén tb Mn) tai cac néng do: 0,1 mM
(C1), 0,15 mM (C2), 0,3 mM (C3), 0,5
mM (C4) va 0,8 mM (C5) dugc nap vao
cac giéng c6 dung tich 2 mL. Pau tién cho
1 16p dudi c6 chira 0,3 mL agar 1,5% vao
cac dia giéng, sau d6 cho 1 mL dung dich
cac hat nano MnO@PVP tai cac nong do
khac nhau rdi cho tlep 0,7 mL agar 2%
1én phia trén cua giéng. Pia giéng dau tién
duoc cho dung dich agar 1,5% lam mau
d6i chung.

Do hoi phuc doc r1 dugc do theo trinh ty
xung turbo spin echo (t1_tse) theo su bién
thién TR, véi cic tham sd sau: magnet
field = 1.5 T (Siemens MAGNETOM
Avanto 1,5 T), TE = 11 ms, TRs trai tr
100 dén 1000 ms, trudng quan sat FOV x-
y 256 x 192 mm?, DFOV 19 cm x 19 cm,
do day 16p cat 1,6 mm, sb lan ldy trung
binh bing 2 va d6 phéng dai hinh anh
2.2x. St dung phim mém RadiAnt
DICOM Viewer dinh lugng tin hiéu tai
dién tich vung quan tadm (region of
interest - ROIs) (cm?). Phuong trinh don
exponential duoc str dung dé tinh do ting
tro lai gid tri thoi gian cuc dai Ta:
y =

-TR

A+c(1-e7r) 1)
bo hoi phuc doc r; va hoi phuc ngang r;
dugc xéc dinh theo phuong trinh.

1 1

T, T°

L

+ 1. C (2)

trong d6, T 1a gia trj hdi phyc, Ti" |2 gia
tri hdi phuc cua nuoc nguyén chat, C 1a
néng do cia mau (ki hiéu mau) (mM).

Cac hinh dnh MRI duoc quét trén thiét bi
cong huong tr MRI (Siemens, Duc), tan
sd tir truong xoay chiéu 64 MHz va tir
truong 1,5 T.

3. KET QUA VA THAO LUAN

3.1. Mt s6 tinh chét dic trung cia vat
liéu



Dé tmg dung 1am chit twong phan MRI,
bé mit cta hat nano MnO duoc bao boc
bang polymer poly(vinylpyrrolidone)
(PVP) lam 16p vo tuong thich sinh hoc.
L&p vo nay khong chi ngan chan viée giai
phéng cac ion Mn®* ¢6 hai vao co thé va
diéu chinh sy twong tac cia cac phan tir
nudc véi cac ion Mn?* trén bé mit hat ma
con bao vé cac hat nano khoi su két tu.
Hinh 1 trinh bay anh TEM va biéu db
phan bb kich thudc hat nano MnO khong
boc va boc PVP trong cung diéu kién tong
hop. Tir hinh la, c6 thé thdy rang khi
khong boc PVP, cac hat nano MnO bi két
tu tao thanh cac cum co6 kich thudc 16n.
Nguoc lai, khi c6 mat PVP, hinh dang cta
hat nano MnO thu duoc gan nhu 13 hinh
cau, kich thudc hat nho, don phan tan véi
d6 dong déu cao. Ngoai ra, c6 thé nhan
théy mdi hat nano MnO ¢6 mot 16p vo
hitu co trén bé mit va kich thude trung
binh ctia mdi hat nano MnO@PVP
khoang 10,87 £ 1,19 nm (Hinh 1b). Hinh
anh TEM cho thdy vai trd cta phan tur
PVP lam 6n dinh cac hat nano va han ché
su két tu ciia chung trong dung méi. Lép
phu PVP lam giam hién tuong két tu cua
cac hat nano va cai thién tinh don phan
tan cua cic hat. Ngoai ra, dang hinh ciu
cua MnO@PVP cé thé ¢6 loi cho mot sb
tmg dung nhat dinh, chang han nhu chup

anh y sinh, vi né cai thién tinh 6n dinh
ciia cac hat nano va cho phép phan bd
ddng déu hon trong cac hé thdng sinh hoc.
Nhin chung, két qua cua nghién ctu nay
cho thiy tiém ning sir dung PVP lam vat
litu phu dé kiém soat cac dic tinh hinh
thai cuia hat nano MnO (MnO NPs) va cai
thién cac ung dung tiém ning cta chung.

