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Tdm t i t Bao cao gidi thieu tong hop cac kdt qua nghien ciiu vd chd tao, dac tnmg cac 
tinh chat ly bda co bdn vd mdt sd dinh hudng ung dung trong sinh y ciia cac he hat nano 
tu tinh, thu dupe tai Vien KHVL trong gin 10 nam qua. Vd ddi tuong vat li?u hr, cac 
nghidn ciiu da bao phu khd da dang cac cbunp loai: tu oxit da kim loai cdu tnic 
perovskit thanh phin La(Sr,Ca)Mn03, cac ferit sat tu cdu tnic spinel (Mn,Co)Fe204 co 
hoac khdng pha Zn trong do tap tning chii ydu vao loai oxit sat Fe304, cung nhu hpp 
kim tii mem 2 kim lo^i FeCo. Cac hat nano tii da dupe nghien ciiu tdng hgp bang nhidu 
cdc phuang phdp hda ly khac nhau, nhu: phuong phap nghien co nang lupng cao de che 
tao cdc hat nano perovskit va cdc bat nano hop kim, cdc phuong phap hda udt nhu thiiy 
nhi?t, phdn hiiy nhi$t va phd bidn nhdt Id ddng ket tua cho cbS tao cac hat vat li?u 
magnetit vd ferit spinel khac. Cac dac trung cau tnic, thdnh pban pha ciia cdc hat nano 
tii sau tdng hpp dupe khao sat chi bet bang cdc phuong phap nhu: phdn tich nhiet vi 
trpng; nhidu x? tia X, kinh hidn vi didn tii EDS, FESEM, TEM. Ngoai cdc dac trung tir 
tinh chung nhu tu dp, nhiet dp Curie, 1\TC khang tur, mpt sd dac tinh dac trung hat nano 
da dupe nghien cuu sii dyng cdc thiet bi do VSM va PPMS. 

Nhim nghien ciiu Idid nang iing dung trong sinh y, cac hat nano vd co sau khi 
che tao da duac dn dinh/chiic nang hda bdi mpt so vat lieu hiiu co nhu: cac polymer 
khdc nhau (chitosan, dextran, alginate), hay cdc copolymer (polyacrylic acid, PLA-
PEG) hay chdt hoat hda bd mat (acid oleic, oleyamin). Cdc yeu td tdc ddng ciia qua trinh 
chlic nang hda nhu: ham lupng chat hihi ca phi tii, dnh hudng qua trinh hda hpc len cau 
tnic tinh ihk va tinh chdt chdt tu, dp hen kdt gjixa chat huu co chiic nang hda vdi be mat 
hat tir vd ca ... dupe khao sdt bang ky thuat hdng ngoai FTIR. Da chpn curcumin nhu 
chat thudc dd tai len nhieu h? nano cd bat loi Fe304 chiic nang bdi cac polymer khac 
nhau. Lupng thuoc curcumin dupe tai va/hoac dupe phdng thich da duac xdc dinh bang 
ky thu^t UV-vis. Da tien hanh nghien ciiu mpt sd hieu iing co ban cho cac iing dung 
sinh y cua cdc hat nano tir nhu: anh hudng cua kich thudc hat len cdc tham sd tu dp bao 
hda, dp di hudng tu ciia he hat; tac ddng ciia loai chat va/hoac qua trinh chiic nang hda 
len vi^c suy giam md men tir; cdng suat tieu tan do co che hdi phuc phu thupc vdo kich 
thudc hat ..v.v.; dp hdi phuc cpng hudng tir bat nhdn ciia cdc he hat tir trudc vi sau chiic 
nang hda. 

Cudi ciing, bdo cao se gidi thieu mot sd kdt qud nghien ciiu in-vitro va in-vivo ve 
khd nang iing dung cdc chat long tti cho sinh y, thu dupe nhd su phdi hop nghien ciiu 
vdi Khoa sinh hpc, DHKHTN Ha Npi. Hieu qud diet te bao/u ung thu bang hieu iing tu 
nhiet tri dupe de md ddi vdi loai ung thu Sarcoma. Kha nang nang cao dp tuong phan 
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chup dnh MRI dupe khao sat cho mdt vai chdt long tu FesO^ bpc cdc polymer kfaac 
nhau. 

1. Md dau 
2. Che .ao cdc he hat va nghidn ciiu tinb chdt hat nano tir MNP 
3. Bpc hat va chd tao chat long hpp sinh 
4. Nghien ciiu hieu iing ddt ndng cdm iing tu MIH 
5. Mdt so nghien cihi dinh hudng iing diing chat long tir cho y sinh 

5.1. Dp hoi phuc CHTHN va iing dung tang tuong phan MRI 
5.2. U'ng dung hieu ung MIH cho nhiet tir tri ung thu 
5.3. He MNP mang curcumin 

6. Ket luan 
Tai lieu tham khao 

MOfDAU 

Nghidn ciiu vat lieu tir cdu tnic nano dupe khdi xudng tai Vien Khoa hpc v^t li?ii 
cdch day da 15 nam bdng mpt su tdi tra ciia Vien HLKHCNVN theo ldi keu gpi ciia 
VS. Nguydn Van Hieu cbo nghidn ciiu ddi tupng vat lieu nano ndi chung. Sau thdi 
gian 5 nam khdo sat cac dang khdc nhau, tap thd nghidn ciiu chiing tdi da bat dau tiip 
trung vao nghidn cuu co bdn doi tuong hat nano tu (MNP), dd tir nam 2009 den nay co 
thd xdy dung nhdm nghidn ciiu lidn nganh va tidn hdnh dd tdi nghidn ciiu co ban loai 
ddi tupng vat lieu bat ndy vdi dinh hudng ung dung cbo y sinh. Su lua chpn ciia chung 
tdi phu hpp vdi trdo luu nghidn ciiu vd phdt tridn chung cua thd gidi trong hon hai thap 
ky cudi ddy [1]. Thu hiit dupe su quan tam nay la nhd hat nano tir sd hihi nhieu dac 
tinh ddc bidt. Kich thudc co chuc nanomet la tucmg thich vdi kich thudc cdc thuc the 
sinh hpc va vat lipu nhu loai oxit sat Id than thien vdi co the sdng. Nhd mdmen tir kha 
Idn, chiing cd thd dupe didu khidn bdi tir trudng, nhu vay cd the dung lam vat lieu nen 
cho cdc he phdn phdi thudc nano hudng dich bang tir trudng ngodi. Hat sieu thuan tir 
cd thd sir dung lam chat tang tuong phan anh cpng hudng tCr hat nhdn (CHTHN) MR], 
hay lam chat sinh nhiet cue bd de nhiet tir tri img thu. Muc dich ciia bdi bdo nay Id gioi 
thieu mpt each tdng quat cac vdn dd nhdm nghidn ciiu tai Vien Khoa hpc vdt lieu da 
tien hdnh trong thdi gian 10 nam qua vd chd tao va nghidn ciiu cac tinh chdt ly-hoa-
sinh cua cdc phiic he h^t nano tii. So vdi bdo cao trinh bay 1̂ .1 hpi nghi cdch ddy 5 nam 
[2], bdo cdo ndy se gidi thieu them mpt sd kdt qua nghidn ciiu mdi vd ydu cdu tir do 
cao cua phiic he hat tii sau chiic ndng hda, vd dp hdi phuc CHTHN, hay tinh todn anh 
hudng cac ydu td ddc tnmg ly-hda khdc nhau Idn hipu nang ddt ndng cam ling tii..v.v. 

