Nghién ciiu tao ché& pham nano vang/carboxymethyl chitosan
bang k{ thuat bic xa (ing dung l1am chéat chéng oxy hoa

Lé Quang Luan", Nguyén Thanh Long?, Nguyén Hai Nam?®, P Thi Phuong Linh*

"Trung tm Hat nhan TP H6 Chi Minh
2Cong ty Vacxin va Sinh phdm Nha Trang
3Cong ty Bia Dung Qudc
“Vién Sot rét - Ky sinh tring - Con tring Tp H6 Chi Minh

Ngay nhan bai 20.3.2015, ngay chuyén phan bién 26.3.2015, ngay nhan phan bién 6.5.2015, ngay chdp nhan ding 11.5.2015

Cac ché pham vang nano c6 kich thuéc 5 2; 6,7 va 7,3 nm duogc tao ra bang phuong phap chiéu xa tia
gamma cac dung dlch Au** (HauCl,) ¢6 nong do twong wng l1a 0,25; 0,5 va ImM sir dung carboxymethyl
chitosan lam chit 6n dinh. Cac dac trung quang hoc va kich thwéce hat cia ché pham vang nano dwgc
xac dinh bing phwong phap do phé UV-Vis va chup anh TEM. Hoat tinh chéng oxy héa ciia ché phadm
vang nano & cac nong d 0,025-0,5mM ciing dugc xac dinh bang phwong phap sir dung chit by goc tw do
ABTS (dé danh gia kha nang chéng oxy hoa ciia AuNPs) va két qué nhan dugc cho th{ly, khi n(‘)ng do vang
nano cang cao thi hoat tinh chong oxy hoa cang cao va thoi gian phan &rng xay ra cang nhanh. (4] nong do
0,375mM, hoat tinh chong oxy hoéa cia ché pham vang nano dat hi¢u qua cao nhit chi trong 3-5 phit. Hoat
tinh chong oxy hoda ciia vang nano c¢é xu hwéng tiang din theo thoi gian va cao hon so véi acid ascosbic &
cung nbng do sir dung. Cac két qua dat dwgce cho théy, ché phém nano Vang/carboxymethyl chitosan tao
dugc theo phwong phap chiéu Xa nay cé thé dugce sir dung lam nguyen liéu tiém nang dé san xuat cac san
pham chong oxy hoa dung trong cac nganh cong nghiép dugc pham, thue pham chirc nang va my pham

Tir khéa: ABTS, carboxymethyl chitosan, chit chong oxy héa, chiéu xa, vang nano.

Chi s6 phén loai 2.9

Dat van de

Nhiéu nghién ctru cho thy, vang nano c¢6 tng dung
rat rong rai trong nhiéu linh vuc khac nhau. Trong my
pham, vang nano c6 tinh chéng oxy hoa rat manh va
dugc bd sung vao cac san pham chim soc da dé loai
bo cac gbe tu do va e ché cac phan tmg oxy hoa gitip
tré¢ hoa da hi¢u qua. Trong rng dung cong nghi¢p, vang
nano c6 thé dugc sir dung lam xtc tac hiéu qua hay phu
dién cuc giup chong (oxy héa va an mon. Trong y hoc,
vang nano c6 ai luc rat 16n véi cac té bao ung thu chinh
vi vy chung dugc tng dung dé chan doan va tim soat
khdi u hodc 1am chét dan truyén thude diéu tri ung thu.
Vang nano da dugc chimg minh 13 ¢6 kha nang hap thy
anh sang va chuyén hoa toan bo ning lugng nay thanh
nhiét trong thoi gian gan nhu tirc thi (~10-2 gidy) va
do d6 nhiéu cong trinh nghién ctru Gmg dung bic xa
laser budc séng ~520 nm, birc xa laser can hong ngoai
budec song ~800 nm dé kich thich 1am néng hat vang
nano sau khi da dugc hudng dich, tap trung dén cac md
ung thu can diéu tri [1-3]. Cac nghién ctru méi ddy cho
thiy, khi xa tri két hop tiém nano vang thi c6 thé tiéu

*Tac gia chinh: Tel: 0913711223; Email: lequangluan@gmail.com

TAP CHI

HOA HOC

ONG NGHE I} Nam 3(11) 11.2015

diét dit diém khdi u trong thoi gian ngin [4-8].

