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SUMMARY

STUDY ON FABRICATION OF THE COLLOIDAL SOLUTION BASED
ON HIGH QUALITY SILVER NANOPARTICLES
TO ANTIFUNGAL ACTIVITY APPLICATION

In this paper, Ag nanoparticles ( Ag NPs) were successfully fabricated by the chemical reduction
method using tert-butylamine borane complex in the organic solvent at room temperature in which
poly(maleic anhydride-alt-1-octadecene) (PMAQ) was used as the phase transfer ligand. TEM images
show that Ag NPs with the average size below 10 nm were formed. The morphology, size and properties
of Ag NPs were controlled by varying reaction time. Result shows that the after encapsulated by
poly(maleic anhydride-alt-1-octadecene) (PMAO), the surface of Ag NPs becomes hydrophilic and
well-dispersed in water for at least 12 months. The colloidal silver solution presented considerable
antifungal activity performance against Aspergillus glaucus. These findings suggest that the silver
solution has potential for clinical applications.

Keywords: Ag NPs, the chemical reduction method, poly(maleic anhydride-alt-1-octadecene) (PMAO),
antifungal activity, Aspergillus glaucus.

1. MO PAU mot s6 azol [1-3]. Do do, viée ché tao cac
Trong nhitng nim gan day, tinh trang nhiém thu6c khang nim méi dé tranh nhimng tic dung
nim nghiém trong da gop phan dang ké vao phu cua nhitng thudc hién c6 dang tré nén cp
viéc gia ting ty 1¢ mic bénh va tir vong & thiét.

nhitng bénh nhan bi suy giam hé mién dich do Cac hat nano Ag voi phd khang khuin rong,
héa tri liéu ung thu hogc nhiém HIV. Hau hét chdng lai ca ching vi khuan gram dwong va
chc chat chéng nim hiéu qua hién nay dya trén gram am (bao gbm cac ching da khang) [4-6]
polyen, triazol hodc echinocandin. Tuy nhién, va do d6 ching c6 thé 1a mot tac nhan khang
viéc sir dung cac thudc chéng ndm nay thuong nim tiém nang [7]. Loi dung sy nhay cam cua
di kém v6i cac bién ching khac nhau nhu doc vi khuan véi cac ion bac [8], hé nano keo bac
tinh ctia amphotericin B va tdc dung phu cua da dugc nghién ctru nhu mot chét khang khuén
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tiém ning dé tiéu diét cac chung vi khuan
khang thudc va diéu tri cac bénh truyén nhiém
khéc. Ngoai ra, nano bac ciing c¢é thé dugc sir
dung dé diéu tri cdc bénh nhim ndm cho hiéu
qua cao va an toan hon so véi thude diét nam
tong hop [9]. Tuy nhién, tac dung chdng nim
cua Ag NPs con it dugc quan tdm, hién nay
méi chi 6 mot s6 it nghién ctru vé chu dé nay
[10]. Trong nghién ctru nay, chiing t6i st dung
phuong phap khtr hoa hoc trong dung méi hiru
co & nhiét d6 phong dé ché tao Ag NPs. Su anh
huéng cua thoi gian phan ung dén qua trinh
hinh thanh nano Ag ciing dugc nghién ciru dé
tim ra diéu kién t6i wu. Ag NPs sau khi tong
hop duoc chuyén pha bang PMAO va khao sat
kha niang khang nim Aspergillus glaucus.

2. THUC NGHIEM

2.1. Héa chit

Céc hoa chit s dung trong nghién ciru déu 1a
hoa chét tinh khiét cua hiang Sigma-Aldrich,
v6i d6 sach > 99,9% gdm: bac nitrat (AgNO3),
oleylamin  (OLA), tert-butylamin  boran
(TBAB), etanol (C;HsOH), n-hexan (CesH14),
cloroform (CHCIs), 1-octadecen (ODE), natri
hidroxit (NaOH) va poly(maleic anhydrit-alt-1-
octadecen) (PMAO).

Nam Aspergillus glaucus (A. glaucus) do khoa
Vi sinh — Vién kiém nghiém thudc Trung wong
cung cép duoc sir dung dé thir hoat tinh khang
nidm, méi trudng MH (Mueller Hinton) dwoc
sir dung dé nubi cdy nam.