CHE TAO CAC HE H ^ T 
VA NGHIEN c t r u TINH C H A T IL^T NANO TtT 

Ve mat thdnh phan, cd thd phdn vat lieu tir thdnh 2 loai: loai kim loai vd loai oxit. 
Trong hai ldp vat lieu nay, cac nghidn ciiu lau nay tren thd gidi tap trung hdu hdt vao 
cdc vat hdu oxit, vi ngudi ta cho rang d kich thudc nanomet thi cac kim loai dd bi oxy 
hda vd do dd tu tinhbi suy thoai theo. Theo trdo luu dd, nhdm nghidn ciiu ciia chiing 
tdi trong mdt giai doan dai trudc day ciing chi tap trung vao doi tupng vat lieu tir oxit 
[2], bao gdm cd loai don kim lo^i (cu thd Id oxit sdt Fe304) vd 2 lo£ii vdt lieu oxit da 
kim loai (cu thd la vat lieu manganit (La,A)Mn03 vd vat lieu ferrit spmelMni-
MxFe204) (Bdng 1). Mdi ddy, nhdm nghien ciiu da quan tdm them mdt ddi tupng v?t 
Ueu hpp kim tir mdm hai nguyen cd tir dp rat cao, do la Fej-^Co^. 
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Bdng 1. Cdc he vdt lieu dd che tao vd nghien deu. 

Hp vat lieu 

(La,A)Mn03 

Fe304 

Mni-
^M^Fe204 

Fci-̂ iCox 

Cac chat cu the 

Lai.x(Sr,Ca)^Mni. 
v03 

Lai.xSrxMni-
vTiv03 

Fe304 

M=2n, X = 0, 
0,05,0,1,0,2,0,3, 

0,4 vd 0,5 
M=Co,x=l 

x = 0,0.35, 0.5 

P/phdp che tao 

Nghien ca NLC 

Sol-gel 

Ddng ket tiia 

Thiiy nhiet 
Phan hiiy nhiet 

Ddng ket tiia 
Thiiy nhiet 

Nghien ca NLC 
Polyol 

Vdt lieu bpc 

Chua boc 

Chua boc 

Chitosan, 
Alginat, 

Dextran, Sty-
PAA, PLA-

PEG, 
Polyme nhay 

nhiet 
Oleic 

acid/curcumin 
Chitosan 

Polymer PAA 
- Chua boc 

Alginat 

Chua boc 
PAA 

N/c khd nang Ut> 
y sinh 

Cdng sudt ddt tii pt 
kich thudc hat 

Dieu chinh Tc, ddt 
tir [15] 
Ddt hi, 

Ddt tir, MRI, 
Ddt tir, Nhd thudc, 
MRI Ddt 

tii, Nha thudc, 
Ddng hpc nhap 

bao 

-Ddt tir 

Ddt tir 
Ddt tii 

-
Ddt tir 

Dd tdng hpp dupe cac hat nano tii chiing tdi da khao sat khd da dang cdc phuong 
phap hda hpc vd vdt ly khdc nhau, di tir phuong phdp don gian ddn phiic tap. Sau khi 
thanh cdng trong vide sii dung phuang phdp nghien co ndng lupng cao dd tdng hpp cdc 
hat nano manganit [3], mdi ddy chiing tdi da su dung phuong phdp ndy de chd tao cac 
hat nano hop kim Fei.xCOx vai mpi thao tdc ddu thuc hidn trong mdi trudng khdng khi 
va thu dupe vat lipu h^t chii ydu la bop kim mong mudn cimg lupng nhd oxit sdt Fe304 
[4,5]. Tap chat nay khdng nhiing anh hudng khdng ddng kd ddn su suy giam tii dp 
chung ma td ra cdn ddng vai trd bao vp kba tdt cho cac hat hpp kim khdi bi oxy hda 
tidp khi dd trong khdng khi. Nhidu phuong phap bda udt da dupe khao sat dd che tao 
cdc hat nano tir quan tdm [6-8]. Sii dung nhidu nhat la phuang phap ddng kdt tua, vi 
day la phuong phdp don gidn, re tidn, tdng hpp trong dung mdi nude. Mdi day, nhdm 
thu dupe bat nano cd tii dp bao hda cao, nhdm da nghidn ciiu quy trinh cdng nghe chd 
tao hat nano Fe304 bdng phuang phdp thiiy nhiet vd phuong phdp phdn hiiy nhiet 
[9.10,11] vd hat nano FeCo bdng phuong pbap polyol [12]. Phuang phdp phan hiiy 
nhiet dimg cdc tidn chdt chiia nguydn td kim loai quan tam phun nhaiih vdo dung mdi 
hihi CO dang sdi d nhiet dp cao vdi sy: cd mat ciia chat boat ddng bd mat. Phuang phdp 
nay dau tidn dupe cac nhdm nghidn ciiu ciia Sun vd CS [13] de xuat vd sau dd dupe 
nliieu nhdm nghidn ciiu dp dung dd tao cdc bat nano tii ferit spinel va dxit sat. Phuang 
phap phan hiiy nhi$t cd mdt sd uu diem nhu cd the thu dupe hat kich thudc khong chd 
dupe vdi dp phan bd kha ddu, cd dp tinb the hat tdt va nhd dd tir dp bao hda khd cao. 
Ben canh dd, nd ciing cd mpt sd nhupc didm nbu hda chdt sir dung khd dat, sdn pham 
hat thu dupe khdng phdn tan trong nude ndn phdi qua thdm cdng doan chuyen pha dd 
tao chdt Idng bi trong nude cd thd six dung trong mdi trudng y sinh. Cung nhdm muc 
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dich thu dupe hat nano cd tir dp cao ndn g4n ddy chiing tdi da dp dung phuong ph^ 
phan buy nhiet dd chd tao hat nano magnetit [10]. 