Vit liéu nano chu yéu dugc ché tao bang phuong
phap tir trén xudng (top - down) va phuong phap tir
dudi 1én (buttom - up). Phuong phap top - down la
phuong phap tao vat li¢u co kich thudc nano tir vat
liéu khdi ban dau hay tr hat c6 kich thude 16n hon
béng cach nghién co hoc, an mon laser, dién phan két
hop siéu am... [9]. Phuong phéap bottom - up la phuong
phap tao cac hat nano tir cac ion bang nhiéu cach khac
nhau nhu khir héa hoc (dung cac tac nhan hda hoc nhu
citric acid, vitamin C, NaBH,, con, ethylene glycol dé
khtr ion kim loai thanh kim loai [10]); khir vat 1y (dung
cac tac nhan vat ly nhu dién tu, song dién tor nang
luwong cao nhu tia gamma, tia tir ngoai, tia laser khir ion
kim loai thanh kim loai [9]); khtr hoa Iy (két hop ca vat
1y va hoa hoc nhu dién phan két hop véi phuong phap
siéu &m dé ché tao cac hat nano, day nano, 6ng nano,
bot nano...) va khur sinh hoc (sir dung cac tdc nhan
nhu nam, vi khudn, virus c¢6 kha niang khir ion vang tao
nguyeén tir vang kim loai [11, 12]).
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PREPARATION OF GOLD/
CARBOXYMETHYL CHITOSAN
NANOPARTICLES BY RADIATION
TECHNIQUE FOR APPLICATION

AS AN ANTIOXIDANT

Summary

Gold nanoparticles (AuNPs) with the sizes
of 5.2, 6.7 and 7.3 nm have been synthesised
by vy-irradiation of Au*" solutions with the
corresponding concentrations of 0.25, 0.5
and 1.0mM using carboxylmethyl chitosan
as stabiliser. The optical characteristics and
particle sizes of AuNPs have been determined
by UV-Vis spectra and TEM images respectively.
The antioxidant activity of AuNPs has been
investigated at the concentrations of 0.025mM
and 0.5SmM using ABTS scavenging activity. The
results have shown that the higher concentration
of AuNPs displays the stronger antioxidant
activity and the faster reaction time. The highest
antioxidant activity has been found at the
concentration of 0.375SmM within 2-3 minutes.
The antioxidant activity of AuNPs increases by
the increase of reaction time and is higher than
that of ascosbic acid. Thus, gold/carboxymethyl
chitosan nanoparticles prepared by y-irradiation
method can be potentially utilised for the
production of antioxidant products in
pharmaceutics, functional foods and cosmetics.

Keywords: ABTS, antioxidant,
chitosan, gold nanoparticles, y-irradiation.

Classification 2.9

carboxymethyl

Phuong phap diéu ché keo vang nano bang burc xa
gamma Co-60 c6 nhiéu thuan loi so véi cac phuong
phap khac [13] nhu phan @mg thyc hién trong diéu kién
thudng, hiéu suat cao; tao ra hat vang nano véi trang
thai 6n dinh va tinh khiét cao, khong bi nhidém ban boi
cac oxit kim loai nhu khi st dung cac phuong phap
khac, dé dang kiém soat kich thudc hat vang thong
qua diéu chinh suét liéu chiéu xa va ndng do cac chat
phan tmg. Thém vao d6, chiéu xa tia y 1a phuong phap
kha than thién voi méi truong, khong dé lai bat ky du
luong doc hai nao, c6 kha nang ap dung trén quy mod
16n va dap tmg duoc yéu cu san xuit sach. Qua trinh
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khir ion kim loai bang birc xa c6 thé duge kiém soat ma
khong can sir dung thira cac chét khir hay tao ra nhiing
san pham oxy héa trung gian khong mong muén trong
qua trinh san xuat. Muc tiéu cua nghién ctru nay la
nham tng dung cong nghé bic xa dé tao ra ché pham
vang nano c6 kich thudc hat nho duoc on dinh b'fmg
carboxylmethyl chitosan, mot san pham polymer tw
nhién tan trong nude va danh gid hoat tinh chong oXy
hoa cia ché pham nham huéng toi san xudt va u’ng
dung 1am chat chéng oxy hoa trong chan doan, diéu
tri ung thu.