2.2. Téng hop Ag NPs
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Hinh 1. Minh hoa quy trinh ché tao Ag NPs
Cac hat nano Ag dugc tong hop bang phuong
phap khtr héa hoc stir dung TBAB véi sy cd mat
cta OLA trong dung m6i ODE ¢ nhiét d6 phong
nhu thé hién trong so dd hinh 1. Dung dich A
gdm 1,5 mmol AgNO3, 10 mmol OLA va 10
mL ODE duogc khudy tir dudi dong khi N; &
nhiét do phong dén khi tan hoan toan. Dung
dich B gbm 0,3 mmol TBAB; 1,5 mmol OLA
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va 0,5 mL ODE duoc rung siéu am trong thoi
gian 10 phuat 6 nhié¢t do phong. Nho tir tr dung
dich B vao dung dich A va duy tri trong thoi
gian 60 phlt. San phiam dugc rira bang dung
mdi n-hexan va etanol tir 3 + 5 1an dé thu cac
hat nano Ag.

2.3. Chuyén pha Ag NPs

Ag NPs duoc tong hop trong dung méi hitu co
bi bao phii mot 16p chat hoat dong bé mat OLA
do d6 chung phéan tan trong dung moi khong
phan cyc. Dé tng dung trong y - sinh thi ching
phai phén tan trong nudc. Do d6 Ag NPs sau
khi tong hop dugc chuyén pha. Quy trinh
chuyén pha Ag NPs dugc thuc hién nhu nghién
ctru trude cua ching toi [11]. Cu thé, 25 mg
Ag NPs dugc phan tan trong 0,5 mL
cloroform, rung siéu am tir 3 + 5 ph(t dé dam
bao cac hat phan tan déu. Tiép theo, cho 0,5
gam poly(maleic anhydrit-alt-1-octadecen)
(PMAO) vao 5 mL cloroform, rung siéu am tu
3 + 5 phat cho tan hoan toan. Tron hai dung
dich nay va&i nhau va rung siéu am trong 10
phit dé ching phan tan déu. Khay san pham ¢
nhiét d6 phong dén khi cloroform bay hét,
thém 6 mL dung dich NaOH 1M rdi tiép tuc
khudy tir cho dén khi phan tan déu. San phdm
sau khi chuyén pha dugc rira sach bang nudc
cAt nhiam loai b6 PMAO con du (qua trinh nay
lap lai nhiéu 1an) ta thu dugc cac hat nano Ag
boc PMAO c6 kha nang phén tan trong nudc.
2.4. Ky thuit xic dinh cdc dic trung cia Ag NPs
Hinh thai va kich thudc hat nano Ag dugc xac
dinh bang phuong phap hién vi dién tir truyén
qua (TEM) trén thiét bi JEM 1010 (Nhat Ban).
Pho UV-Vis cia cAc mau duoc ghi trén méay
quang phd Jasco V-670 (Nhat Ban).

2.5. Xac dinh hoat tinh khang nim ciia Ag NPs
Thi nghiém d4nh gia hoat tinh khang ndm ciia
vét liéu bang phuong phap khuéch tan giéng
thach [12]. 100 pL chung ndm A. glaucus véi
mat d6 108 CFU/mL duoc ciy trén bé mat moi
truong MH agar. 100 uL dung dich nano Ag véi
cac ndng d6 0,3; 0,5 va 1,0 mg/mL duoc nho
vao cac giéng thach c6 duong kinh 1 cm trén dia
thtr hoat tinh. Céc dia thir hoat tinh duoc dat vao
ti lanh 4 + 8 °C trong 8 gid d& dung dich nano



Ag khuéch tan vao thach sau d6 dit vao ta 4m
nudi & 37 °C trong 24 gid. Hoat tinh khang ndm
ctia vét liéu duoc danh gia bang kich thudc ving
v khuén.