Hinh 1. Gidn do nhieu xg tia X (trdi) vd dnh FESEM (phdi) cua mdu hat FesO^ trudc (a) 
vd sau khi bgc bdng chitosan (b) vd chitosan bien tinh (c.) 
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Hmh 2. Buang cong tic tre cita mdu hat FCIOA che too bdng phdn 
huy nhiet tai cdc nhiet do: 265 °C, 285 °C, 298 °C, 330 °C, 

Cac vat lieu hat nano tir sau khi chS tao dSu duac kiSm tra ciu tnic pha tinh the 
sir dung ky thuat nhiiu xa tia X. Trong cac truong hop cbi tao cac ciu tu cho ling 
dung sinh y, ky thuat nay ciing duoc su dung dj kijm tra xem cong doan bpc chijtc 
nang hat tit co anh huong den chat luong tinh thj hat loi hay khong (Hinh 1- trii). 
Ngoai ra, gian do nhieu xa tia X con duoc dung de tinh kich thuoc tinh thj ciia h?t & 
che tao dua tren cong thiic Scherer. Mot phuang phap cho thong tin true tijp vj hiBh 
thai va kich thuoc hat da dupe sir d\mg cho hau hjt cac he hjt nano tir ch j tao la kint 
hijn vi dien tii phat xa trucmg FESEM. Hmh 1 - phai ttinh bay mpt anh FESEM tieu 
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bieu thu duac trdn may Hitachi S-4800 cho cdc mau hat Fe304 trudc vd sau khi bpc 
polymer. Hau nhu tdt cd cac hat nano tii do chung tdi chd tao ddu cd dang hinh cau, 
viing dudng kinh d ciia cac bat che tao trdi rpng tu 7 - 70 nm. 

Cac hat nano thu dupe sau khi che tao deu duac dua xdc dinh cdc dac trung tii 
cua chiing. Phep do tii ddu tidn dd dac trung vat Ueu hat la dudng cong tir hda d nhipt 
dp phdng, nhSm muc dich xdc djnh tir dp bao hda va xem xet bidu hidn tmh sieu thuan 
tii cua chiing (Hinh 2). Tii dp bao hda Id tinh chat quan trpng nbat cho tdt cd cac ling 
d^ng hat nano tir trong y sinh. Cdc hieu nang ling dung ddu tang theo chieu tang cua 
dai lupng ttr dp, cii the Id quan he tuydn tinh ddi vdi luc tii: F - MjxH va cdng suit ddt 
ndng cam iing bi: P ~- Ms; vd quan he ham binh phuong ddi vdi tdc dp hoi phyc (dpc) 
CHTHN: R2 ~ M^̂  

Tuy nhidn, tham sd tii dp bao hda trong cac hat nano lai suy giam nhidu so vdi 
cac gia tri ciia dai lupng ndy trong vdt hdu khdi. Su suy gidm Ms theo d da dupe chiing 
tdi klido sat cho cd ddi tupng vat lieu hat nano La(Ca, Sr)Mn03 [14] va Fe304 [15]. Vi 
du dudng phu thu^cndy dupe trinh bdy trdn Hinh 3a. 

Sy suy gidm nay dupe gdn cho vide cdc spin trdn bd mat hat nano tir khdng cdn 
tuan thu trat tu sap xdp song song vdi tir trudng ngodi theo mpt cdch binh tbudng nhu 
cac spin ben trong loi hat ma cd xu hudng bi xep n ^ e n g [16a] Iiay theo kieu thijy tinh 
spin [16b], lam ndn mpt ldp vd bi chdt tir bdn ngoai h^t. Tu dp m^ cdn lai cua beit nano 
tii b} suy giam so vdi tii dd bao hda Mj cua vat lidu khdi theo quan hd: 

ms = MA{r-d)fT^] ' ' ^ (1) 
d day, r Id bdn kinh hat nano, d la dp day ldp vd chdt tu. (Juan sdt ndy Id phii hpp 

vdi kdt qud cua mpt sd cdng bd khdc trudc ddy. 

20 30 40 50 60 70 
d ^ {nm} 

b) 

Hinh 3. Tie do Ms (a) vd he s6 di htr&ng tir Kef (b) phu thugc d vd cho hgt nano perovskit. 

Ca chd giam tir dp bdn ldp bd mat hat nano sau qua trinh tdng hpp tuy da duac 
bdt ddu dd cap trdn hai chuc nam nay [16] nhung van chua dupe nghidn ciiu nliieu va 
hidu bidt van cdn h ^ chd. Mdt vdi nhdm nghien ciiu cho rang nguydn nhan suy giam 
tit dp trdn ldp vd hat nano tir Fe304 la do ldp nay bi oxi hda thanh Fe203, do dd anh 
hudng ddn sd phdi tri cua ion tham gia tuang tac sdt bi. Kodama vd CS [ 16b] da cd luu 
y kha sdm vd anh hudng cua chdt boat ddng bd mat (nhu acid oleic, oleyamine) Idn 
khd nang didu chinh sd phdi tri tuong tac tir. Mot vai nam lai day, van dd tir hpc bd mat 
h t̂ nano ndy dupe dd cap trd l^ vdi sy quan tdm dac bi?t ciia cdc nhd nghidn ciiu iing 
dung trong y sinh. 
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Mdt quan sat khdc niia vd tinb chat co ban cua hat nano tii cua nhdm chiing tdi la 
vd dp di hudng tir. Di hudng tir hidu dung cua hat nano tir binh cdu cd the bidu dien 
nhu sau [17]: 

IQff = Kv + (6/d)Ks (2) 

d day, Kv va K̂  tuong ling la di hudng tii tinh thd Jchdi vd di hudng tu bd mat hEit. 
Cd 2 ydu td ciu Ihdnh Kg la tir gido va iing suit. Qua vide thidt lap quan he bjy&i 

tmh giiia di budng tii hidu dung vdi nghich ddo kich thudc d cho cac miu hat c6 
dudng kinh khac nhau, ta cd the tinh dupe sy ddng gdp cua di hudng tu bd mat. Hinh 
3b la vi dy quan he tuydn tinh quan sat dupe cho cdc h^t LSMO. Vdi cdc mdu nghien 
ca -u nhiet, cac hat nano vat lieu ndy cho di budng tir be mat cao hon di huong tir tinh 
thd ca 1 bac. 

Dai lupng di budng tir, nhu se chi ra trong tnyc 4.1, se dnh hudng len viing cdng 
sudt ddt tir tdi uu, thdng qua su canh tranh cua phdn cong suit do co chd hdi phuc Neel 
vdi CO chd hdi phyc Brown. Day la tmh chdt nguydn ly cho vide sii dung hat nano tir 
lam chat nhdt tu tri ung thu. 