Vat lieu va phuong phap nghién ciu

Vit liéu

Mubi vang hydrogen tetrachloroaurate (III)
trihydrate (HAuCl,.3H O) st dung trong nghién ctru la
ctia Merck, Pirc. Chét 6 on dinh carboxylmethyl chitosan
(CM-chitosan) do Koyou Chemical Industral Co. Ltd,
Nhat Ban cung cap. ABTS (3- ethylbenzothiazoline-
6-sulfonate) 1 cua Biobasic, Canada va cac hoa chit
tinh khiét khac nhu sodium persulfate (K,S,0,) 1a cua
Sigma, My.

Tao ché phim vang nano - CM-chitosan bing
phwong phap chiéu xa

Cac dung dich chiéu xa c6 néng do Au*tla 0,25;
0,5 va ImM 6n dinh trong CM-chitosan & cac nong
do 0,25; 0,5 va 1% duoc tao ra tu cac dung dich géc
(stock) 10mM Au** va 2% CM-chitosan theo cac ty 1€
phu hop v6i nude khir ion va duoc didu chinh dén pH
~ 8 bang dung dich NH,OH 2,5%. Tién hanh chiéu
xa cac hdn hop néu trén trong dai liéu 4-8 kGy bang
nguon xa gamma Co-60 SVST-Co-60/B tai Trung tam
Nghién ctru va trién khai cong nghé buc xa véi suét
lidu 13 1,3 kGy/h. Dung dich chita cac hat nano vang -
CM-chitosan tao ra dugc st dung cho céc nghién cuu
tiép theo.

Xdc dinh cac dac trung cua ché pham

Dé do phd tir ngoai (UV: Ultra Violet), cic mau
vang nano dugc pha loang trong nudc khir ion sao
cho nong d6 Au* 1a 0,1mM va tién hanh do trén may
quang phd UV-Vis (UV-2401PC, Shimazu, Nhat Ban).
Kich thude va phan bd kich thuéc hat vang nano trong
san pham chiéu xa duoc xac dinh bang phuong phap
chup anh hién vi dién tir (TEM: Transmission Electron
Microscope) trén thiét bi hién vi dién tir truyén qua
(JEM 1400, JEOL, Nhat Ban) theo phuong phép cua
Arya va cOng su [14].



Khdo sdt hoat tinh chéng oxy héa ciia ché phim
vang nano

Hoat tinh oxy hoa ctia ché pham vang nano dugc
x4c dinh theo phuong phéap st dung ABTS lam chat
c6 kha nang phan tng véi cac chit chong oxy hoa.
Dung dich gbc tir do ABTS™ dugc chuan bi bang cach
pha dung dich K,S,0, (7,4mM) v6i dung d1ch ABTS
(2,6mM) ¢ ty 1€ 1 1 va glu trong diéu kién t6i & nhiét
d6 4°C. 1 ml dung dich goc tu do ABTS™ duogc cho
vao 0,6 ml dung dich nano vang - CM-chitosan va tién
hanh do mat d¢ quang ¢ budc song 734 nm tai céc thoi
diém 1,3, 5, 10, 20, 30, 45 va 60 phut. Hoat tinh chong
oxy hoa dugc xac dinh theo phuong phéap ctuia Re [15]
va Thaipong [16].