Pé danh gia mic do tinh thé hoa ciing
nhu cdu tric pha cta cic hat nano MnO
chung t6i di tién hanh phan tich gian d6
XRD ctia mau ché tao duoc (hinh 2a). Két
qua cho thdy, mau téng hop duoc cb cac
dinh nhiu xa tai cac goc 20: 34,83%
40,67°; 58,62°% 70,39° va 73,88°, ting véi
cac mat tinh thé (111), (200), (220), (311)
va (222) va cac gia tri dng dac trung cho
manganese oxide MnO (JCPDS 07-0230
MnO). Gian d6 XRD c6 16p nén nhiéu
manh c6 thé do anh hudng cia 16p chat
hoat dong bé mat PVP phu trén bé mat hat
nano MnO. Trén gian d6 khong xuat hién
cac dinh cua cac pha khac nhu: MnOy,
Mn3;0,. Didu nay chimg to vat liu tong
hop duogc 1a don pha MnO. Kich thuéc
tinh thé trung binh (Dxgp) clia mau xac
dinh tor phuong trinh Scherrer 1a 10,41
nm. Gia tri nay phu hop véi kich thude
hat trung binh (Dtem) dugc xac dinh tu
anh hién vi dién tir truyén qua TEM.

Hinh 1. Anh TEM va biéu dé phan bé kich thuéc hat twong ing cia MnO (a) khéng boc va (b) boc PVP
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Hinh 3. Kich thude thity dong DLS (a) va thé zeta (b) ciia mau MnO@PVP

Ngodi ra, dé xac dinh kha nang lién két ctia
cac phan tod PVP véi bé mat hat nano
MnO, ching t6i da do pho hong ngoai bién
d6i Fourier (FT-IR) ctia mau MnO@PVP.
Két qua hinh 2b cho thiy, pho FT-IR cta
vat liéu tong hop dugc xuat hién cac dao
dong dic trung lién quan dén cic nhém
chire cia PVP. Dai 3427 em™ ctia O-H cho
théy bé mat h?ip thu nudc cia cac hat nano.
Cac dai & 2945 cm™ va 2858 cm™ la dao
dong bat dbi xtmg va dbi ximg cia cac lién
két C-H. Hon nita, c6 mot dai hép thu
manh & vi tri cuc dai 650 cm™ duoc gan
cho dao dong Mn-O cia MnO. Két qua
phan tich trén phu hop véi cac nghién clru
truge ddy cua cac tac gia khac vé str dung
chat pha PVP [19] trén hé hat nano. Tir cc
phan tich trén cho théy bé mit hat nano
MnO da dugc chiic nang hoa thanh cong
bang 16p phu PVP.
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Su phan bd kich thuéc hat nano
MnO@PVP trong nude duoc khao sat bang
phuong phép pho tan xa laser dong (DLS)
trén may do thé SZ-100. Hat nano
MnO@PVP phén tan trong nudc co kich
thudc trung binh 108,9 nm véi dinh nhon,
phan bd hep trong khoang 100 dén 115 nm
(hinh 3a). Gia tri thé zeta cua mau
MnO@PVP 1a +25,2 mV (hinh 3b), két qua
nay cho thiy do phan tan va 6n dinh tét cia
cac hat nano trong mai truong nudc.

3.2. Panh gia dd hdi phuc doc rl cia hé
vat liéu nano MnO@PVP

Pé kham pha tiém ning sir dung vat lidu
nano MnO@PVP trong hinh danh MRI,
cac dac tinh thu gian Ty cua cac hat nano
MnO@PVP da dugc do. Trong k¥ thuat
chup anh MRI, cudng d6 tin hi€u ting dan
tir 0 dén cuc dai trén hinh anh theo ché do



chup Tl (T1-weighted, TIW) va gidm
dan tir cuc dai trd vé 0 trén hinh anh cheo
ché d6 chup T2 (T2-weighted, T2W). Dé
c6 su tuong phan t6t nhat vé hinh anh coa
cac md, can phai chon thoi diém T1 va T2
phu hop dé thu nhén cac tin hiéu buc xa
cung cap cho qua trinh tao anh. Hinh anh
twong phan MRI & cac mo theo ché do
chup T1, T2 phu thudc vao cac gia tri
xung TR, TE. Trong do, dé tao anh trong
T1 (T1W), can chon mot gia tri TR tuong
ung voi thoi gian tai d6 tuong phan T1
16n nhét giira hai loai mo. Tuong phan T1
cuc dai thu dugc bang cach dung xung
TE, TR ngin (TE < 50 ms; TR < 1500
ms). Trong nghién cuu nay, vai trd cia
cac hat nano MnO@PVP trong k¥ thuat
chup anh MRI 1a gidm thoi gian thu gian
theo chiéu doc, do d6 lam ting do hoi
phuc doc 1.

Hinh 4 cho thiy su gia ting nong do Mn,
tuong ung voi tang cuong do tin hi¢u
MRI (d6 twong phan duong T1). Bé danh
gia dugc dac trung twong phan anh trong
s6 T1 (T1W), thi nghiém duogc thyc hién &
cac gia tri khac nhau ctia xung TR (Time
Repetition). Hinh 4 cho thiy cudong d6 tin
hiéu hinh danh MRI ¢6 trong s Ty cho cac
néng do khic nhau cia cac hat nano
MnO@PVP ung véi céc gia tri khac nhau
cia TR. Chung ta c6 thé dé dang nhan
thiy do tuong phan dang ké ngay ca khi
su khac biét vé ndong do tuong doi nho.