CHirC NANG BE MAT VA CHE TAO CHAT LONG HOfP SINH 
Cdc hat tii kich thudc nano sau khi tdng hpp da duac chiic nang (bpc) bdi mdt s6 

polymer khac nhau. Vide bpc cdc hat nano tir la nham 2 myc dich: bdo yd chiing khoi 
bi oxy hda, vd giu chiing khdi bi kdt dinh vdi nhau dd cd the thu dupe chat Idng ttr don 
phan tan. Nhu tiiiy trong Bang 1, nhdm chiing tdi da khao sat sii dung cdc vat lieu bpc 
gdm ca polymer tir nhidn nhu: tinh bdt, chitosan, algmate, dextran vd cd polymer tdng 
hpp nhu: polyacrylic acid (PAA), copolymer styrene-polyacrylic acid, copolymer 
polylatide acid-polyetbylel glycol (PLA-PEG) vd cd loai polymer nhay nhiet nua. Viec 
nghien ciiu bpc bat tir chu ydu dupe thuc hidn ddi vdi loai vat lieu hat loi Fe304. Dp 
lien kdt giiia vat lieu bpc vdi be mat hat nano duoc kidm tra bang ky thuat phd hdng 
ngoai. Nghidn ciiu so sdnh cho thay khi duoc bidn tinb 0-carboxymetbyl, ca chitosan 
va dextran cbo chdt lupng bat bpc tdt hon (Hinh 1 -phai), la do cdc nhdm chiic cua 
polyme nay bam tdt ban Idn mat hat nano Fe304. Ddi vdi cac copolymer luong tinh 
(amphiphilic) nhu copolyme styrene-polyacrylic acid va copolyme polylactide acid-
polyethylel glycol, ddu ky nude PLA cd xu hudng chum vdi nhau vdo bdn trong, lam 
cho ban thdn cac copolymer nay cd thd tu tao thanh cac hat hinb cdu, vd khi bda ciing 
hat Fe304 trong mdi trudng nude thi cdc dau ky nude se bao bpc hat nano tir dd ddu ua 
nude nhu PEG hudng ra ngoai. JChao sat cua chiing tdi cho thdy, vdi copolymer PLA-
PEG ty Id 3:1, chat Idng tir hat loi Fe304 cd dp tuong hpp sinh hpc tdt nhd dau cd tinh 
nang tuang hpp sinh bpc cua polyethylel glycol. 

Anh hudng cua vide bpc hat Idn cdu tnic cua bat ldi tir duac khao sat bang each so 
sdnh phd nhidu xa tia X cua mau trudc va sau khi bpc. Khdo sat cua chiing tdi cho 
thdy, tdt cd cac mau sau bpc cua chiing tdi van bdo toan duac can tnic tinh thd cua hat 
ldi nhu budc khi bpc (Hinh 1-trai). Trdi lai, phep do tii dp bao hda (nhiet dp phdng) 
ciia cdc mdu cho thay tir dp khdi M cua hat sau bpc deu bi suy giam so vdi mau chua 
bpc. Dp suy giam tir dp phu thudc rat nhieu vao cd loai vat lieu bpc va quy trinh boc. 
Dd xem xdt dp anh hudng nay, trudc hdt cdn danh gia khdi lupng chdt bpc phi tir mc 3a 
tham gia cimg Ichdi lupng hat tu mm trong phepdo. Tii dp ridng cua phdn bat tu loi Mm 
dupe tinh nhu sau: 

M^ = M / [1- mc/(mc + mj]x 100% (3) 
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-id- B0«' 

Hinh 4. Gidn do TGA diing de xdc dinh khoi lugng chdt boc him co. 

Ddi vdi trudng hpp vdt lieu bpc la huu co ty khdi m(y(mc + m^ tinh theo %, cd thd 
dd dang thu duoc tir dudng phdn tich nhiet vi lupng TGA (Hmh 4). Nhdm myc dich 
thu dupe tir dp vat lipu sau bpc M dii cao dd phuc vu cho iing dung y sinh vd nghidn 
ciiu dnh hudng ciia vide bpc coopolyme PLA-PEG Idn tir dp hat ldi, chung tdi da khdo 
sat loat mau vdi ty khdi mc/(mc + mm) trong vimg tir 0 - 25%. Kdt qua do va tinb todn 
cho loat man ndy trinh bdy trdn Bang 2a. Ddi vdi hat Fe304 chd tao bang phan huy 
nhiet sau dd bpc cbuydn pha bang PAA (Bang 2b) cdn cho gia tri M̂  cao ban. 

Bdng 2a. Anh hu&ng chdt boc copolymer PLA-PEG len tir do cua mdu. 

MIU 

FejOi 

lFe3O4@0,3PLA-
PEG 

2FejO,@0,3PLA-
PEG 

3Fe3O4@0,3PLA-
PEG 

4Fe3O4@0,3PLA-
PEG 

5Fe3O4@0,3PLA-
PEG 

Thanh phan 

Fe304 
(mg) 

Fe304 

1 

2 

3 

4 

5 

PLA-
PEG 
(mg) 

0 

0,3 

0,3 

0,3 

0,3 

0,3 

% FejO, 

100 

76,9 

87 

90,9 

93 

94,4 

M 

64,4 

53,0 

59,2 

64,5 

64,2 

65,1 

M, 

64,4 

68,9 

68,1 

71 

69 

68,9 
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Bdng 2b, Kich thuac hat trung binh DTEM va tit do bao hoa Ms ciia 3 mdu Fe304 
sau Ithi tong hop bdng phdn huy nhi^t vd sau khi thuc hien chuyen pha bdng PAA, 

DraM(mn)[9] 

(sau phan hiiy 

nhi?t) 

8 

11 

15 

DTEM(nm) 

(sau chuy8n 

pha) 

8 

12 

15 

Ms (emu/g) 

(tru6c chuyjn 

pha) 

54 

66 

70 

Ms (emu/g) 

(sau chuyen pha) 

58 

69 

75 

NGHlfeN ClTU m%V UTVG DOT N 6 N G CAM iTNG TlT MIH 

Cdc hat tir cd tir dp bao hda Ms, kich thudc don do men khi dat trong tii trudng 
xoay chidu cd cudng dp Ho va tdn sd f se hap thy lupng ndng lupng P dd sinh nlii?t eye 
bd. Hidn tupng ddt ndng tir ban thdn cdc hat nano tir ndy gpi la dot ndng cdm ung tii, 
hay gpi ngdn gpn la ddt tir theo ten tieng Anb la MIH. Cd 3 co che ddng gdp cho cdng 
suit tdng P, gdm ca chd tir tre Ph va 2 co chd hdi phuc, do la hdi phyc Neel PN va ĥ i 
phyc Brown PB: 

P = Ph + (PN+PB) = Ph + Pre1 (4) 
Trong trucmg hi?p hat nano til co luc khang tix rat be va/hoac cucmg dp til 

trucmg do Hotat be, phan don^ gop ciia ton hao tii trj co the bo qua. Dong gop cua cac 
ton hao hoi phuc lien quan den tucmg quan giiia tin so f, hay noi chinh xac hon la chu 
ky 1/f cua tu trudng voi cac thoi gian h6i phuc % va TB. Vol hat hinh ciu co thj tich 
loi tir V, va di hucmg tir K, the tich ca vo VH, tao keo trong chat Idng c6 d$ nhdt t): 

^4£_ sxp(KV/k,T) 

. JfWjL 
"' k.T 

(5a) 

(5b) 

Trong truong hpp ca hai qua trinh hoi phuc cung dong gop vao tjn hao sinh nhiet, 1 
CO the dung tham so thoi gian hoi phuc hieu dung x. 