Két qua va thao luan

Xdc dinh lidu chuyén héa bao hoa dé tao vang
nano - CM-chitosan

Két qua hinh 1 cho thay, sau khi chiéu xa thi cac ion
Au** trong dung dich bi khir thanh cac hat vang dang
nano va lam cho dung dich c6 mau do tim, déng thoi
¢6 dinh hép thy (r,,) dao dong trong khoang 510+526
nm (hinh 2). Bay la dinh hip thu cong huong plasmon
bé mit dic trung cua vang nano do sy dao dong cong
hudng gitra photon anh sang t&i voi electron ving dan
clia vang nano, hién tuong nay khong co d6i véi vang
khéi [17, 18].
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Hinh 1: dung dich Au’*/CM-chitosan trudc khi chiéu xa (trdi) va chéphﬁm
nano vang - CM-chitosan hinh thanh sau khi chiéu xa
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Hinh 2: phé UV-Vis ciia dung dich chita 0,25 (@); 0,5 (b) va ImM Au™*(c)
trong 0,5% CM-chitosan ¢ cdc lieu xa khac nhau
Liéu chuyén hda bao hoa la lieu xa ma tai do cac ion
Au’* trong dung dich chiu xa bi khir hoan toan thanh
AU’ (vang kim loai) va khi d6 mat d¢ quang (OD) dat
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gia tri cuc dai. Gia tri A va OD cua cac mau chiéu
xa & cac liéu khac nhau duoc trinh bay trong bang 1
cho théy, khi chiéu xa dung dich 0,25mM Au*"/0,5%
CM-chitosan thi A~ 510 nm va gia tri OD dat gia
tri 16n nhét (0, 6292) tai lidu xa 4 kGy va sau d6 giam
dan khi tang liéu xa Ién 8 va 12 kGy. Két qua nay cho
thdy, liéu 4 kGy chinh 1a lidu dich chuyén bdo hoa va
khi ting liéu chiéu thi cac goc ty do ‘OH sinh ra tir
cac phan tng phan ly buc xa s€ oxy hoa cac hat nano
vang vira tao ra thanh dang cum, lam giam s6 luong
hat vang nano va giam dé hép thu cua dung dich. Su
khac biét vé vi tri dinh hap thy gay ra c6 thé 1a do kich
thudce khac nhau cua cac hat nano vang - CM-chitosan
hinh thanh tai cac liéu chiéu khac nhau. Két qua bang
1 cling cho théy, ddi véi dung dich c6 néng do 0,5mM
Au**/0,5% CM-chitosan thi liéu chuyén bdo hoa ciing
xéc dinh dugc 12 4 kGy v6i dinh hap thy cuc dai 0,
~ 511 nm va gia tri OD = 0,7901. Trong khi do, doi
v6i dung dich 1mM Au*7/0,5% CM-chitosan thi liéu
chuyén bdo hoa 1a 8 kGy véi dinh hap thu cuc dai &
A~ 524 nmvagiatri OD = 1,0299.

Bang 1: d¢ hap thu (optical density) cua cdc ,ché’ phém nano vang - CM-chitosan
theo lieu chiéu xa