3. KET QUA VA THAO LUAN

3.1. Pic trung tinh chit Ag NPs

Hinh 2 trinh bay anh TEM va gian d6 phan b
kich thuéc hat nano Ag dudi anh hudng cua
thoi gian phan tng. Nhan thdy, mau ché tao
trong khoang thoi gian tir 10 + 60 phit, cac hat
thu duoc déu & dang hinh cau, bién hat o rang
vé6i kich thude tuong ddi dong déu, sy phan bd
kich thuéc hat clia cac mau twong ddi hep, dén
120 phut thi cac hat khong dong déu vé hinh
dang, su phan b kich thudc hat 16n. Cu thé,
mau ché tao trong thoi gian 10 phit thu dwoc
cac hat nano Ag c6 dang hinh cau, hinh dang
hat chua hoan thién véi kich thudc hat trung
binh dat 1,7 + 0,3 nm (hinh 2a), sai s6 kich
thude 1a 17,6 %. Khi tang thoi gian phan ing
lén 30 phat, hinh dang hat khong thay do6i

nhung kich thudc hat trung binh tang va dat 3,1
+ 0,5 nm (hinh 2b), v6i sai sé kich thude 1a
16,1%. Téang thoi gian phan ung 1én 60 phut,
cac hat nano c6 do hoan thién cao vé mat hinh
thai, rat ddng déu, kich thudc hat trung binh
tang va dat 5,3 + 0,4 nm (hinh 2c), v6i sai s6
kich thudc giam 7,5%. Mau ché tao & 120
pht, thu duge cic hat nano ¢ hinh dang kém
déng déu, xuit hién su trung chap cia nhiéu
hat gdy hién tuong két dam, trong trudng hop
nay kich thudc hat dat 8,7 + 2,4 nm, sai s6 kich
thude hat 16n 27,6%. Két qua nay cho thdy, xu
hudng tang kich thudc hat nano khi thoi gian
phan tmg ting. Piéu nay co6 thé giai thich nhu
sau: Khi thoi gian phan ung ting, da lam tang
thoi gian chuyén dong cua cac tiéu phan Ag,
dan dén nang luong bé mit cia cac tiéu phan
tang, do d6 chung s& két hop v6i nhau dé giam
téng nang lwong bé mit cia cac hat trong hé

phan tmng, két qua thu duoc cac hat co kich
thude 16n hon (hiéu ung Ostwald) [13].

—— 10 phat
—— 30 phit
—— 60 phat
—— 120 phit

2 4 6 8 10 12
Kich thwéc hat (nm)

Hinh 2. Anh TEM ciia Ag NPSs duwoc chudn bi tai thoi gian phan iing tir 10 + 120 phit (a-d)va biéu do
phan bé kich thiéc hat (e)
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Hinh 3. Phé UV-Vis ciia Ag NPs duoc chudn bi tai
thoi gian phan vng tir 10 + 120 phat

Hinh 3 trinh bay phd hip thu UV-Vis ciia Ag
NPs dugc chuan bi tai thoi gian phan tng tir 10
+ 120 phut. Két qua cho thdy, cac mau ché tao
& thoi gian tir 10 d&én 60 phut chi xut hién mot
dinh cong huong plasmon bé mit (SPR) trong
pham vi tir 397 + 402 nm, dinh nay déc trung
cho nguyén t6 Ag. Mau ché tao tai thoi gian
phan tmg 120 phut xuat hién hai dinh SPR tai
398 nm va 435 nm. C4c nghién ctru trudc cho
thiy, vi tri va hinh dang cua sy hap thu
plasmon bé mat cia Ag NPs phu thudc rat
nhiéu vao kich thudc va hinh dang hat. Theo ly
thuyét Mie [14], chi c6 mot vi tri SPR duy nhat
trong quang phd hap thu cua cac hat nano kim
loai hinh cau, trong khi c4c hat di huéng c6 thé
tao ra hai hoic nhiéu dinh SPR phu thudc vao
hinh dang cua cac hat. Nhu vay, véi cac mau
ché tao tai thoi gian phan tng tir 10 dén 60
phut, chi quan sat thay mét vi tri SPR duy nhét,
chitng té céc hat nano Ag thu dugc cé dang
hinh cau. Trong khi mau ché tao & 120 phat
Xuét hién hai dinh SPR, diéu nay chung to Ag
NPs thu dugc con cd dang khdng phai hinh
cau. Két qua nay da dugc minh ching biang
phuong phap hién vi dién tir truyén qua TEM
nhu thé hién trén hinh 2. Trong bé mau ché tao
dugc, mau co thoi gian phan &ng 60 phat thu
dugc cac hat dang hinh ciu, dong déu, kich
thudc hat 5,3 + 0,4 nm, bién hat rd rang, khéng
c6 su két dam va cuc dai hip thu SPR la 402
nm nén ching tdi lya chon cho cac nghién cuu
tiép theo.