T = ^Ji^i-(5c) 

dua vao cong thiic chung cho tjn hao hdi phuc: 

2a-/i-
P-mHlfjc 

l + {2!tfT 
(6) 

dd xem xet cac ydu td dnh hudng cac tham sd d ^ tnmg cua vdt lieu vd mdi tmong 
chat long tii. 

Cdng suat tdn hao Y^i phy thupc kich thudc hat da dupe Rosenweig [18] tinh 
todn cho hat Fe304 vd chi ra sy tdn tai mpt gid tri kich thudc dac trung dc ma t̂ i do P 
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cd gia tri cue dai P,^^ vd gid tri ndy gidm nhanb theo ca bai phia d tang va d giam. 
Nhdm nghidn ciiu chiing tdi da tidn hanh tinh toan tuong ty cho tdt cd cac loai hat nano 
tir cd trong Bang 1. Cbiing tdi thdy rdng, kich tiiudc dc tiiay ddi trong mdt cung rpng tir 
34 nm cho FeCo xudng 9 nm cho hat nano ferrit Coban. Bidn sd mang tinh quy luat d 
ddy Id dc gidm don didu theo chidu tang ciia dai luang di hudng tir K. 

100 120 140 160 18 
K (hJ/m3) 

Hinh 5. Stephu thugc cua SLPrei vdo K cita 
h$ chdt long tir nen hgt CoFe204 & cdc kich 

thir&c: 6 nm, 19 nm vd 26 nm. 

Tinh toan cdng sudt tdn bao P phy thudc tir dp cho gdn hdt cdc chdt trong Bang 
1 cho thdy, cdng suat tdn hao bdi phyc tang tuydn tmh vdi chidu tang ciia M. Cdc 
nhdm chdt cd K cao va K thap cho cac he sd mydn tinh khac nhau [19]. Theo quan 
diem 2 kdt ludn thu dupe tii tinh toan vd dich chuydn kich thudc tdi uu vd bien ddi 
theo tir dp ndy va dua trdn cac dac trung quan sdt tii thuc nghiem ciia hat nano tir dd 
cap bong muc 2, ta thay rang do ddng gdp cua K bd mat vimg dc ciia cac vat li$u hat 
tu se bi ddy xudng thdp hon so vdi vung ly tudng trinh bay trdn Hinh 5, va gid tri P„^ 
ciing bi suy giam do cd ldp chdt tii. 

Chiing tdi ciing da tinh toan anh hudng ciia dp rpng phdn bd bat len vide suy 
gidm cdng sudt ddt tu va thdy rang vdi gid thuydt dudng phdn bd theo ham Gauss, chi 
vdi o = 0,15 Proax da gidm ddn gdn 50% trong trudng hop hat tir K tbap MnFe204 
nhung phdn bd ndy lai lam gidm khdng dang kd Pmâ  b-ong trudng hpp hat tir cd K cao 
CoFe204. Dieu ndy cho thdy dd cd the chd tao dupe hat nano tir cbo cdng suat ddt ndng 
toi uu thi ngodi ydu cdu vd kich thudc hat cdn dat dc cho gia tri K thyc td, dieu kien chd 
tao vd bpc lam sao dd tii dp bao hda suy giam it nhdt, van can thdm didu kien hat phdn 
bo phdi ddng deu. 

Vdi cdc nhan xet tu cdc nghidn ciiu tinh todn vd bdn ludn tren ddy, chiing ta 
thdy rdng vide kidm chiing bang thyc nghiem su phu thudc cdng suat ddt ndng cdm 
ling tir vao mdt tham sd nao dd cua vat Hdu la khdng dl dang thuc hien, bdi vi khi 
che tao cdc tham sd M, K, a vua phy thupc theo kich thudc hat d va cdn phy thudc 
nhau mdt each khd pbiic tap, chua ndi ddn vide cac phy thudc nay cdn tiiy thudc 
vdo phucmg pibap chd tao niia. Chiing tdi da lya ebon mpt van dd mang tinh dinh 
tinh dd cd thd thyc hidn phep so sanh thyc nghiem vdi tinh todn ly thuydt, do la 
xem xet sy phy tbupc tir dp M tiiy thupc vao tham sd dp nhdt y\ trong 2 loai hat 
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nano tii CoFe204 (CFO) va MnFe204 co do di hudmg tit khac nhau djn gin 100 ISn 
(Bang 3) [20]. 6 thi nghiem nay, dj giii cho K khong d6i ma thay doi M chiing toi 
da thay dji lugng chat boc alginate phi tir. KJt qua tinh to4n (Hinh 6) va thirc 
nghiem (Bang 3) cho thSy: ddi vdi vat lieu MFO cd di hudng tii K be cdng suit djt 
tdn hao rieng SLP (ty le thuan vdi P) hiu nhu khdng phy tiiudc vao dp nhdt, uong 
khi ddi vdi vat lieu CFO c6 K Idn thi cdng suat tdn hao hdi phuc rat khac bi$t khi 
tham sd do nhdt chat long tii la 1 hay 2 mPas. 

Bdng 3.Thuc nghiem so sdnh cong sudt ton hao cho 2 he CUT 

CoFeiOi vd MnFeiOi-

Miu 

CFO-Sl 

CF0-S2 

CF0-S3 

CF0-S4 

CF0-S5 

^lj±exp 

(f/g) 
ImPas 
31.3 

27.7 

27.5 

23.9 

23.5 

(W/g) 

2mPas 

26.5 

21 

20.3 

19.6 

14.9 

M, 

(emu/g) 

77.4 

66.1 

64.7 

61.9 

59.8 

Mau 

MFO-Sl 

MF0-S2 

MF0-S3 

MF0-S4 

MF0-S5 

SLP^ 

(W/g) 

ImPas 

31.3 

27.7 

26.5 

23.6 

20.3 

(W/g) 
2mPas 

30.9 

27.6 

27.5 

23.1 

19.6 

(emu/g) 

72.4 

68.1 

67.5 

65.8 

62.9 

CT = 0.18, d (CFO) = 25 nm, d(MFO) = 21 mn, K(CFO) = 290 kJ/m", K(MFO) = 
3 kJ/m'. 