Miu Liduxa, kGy | X (nm) OD (A)
4 507,0 0,6292

0,25mM Au*/
0,5% CM-chitosan 8 510.0 0,5981
12 515,0 0,5498
4 511,0 0,7901

0,5mM Au’t/
0,5% CM-chitosan 8 S13,5 0,5569
12 516,0 0,4831
4 526.,0 0,9757

ImM Au¥/

0,5% CM-chitosan 8 524,0 10299
12 524,0 0,8591
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Hinh 3: anh TEM va do thlphan b6 kich thudc hat nano vang - CM-chitosan
tao dirpe tir cdc dung dich mudi vang trong 0,5% CM-chitosan véi nong dg Au*
lan It 1a 0,25mM (4, a); 0,5mM (B, b) va ImM (C, ¢)
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Mot trong nhimg cong cu duoc sir dung nhiéu va
c6 do tin cay cao dé xac dinh kich thude hat vang la
kinh hién vi dién tir truyén qua (TEM). Pay 1a thiét bi
nghién ctu vi cAu trac vat ran, sir dung chum dién tr
¢6 nang lugng cao chiéu xuyén qua miu vat rin mong
va sir dung cac thdu kinh tir dé tao anh véi do phong
dai cuc 16n. Anh chuyp tir kinh hién vi dién tir truyén
qua cho phép xac dinh duoc kich thudc ctia cac hat
nano. Trong nghién ctru nay, hinh anh TEM cua céac hat
nano vang - CM-chitosan tao dugc tir cac dung dich co
nong do Au** khac nhau va phan bd kich thudc hat ciia
chung dugc trinh bay ¢ hinh 3. D& dang quan sat thdy
cac hat vang nano tao dugc c6 dang hinh cau, véi kich
thudc tuong ddi dong déu va su phan bé kich thudc
hat 1a twong d6i hep. Kich thudc trung binh cua hat
vang nano trong san pham c6 xu hudng ting theo sur
gia ting cua nong do Au** trong dung dich chiéu xa.
Cu thé 13, & néng d6 Au** 0,25mM, hat vang nano tao
ra co kich thudc trung binh vao khoang 5,2 nm. Khi
tang nong do Au** 1én 0,5mM, kich thudc trung binh
hat vang nano ting 1én 6,7 nm va khi ndng do Au®*
dat ImM thi kich thudc trung binh hat vang nano la
khoang 7,3 nm. Ngoai ra két qua nhan dugc tir hinh 4
cling cho thiy, khi gia ting ndng do Au** thi gia tri OD
o gia tang Ién nhung A__ thay d6i khong dang ké. Két
qua mot 1an nita chimg minh rang, khi gia ting ndng
d6 Au* thi kich thudc hat vang nano trong san pham
tang 1én nhung khong dang ké, chinh vi vy, nong do
ImM Au3* dugce lua chon dé khao sat & céc thi nghiém
tiép theo.
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Hinh 4: phé UV-Vis ciia cic chéphé{n nano vang - CM-chitosan
tao duwrgc tir cac dung dich ¢é nong do Au’* khdac nhau
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Anh hwéng ciia nong dé chit on dinh dén kich
thuoc hat vang nano
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Hinh 5: anh TEM va do thi phdn b6 kich thude hat vang nano - CM-chitosan

duoc tqo ra tir cdc dung djch c6 chira ImM Av®* trong CM-chitosan

c6 nong do lan luot la 0,25% (A, a); 0,5% (B, b) va 1% (C, c)

Trong ché tao vang nano noi riéng va nano kim loai
n6i chung, chit 6n dinh c6 anh hudng rat 16n dén kich
thudc hat nano. Két qua nghién ctru nay cho thay, khi
tang néng d6 chat 6n dinh thi kich thudc hat vang nano
hinh thanh giam nhe (hinh 5 va 6). Cy thé 13, khi nong
do CM-chitosan & muc 0,25% thi kich thudc hat nano
vang tao ra la 7,6 nm va khi ting ndng d6 CM-chitosan
1én 0,5% thi kich thudc hat nano vang c6 xu hudng
giam nhe con ~7,2 nm va hau nhu twong dwong véi
khi str dung nong dd CM-chitosan 1%. Nhu vy c6 thé
théiy, khi st dung CM-chitosan lam chit 6n dinh thi sy
gia ting ndng do chét on dinh ciing nhu ndng d6 Au®*
khong 1am thay d6i nhiéu kich thuéc hat vang nano
trong san phém tao thanh va dé tao hat nano vang co
kich thudc ~7 nm thi n(‘A)ng d6 Au** 1a 1mM trong dung
dich CM-chitosan 0,5% la phu hop.
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Hinh 6: phé UV-Vis ciia cdc ch‘é’phd/m vang nano - CM-chitosan
tao duoc tir dung dich c¢6 nong do CM-chitosan khac nhau



Hoat tinh chéng oxy héa ciia ché phdm vang nano
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Hinh 7: hoat tinh chéng oxy héa ciia ché pham nano vang - CM-chitosan
0 cdc nong do khac nhau