A%‘”’;"fe ct c2 €3 C4 C5

(sw) uonnedal awn asealou|

Hinh 4. Anh MRI ciia mau MnO@PVP tai cac
nong do, xung TR khac nhau theo ché do trong
TIWtai TE = 11
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Tir hinh 4 ta thdy, mau d6i ching agarose
1,5% c6 anh t6i mau 1 mau c6 nong d6 C
= 0 pg/mL Nam anh the ty tor den dén
trang dit trong cac giéng thu nhat theo
chiu tir trai sang phai 13 ctia cac mau co
néng do twong ung: 0,1 mM (C1), 0,15
mM (C2), 0,3 mM (C3), 0,5 mM (C4) va
0,8 mM (C5). Su tuong phan duong
(cuong do tin hi¢u duong) tang 1én khi
thay d6i mot luong nhod ndéng d6 cua miu
MnO@PVP nhu thé hién trén hinh 5a.
Nhan thdy, cudong d6 tin hiéu pixel ting tir
63,88 1én 389,35 tuong tng ting 6,1 lan
khi c6 0,1 mM chit tuong phan
MnO@PVP. Khi ndng d6 ting tir 0,3 1én
0,5 mM thi cuong do tin hiéu duong tang
tr 540 Ién 686 pixel, twong tng tang 1,27
lan. Hinh 5b cho théy, toc d6 hoi phuc
doc cua cac hat nano MnO@PVP la ham
cla néng do Mn. Tur dir liéu thu duogc cho
thdy, méi lién hé tuyén tinh gitta nong do
Mn va 1/T1. Do hoi phuc doc r; dugc xac
dinh bang phuong trinh tuyén tinh 1/T;
theo nong d6 Mn, v4i hé sb goc tuong
tng 14 d6 hdi phuc doc (r1) 5,28 mM™s™,
Diéu nay cho thay khi ¢6 sy dong gop cua
hat nano MnO@PVP spin cua cac proton
phan tr nudce bét dau chuyén dong khong
doéng nhat dudi tac dung bd sung cua
truong ludng cuc cuc bd (By), gdy ra boi
céc hat nano. Gia tri do hoi phuc doc rl
thu duoc cho vat liéu nano MnO@PVP
clia chung t6i 1a cao gap khoang 4 lan so
v6i chét twong phan thuong mai trén nén
Gadolinium (Gd) nhu Magnevist (Gd-
DTPA, r; = 3,1 - 3,5 mM™s?), Dotarem
(3,9 - 43 mM™s™), Omniscan (3,6 - 4,4
mM™s?) va trong duong véi Gadovist 5,1
(trong khoang 4,8 - 5,4 mM™s™?) [21]. Két
qua thu dugc trong nghién clru nay cling
16n hon nhiéu chat twong phan duoc bao
céo trudc day dua trén nén Gd va Mn [19,
22-24]. Cac két qua thu duoc cho thiy,
vat liéu nano MnO@PVP ché tao duoc
bang phuong phap polyol cé thé sir dung
lam chat tuong phan duong T1 trong k¥
thuat chup anh cdng huong tir MRI.
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4. KET LUAN

Vat liéu nano MnO boc PVP duoc ché tao
bang phuong phéap polyol ¢ ciu trac don
pha, dang hinh cau, kich thuée trung binh
10,78 nm, do phan tan tot va do bén cao.
Két qua khao sat tin hiéu twong phan anh
MRI cho thdy, hé vat liéu nano
MnO@PVP cho d6 hdi phuc doc r; cao
(twong duong va cao hon cic san pham
thwong mai trén nén Gadolinium), giam
thoi gian hoi phuc va do dé ting cudng do
tuong phan anh MRI. Vat li¢u nano
MnO@PVP c6 thé duoc nghién ciru cac
budc tiép theo vé doc tinh ciing nhu kha
nang tuong phan anh trong thi nghiém in-
vivo dé mg dung lam chat twong phan
trong chan doan hinh anh MRL

LOT CAM ON

Nghief:n ctru nay duogc ‘thuc hién y('yi su hod
trg ve kinh phi ctua dé tai ma so: B2024-
TDV-08.

CAM KET: Tbi xin cam doan day 1a cong
trinh cia Nguyén Thi Ngoc Linh, Thai
Van Binh, Pau bang Thién, Phan Thi
Hong Tuyét, Luu Tién Hung, Nguyén
Hoa Du, Lé Thé Tam chua giri dang noi
dung nay & bat ky tap chi nao.
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