Trong thuc nghiem, gia tri tdn hao rieng SLP dugc tinh theo cdng thuc: 

5ip = c(5f(7) 
CJ day nis vd m] tuong iing la khdi lupng hat tir vd chat Idng, C Id nhidt dung 

ridng ciia chdt Idng tii vd dT/dt la do ddc gia nhiet ban ddu. Trong giai do^n tir 2009-
2014 chung tdi da xay dyng mpt be do dudng cong gia nhipt vdi tir trudng xoay chieu 
tao ra trdn cupn day cd dudng kinh npi khodng 3 cm, cudng dp eye dai 100 Oe, tan so 
tii 170-220 kHz, do nhiet dp do bang ddu dd bdn ddn (Hinh 7). H$ do ndy hidn nay 
dang duac nang cdp vd cdng suit may phdt dd cd the ndng tir trudng Idn ca 400 Oe 
trong khi van giii tan sd d cap 100 kHz. Myc dich cua ndng cap nay la cd thd tien hanh 
thdm cdc nghidn ciiu bidu iing MIH cho vat lieu hat cd lyc khdng tir cao vdi tram Oe, 
hoac nghidn ciiu hidn tupng dot ndng trdn vdt thd cd dudng kinh rpng ban 3 cm. Vdi 
he do hien cd, chiing tdi dd tidn hdnh nhidu phep do dudng cong gia nhipt, danh gia 
cdng sudt tdn hao ridng cho nliidu chdt long tu da cbe tao [21-33]. Hinh 8 Id vi dy ve 
kdt qua do dudng cong gia nhiet cho mdu chdt long tir Fe304 bpc copolymer PAA-St 
theo cac ndng dp chat long khdc nhau. 

Luu y rang, do vi cac so lieu do MIH cdng bd cua cac tdc gid khdc nhau thuc 
liidn trdn cdc he do cd tham sd tir trudng cd cudng dp Ho va tin sd f khdc nhau, ngirdi 
ta phdi diing dai lupng cdng suit ton hao npi ILP (intrinsic loss power - ILP] thay cho 
SLP (specific loss power) dd cd the so sanh cdc sd lieu thu dupe. Cdng sudt ton hao 
npi dupe dinh nghia: 

ILP = SLP/(Ho^ f) (8) 
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•— CFO-ImPas 
• - • - CFO-2mPas 
-<>-MFO-lmPas 

• MFO-2mPas 

Hinh 6.SLP phu thugc vdo Ms cua hai Ap CFO vd MFO 
dngv&i hai do nh&t ImPas vd 2mPas. 

-*• nhiet k^ 

CM FY*—*-# — > • napddy 

binh mSu 

mau 

0 p- cupn dSy 

• cdm ung 

(a) 

- • vd binh thuy 

tinh 
(b) 

Hinh 7.He thiet bi do hieu img dot tir. 

:200 HOD ISOO 

Hinh 8. Dir&ng dot tir cho phirc hi Fef04@PA4-Si v&i nong dg khdc nhau. 

305 



Tiiu ban: Khoa hgc Vit Itgu 

MQT SO NGHIEN ClTU DJNH HtTCRVG tTNG DUNGCHAT LONG TtT 
CHO Y SEVH 

06 hoi phuc CHTHN va irng dyng tang tuvng phan MRI 

Chit long hat sidu thuan tir da dupe quan tam nghien ciiu dd lam chat tang 
tuang phan anh CHTHN bi gdn hai chyc nam nay. Cdc chit tuong phdn dnh MRI co 
tac ddng gidng nhau la lam tang gid tri tin hidu trong chd dp chyp anh bpng T] (tdng 
tdc dp hdi phuc dpc Ri) va 1dm giam tin bidu chd dp chyp trpng T2 (giam tdc dp ĥ j 
phuc ngang R2). Tuy vay, kha nang tang bay giam tin bidu nay lai phu thupc vao dO 
hdi phyc r, ( i = 1,2, tucmg ung cho hdi phyc dpc va hdi phyc ngang) ciia timg chat 
Idng tir cy thd. Dp hdi phyc r, cua cdc chit Idng tir cd thd xdc dinh hi quan he tuy^ 
tinh giua tdc dp hdi phyc R̂  vdi ndng dp Cx cua ion tir trong chdt long pha loang. 

R^ = R° + c^.Ti (9) 

Chiing tdi da hpp tdc vdi mpt phdng thi nghiem d Dai hpc Ddng Bac (NEU- Boston, 
Hoa Ky) dd tidn hdnh phep do xac dinh dp hdi phyc CHNHN r, cho 3 loai chdt Idng tiJ 
ldi hat Fe304 bpc/chiic nang khac nhau: Fe304@ dextran, Fe304@PAA-PE^| 
vdFe304@PAA-PEG/Curcumin. Phep do duac thyc bipn trdn may Bruker vdi tu 
trudng 1 chidu 7 Tesla va tii trudng xoay cliidu tan sd 300 MHz. Hinh 9. Trinh bdy cic 
dudng phy thupc cua tdc dp bdi phyc dpc R] vd ngang R2 cita 2 mau bpc copolymer 
khdng (SI) vd cd mang (S2) nghp. Gia tri dp bdi phyc ri tinh dupe dupe sdp ttong 
Bang 4. Tir bdng nay ta thdy rang ca 2 chat Idng tu bpc copolymer ciia chiing tdi cho 
dp hdi phyc dpc kem ban cdc chat tuong pham Resovist vd Feruraoxytol nhxrag deu c6 
dp bdi phyc ngang cao hon ban gia tri ciia cdc chat thucmg pham nay. Nhu v$y, diing 
nhu mong mudn, chit Idng tii ndn hat Fe304 sieu thuan tii ciia chiing tdi cd thd sir dpg 
rdt tdt nhu chat tdng tuong phdn chup dnh MRI theo che dp trpng T2. 

1.0203X + 0.1919 
R̂  = 0.9801 

33X + 0.17S9 
R̂  = 0.9868 

Concentration (mM) 

400 
350 
300 
250 

MO 
:gb 
100 

50 
n i 

-50 C 

• PLA- Y = 364.75X - 8.9358 
R' = 0.9913 T 

W^V = 228.74X + 5.9717 
R* = 0.9804 

0.5 1 1.5 

Concentration (mM) 

anh 9. Toe do hoi phuc doc (a) vd ngang (h) do cho 2 mdu SI (PLA-PEG) vd S2 (PLA-
PEG}/Cur. 
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Bdng 4. Kit qud tinh todn dg hdi phuc ri. r2 vd ty so ri/r2 
cho 2 mdu SI vd S2 vd cdc chdt so sdnh. 