Vang la kim loai c¢6 hoat tinh chéng oxy hoa rét tot
va hoat tinh nay cang dugc cai thién hon khi vang ¢
dang nano. Theo két qua cong bd ciia Esumi va cong
su [19], khi nghién ctru hoat tinh chéng oxy héa cua
vang nano cho thay, hoat tinh chdng oxy hoa ctia vang
nano cao hon 80 1an so vé6i acid ascorbic (mdt chat
chdng oxy hoa dién hinh). Két qua nhan duoc trén hinh
7 cho thay, hoat tinh chng oxy hoa ting theo thoi gian
va phu thudc vao nﬁ”)ng d6 ché phém nano vang - CM-
chitosan ap dung. Tuy nhién, sau 60 phut, hoat tinh
chéng oxy hoa cia cac ché pham vang nano & cac nong
d6 0,025-0,125mM van chua dat dén trang thai bao
hoa, du hoat tinh chdng oxy hoa cua ché pham vang
nano c6 néng do 0,125mM da dat 92,23%. Ddi véi
dung dich vang nano c6 ndng do cao hon (0,25, 0,35
va 0,5mM) thi hiéu qua chéng oxy hoa tdi da dat duoc
tuong ng sau 20, 5 va 1 phat. Nhu vay, ndng do dung
dich vang nano cang cao thi hoat tinh chéng oxy hoa
cang cao va xay ra cang nhanh, nhitng mau dung dich
vang nano & ndng do thap can phai c6 thoi gian phan
mg du dai dé dat duoc trang thai chong oxy hoa cao
nhat.
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Hinh 8: so sianh hoat tinh chéng oxy héa ciia ché pham nano vang - CM-chitosan
(AuNPs) va acid ascorbic theo thoi gian ¢ cung nong do 0,025mM (a);
0,075mM (b); va 0,125mM (c)
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Khi so sanh (kha nang duy tri hoat tinh 6n dinh phai
duogc so sanh gitra hoat tinh ngay sau khi tao dugc va
sau mot thoi gian bao quan nhét dinh) hoat tinh chong
oxy héa ctia vang nano va acid ascorbic & cting ndng
dd theo thoi gian nhan duogc & két qua nhu hinh 8. Co
thé thy rang, hoat tinh chdng oxy hoa ciia vang nano
¢6 xu hudng ting dan theo thoi gian, trong khi ddi voi
acid ascosbic 1a hau nhu khong thay d6i. Diéu nay co
thé giai thich 1a do acid ascorbic hoa tan hoan toan
trong nude, do d6 khi phan tng véi gbe tu do xay ra &
dang dong thé va sau khi phan tng thi cac phan tir acid
ascorbic khong con kha nang khir gbe tu do tiép duoc
nita trong khi phan Umg cta cac phan tir vang la phan
g di pha gitra hat vang nano dang rin véi gbc tu do
trong dung dich dang 1dng nén qua trinh sé& dién ra lau
hon. Tuy nhién, sau phan tng thi cac hat vang nano
van ton tai va tiép tuc phan g véi cac goc tu do khac
trong dung dich. Nhu vdy, hoat tinh chéng oxy hoa cua
ché pham nano vang c6 thé s& cao hon ciing nhu lau
dai va 6n dinh hon.

Két luan

Pi xac dinh duoc lidu chiéu xa bio hoa dé tao hat
nano vang - CM-chitosan bang phuong phéap chiéu xa
tia gamma tr dung dich chira Au®** trong khoang 0,25-
1,0mM, str dung chat 6n dinh CM-chitosan véi nong
d6 0,25-1,0%. Ché phém vang nano tao ra dugc cé
kich thudc nho (5,2-7,6 nm). Ché pham vang nano c6
néng doé 1mM trong 0,5% chit 6n dinh c6 hoat tinh
chdng oxy héa cao hon va bén hon so véi acid ascorbic
& cung ndng do s dung. San pham vang nano dugc
tao ra bang cong nghé birc xa co nhiéu wu diém va
duoc xem 1a loai nguyén lidu rat tiém ning dé san xudt
cac san pham chdng oxy hoa trong cong nghiép duoc
pham, thyc phdm chirc nang, my pham...
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