Miu 
SI 

S2 

Resovist 

Ferumoxytol 

r l ( m M s ) ' 

1.02 

0.91 

9.7 

15 

r2 (mM s ) ' 

364.75 

228.74 

189 

89 

r,/r2 
0.002796 

0.003978 

0.0513 

0.016739 

• tTng dung hif u irng MIH cho nhiet tir t r i ung thu-

Tlii nghiem ex-vivo cho tir nhipt tri dxtgc tidn hdnh vdi CLT Fe304@Styrene va 
ddi vdi loai td bdo ung thu (TBUT) Sarcoma 180. Vi nguong ddc cua CLT nay ddi vdi 
Sarcoma 180 Id 10, chiing tdi chpn cho cac thi nghiem sinh y nay ndng dp < 1 
ng/TBUT Sarcoma 180. Mdu ddi chiing hat tii vdi cung lupng TBUT, duac chieu 
trong thdi gian (2 gid), tai cung tii trudng (140 Oe/184 kHz) cho thdy cdc TBUT 
Sarcoma khdng bi chdt do tir trudng chidu. Ddi vdi dich sinh hpc cd ndng dp hat tir 
tten TB nhd hon Ing/TBUT va ndn^ dp hat tii MNP/ST trong dung mdi Id 3mg/ml, da 
quan sat dupe qud trinh TBUT bi chdt khi duoc chidu tir trudng. Cac tham sd tir trudng 
va ndng dp CLT ndy da dupe chpn dd nhiet dp ddt dat khodng 41°C (Hinh 10 a). Td 
bao ung thu bi chdt nhu vay Id do nhiet dp tang khi hat nano tir hap thu nang lupng tir 
tir trudng xuay chieu chidu tii bdn ngoai. Td bao bi chdt thd hidn mdu xanh trdn dnh 
dupe chyp trdn kinh hien vi quang hpc ddng tidu. Bang each ddm nhanh sd TBUT hi 
chdt tai cdc thdi didm ngdt chieu tir 10-30' trong tdng thdi gian 2-10 gid chiing tdi da 
xdc diiih dupe ty Id TBUT bj giet chet bdi qud ti-mh tii nhiet tri (Hinh 10 b). Kdt qua 
cho thay vdi thdi gian chidu tdng cpng khoang 100 phut, cdc TBUT hi tieu diet 100%. 

Hinh 10.S6TBUT bi chet tdng theo thdi gian chieu tic. 

Thi nghiem in-vivo cho tir nhiet tri img thu ciing dd duoc tidn hanh vdi CLT 
Fe304@St vd loai ung thu md lien ket Sarcoma. U ung thu duoc ghep trdn chupt nhdt 
trdng Swiss tai Nhdm img thu thyc nghiem, Khoa Smh hpc, DHKHTN Ha Ndi. Tbi 
nghipm didu tri bdng phuong thiic tiem true tidp chat Idng tii vdi khdi lupng 0,3 -0,4 
mg \'ao khdi u cd kich thudc 6x6 mm" (udctinb de nhiet dp dat 40-50°C) vd dung tir 
tmdng (nhu ti-ong thi nghiem ex-vivo) ciia be MIH ciia Vien KHVL dd chidu didu tri 
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bing lieu phap gia nhiet. Hinh 11 trinh bay anh khdi u cua chupt ddu trj vdi lidu chdt 
Idng tir 0,4 mg (chupt D) vd chupt ddi chiing A (cd tidm CLT khdng chidu tir trudng) 
chyp theo 3 thdi didm thdi gian: ngay ddu tidn, sau 7 ngdy vd 21 ngay.Dl dang nĥ n 
tiidy ring vide didu tri bdng chieu tir gia nhi$t da lam cho Ididi u ddng vay (ngay thii 7) 
vd teo bidn sau 3 tuin; trong khi u d chupt ddi chiing vdn phdt trien lam cho nd tii vong 
sau 4 tuan. 

Cont A:Date 7 Cont. A:Date21 

Trcat.D: Date 0 Treat.D:Date21 

Hinh 11. Anh uchugl dieu tri bdng chieu tir gia nhiet (D) so v&i chugtdoi 
chimg (A). 

Hd MNP mang thuoc curcumin 

Curcumin (Cur) la mdt chat hiiu co dupe cbidt tir nghe nay dupe bidt cd nhieu 
dupe tinb quy kd cd khd nang didu tri ung thu. Ngoai tinh nang didu trj ra, curcumin 
cdn td ra la mdt chat huynh quang manh cd thd dimg lam ddu dd quang 6.h theo doi 
dudng di cua thudc. Vide xdc dinh ndng dp phan tir thudc nay ciing da bidt la kha dcm 
gidn, bang phuang phap do phd UV-vis Idid phd bien. Nhdm nghien ciiu da chpn 
curcumm mang len nhidu phiic he vdi loi hat nano Fe304 bpc bdi cdc chdt hiiu co khac 
nhau, nhu: acid oleic (OL), alginate (Alg), copolymer ludng tmh (PLA-PEG) vd loai 
polymer nhay nhiet n-isopropylacrylamide - c o - acrylic acid (NA) [23, 27, 28, 31, 
34]. Vdi dac tinh huynh quang manh, he Fe304@OL/Cur da dupe chiing tdi chd tao va 
nghidn ciiu khd ndng nhap bao (dai thuc bdo) vd khd nang xdm nhap khoi u bdng 
phucmg phdp chup dnh kinh hidn vi quang hpc ddng tidu [27]. Chung tdi da chd tao'̂  
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thdnh cdng he Fe304 bpc bdi Algmate Fe304@Alg cd tir dp 60 emu/g va be cd mang 
curcumin Fe304@Ag/Cur vdi tir dp khodng 40 emu/g. Cac mau pbiic he nay da dupe 
nghidn ciiu lam dau dd cho cdm bidn GMI [32, 33], Hai phiic he nay da duac chiing tdi 
khao sdt cdng suit tdn hao ridng SLP, sau dd tien hdnh dpng hpc nbd thudc vd tac ddng 
didu tri ciia chiing. Hinh 13 cho thdy, vdi vide sir dyng hieu iing dot ndi cd thd tidn 
hanh nha thudc hidu qud bang tac ddng cua tir trudng xoay chidu AMF tir bdn ngodi. 

Hinh ll.Qud trinh nhd curcumin cua hi 
Fe304@Ag/Cur trong dieu kien khong dot tie vd 

ddt tir 

Hinh 13. Ty li TBUT chit tai cdc ih&i diem khdc 
nhau sau khi dot tir v&i CLT co vd khong co 

curcumin. 

Tbi nghiem ex-vivo vdi td bdo ung thu Sarcoma 180 duac nhiet tir trj vdi 2 chdt 
Idng tii Fe304@Alg vd Fe304@Ag/Cur (Hinh 13) cho thdy h? cd mang thudc cho bidu 
ling diet td bdo ung thu nhanh ban so vdi he khdng mang thudc. Didu ndy ndi len rdng 
thudc curcumin da cd tac dung hd trp thdm cho Hdu phdp nhiet tir tri. 

Vdi he Fe304 bpc copolymer PLA-PEG kdt qud khao sat dp phdng thich thudc 
t^i 37°C cho thdy vdi vide sy dung bidu iing ddt ndi (ngudn nhiet tir bdn than cac hat 
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nano) thong qua viec bat tCr tmong ngoai qua trtnh nha thuoc nhanh hon ca vai chiic 
l§n so vcri u nhiet tir ben ngoai (Hinh 14). KSt qua nay 1 In niia khSng dinh tijm naag 
diSu khito qua ttmh nha thu6c ciia cac he mang thufic nin h?t nano til. 

/ 

Hinh 14. Btrdng phdng thich curcumin tic he Fe304@PLA-PEG/Cur bang nhigt dot 
tir (a) vd u nhigl ngodi tai 3TC (b) [34]. 

Mpt khd nang niia cd thd bd sung cho phuang phdp didu khidn qud trinh nha 
thudc bang ngudn nhiet ndi ndi trdn la sii dyng hidu iing co gidn cua polymer nĥ y 
nliiet. Nhdm cbiing tdi da budc ddu cd thd chd tao polymer nhay nhiet loai Poly (n-
isopropylacrylamide -co - acrylic acid) (NA), cd nhiet dp dung dich tdi ban LCST t?i 
vimg 41°C (Hinh 15a) vd dudng dot tir cho thdy nhiet dp bao dat khd cao vd dd giao 
ddng tdc dp tang nhiet trong vung 35-50°C (Hinh 15b). 

s -l''-'-'̂ . 
1-

- . - T G A 

. c ^ 

1 

\ 

1 

.m 

» 

J , . 

r m 

< M 

,e 
J « 

,-

o" 

iP 

Temp (C) 

a) 

200 400 eoo SOO looo 120a 1400 1 

Hinh 15(a). TGA dSddnh gid nhi?t do LCSTvd (b) tdc do gia nhiet cda polymer 
nhay nhiet NA [23]. 
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KETLU^N 

Nhdm nghidn cuu da sir dung nhidu phuong pbap ly-hda Ididc nhau dd che t£io 
thanh cdng cac vat lieu hat nano tii thupc nliieu loai thdnh phdn, nhit la hat nano 
Fe304. Da nghidn ciiu sy suy gidm tir dp lien quan ddn ldp chdt tir ciing nhu ddng gdp 
cua di hudng tir bd mat lam gia tang dang ke di hudng tir hidu dyng trong cdc loai hat 
nano manganit va Fe304. Da nghidn ciiu quy trinh cdng nghe bpc hat nano oxit sat 
bdng cdc loai vat lieu hiiu co nhu oleic acid, cdc polymer ty nhidn va cac copolymer 
ludng tinh tdng hop. Ddi vdi mdt vdi vdt lieu nhu alginate, copolymer PAA-PEG, cd 
the tun dupe ty phdn chdt bpc va quy tiinh bpc dd bdo tdn dupe tu dp phiic be sau bpc, 
nghia la 1dm tang dupe tir dp ciia hat Fe304 so vdi gia tri trudc khi bpc. Da tinh toan 6k 
cd the cd each nhm toan dien vd dnh hudng qua lai ciia cdc tham sd hat nano tii nhu tir 
dp bao bda, di budng tir, dp rdng phan bd hat len cdng sudt tdn hao hdi phuc. Chiing 
minh dupe ca bang tinh toan ly thuydt va tbuc nghiem vdi hai he hat nano ferit spinel 
cd di hudng tii rat Idn vd rat be. Ddi vdi hd K nhd cdng sudt tdn hao hdi phyc hiu nhu 
khdng phu thudc dp nhdt cua chdt Idng tii, trong khi dd ddi vdi loai hat nano K Idn 
cdng sudt tdn hao gidm manh theo chidu tang cua dp nhdt. Do dac dp hdi phuc 
CTiTHN cho thay mpt sd chat Idng tir sieu thuan tir chd tao duac the hipn dp hdi phuc 
ngang RT cao trdn 200 (mM.s)"', ndi len rang cdc chat nay cd thd lam chat tang tuang 
phdn trong chup anh MRI trpng T2 dupe. Mat sd tbi nghiem sitih y ban dau cho thdy 
hipu ling ddt ndng cdm iing tii cd tdc ddng diet td bdo ung thu rd rang, khi kdt hpp 
nhiet tit tri thi chat thudc mang cung tang thdm hidu ndng didu tri benh nay. Hieu iing 
dot tir ciing chiing td cd tbd su dyng nhu ngudn didu khidn nhd thudc tii xa cd dp nhay 
va hidu nang tdt ddi vdi hp mang thuoc nano loi bat tir. Thdi gian tdi du kidn se tap 
tmng nghidn ciiu ve dp dn dinh chat Idng tir, ciing nhu tac dpng tang tuang phdn dnh 
MR] trp giiip cho vide chdn dodn benh ung thu. 
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LOI CAM ON 

Cac tac gia chan thanh cam on sy tai trp nghidn ciiu ciia cac dd tai: trpng diSm 
2009-2010 cdp VHLKHCNVN, NCCBDHUt) ma sd 04/02/742/2009 HD-DIBL, 
DT.NCCB-DHUt)-2012-G/08 va dd tai hpp tac qudc td AFOSR-No.FA238614-l. 
2015. Cdm on Phdng thi nghiem trpng didm ciia Vien Khoa hpc Vdt Ueu da cho phep 
tidn hanh mdt sd cdc phep do nghidn ciiu quan trpng. Xin chan thanh cam on sy quan 
tam vd khich Id ciia GS.VS. Nguydn Van Hidu ddi vdi cac nghidn cuu cua de tai. Cac 
tdc gid ciing bdy td ldi cdm on chan thdnh tdi nhidu ban trd trong cdc tap thd Phdng Vat 
lieu Nano Y smh, Phdng Vat ly Vdt lieu Tir va Sieu dan (Vien KHVL), Trung tam ung 
thu thuc nghiem (DHKHTN Hd Npi) vd TS. Ld Trpng Lu dd tham gia ddng gdp trong 
nhidu thi nghiem nghidn ciiu va thao luan kdt qud. 
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