3.2. Chuyén pha c4c hat nano Ag bang PMAO
Nhu ching ta dd biét, PMAO 1a mot polyme
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gdm c6 hai phan, phin ky nudc la chudi
hydrocacbon c6 chuc nang gilp cac phan tu
PMAO bam vao hat thong qua lién két ki nudc
— ki nude voi cac phan tir OLA trén bé mit hat
nano Ag, phan ua nudc chira gbc anhydrit c6 vai
trd gitp cac hat phan tan trong moi truong nudc
[11]. Hinh 4a cho thdy Ag NPs truéc khi boc
PMAO phan tan rat tot trong n-hexan va hoan
toan khong phén tan trong nude. Sau khi boc
PMAO bé mit cia Ag NPs tr¢ nén ua nudc
va chung phan tan tét trong nude, cac hat luc
nay hoan toan khéng phéan tan trong n-hexan.
Nhu véy, c¢6 thé nhan dinh rang 16p polyme da

bao phii 1én bé mit cac hat, giup ching 6n dinh
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Hinh 4. a) Hinh anh Ag NPS (mdu 60 phiit)
phén tan trong dung moi n-kexan va nudc
treée va sau khi boc PMAO, b) Phé UV-Vis va
anh dung dich ciia Ag NPs sau khi boc PMAO
phan tan trong nude dwoc luu trit ¢ cdc thoi
gian khac nhau
Ngoai ra, phuong phap UV-Vis ciing duogc sir
dung dé theo ddi nhirng thay ddi quan sat dugc
trong dung dich Ag NPs. Phd UV-Vis cua
dung dich hat nano Ag sau khi boc PMAO
dugc ghi lai trong khoang thoi gian tir 0 + 12
thang dugc thé hién trong hinh 4b. Theo
Yadong Yin va cong su [15], khi mirc d6 oxy



hoa cia céac hat nano tang l1én, dinh SPR gidm
cuong do va quan sat thiy su chuyén dich cua
dinh SPR sang ving budc séng dai. Pho UV-
Vis chi ra trong hinh 4b khong thay bat ky su
thay d6i nao ngay ca sau 12 thang ché tao. Nhu
vay, cac hat nano Ag sau khi boc PMAO c6 do
bén va én dinh cao, phu hop cho cac muyc dich
y sinh.

3.3. Hoat tinh khang nim ciia dung dich hat
nano Ag

Két qua nghién ctu cho thiy, dung dich hat
nano Ag@PMAO c6 kha niang khang ndm
duoc thé hién & cac vong tron vo khuén thu
dugc kha rd nét (hinh 5a). Co ché hoat dong
ctia hat nano Ag chdng lai su phat trién cua vi
sinh vat c6 thé duoc md ta nhu sau: cac hat
nano Ag cé thé giai phong ion Ag* & trong va
ngoai t& bao. Ion Ag* (mang dién tich duong)
twong tic voi thanh té bao (mang dién tich 4m)
lam bién dbi hinh thai t& bao va ting tinh tham
mang hodc 1o ri té bao gy chét té bao. Ion Ag*
¢6 ai lyc 16n vai photpho va cac phan tir sinh
hoc c6 chira luu huynh c6 trong ngoai bao va
céc thanh phan ndi bao (DNA, protein), nhiing
phan tir sinh hoc nay anh huong dén sy phan
chia, sy hd hip va su song cua té bao [16,17].
Ngoai ra, su twong tac cua ion Ag" véi nhom
thiol c6 thé 1a nguyén nhan giy ra cac dang gbc
oxy hoéa ty do (ROS), dan dén trc ché enzym ho
hip va gay chét té bao [18].

—— - 30

b) 26,1402 263402

o
Hinh 5. Hoat tinh irc ché ndm A. glaucus ciia

dung dich hat nano Ag
Trong nghién ciru nay, hoat tinh khang ndm

20,5+0,1

—
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03 05 10
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ctia dung dich nano Ag thé hién khac nhau &
cac ndng do Ag sir dung (hinh 5b). Khi ndng do
hat Ag ting tir 0,3 + 0,5 mg/mL, kich thudc
vong v khuin ting tir 20,5 + 26,1 mm diéu
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ndy cé thé duoc giai thich bang su ting sb
lugng ion Ag* giai phong ra ngoai méi truong.
Néu tiép tuc ting ndng d6 hat Ag dén 1,0
mg/mL thi kich thudc vong vo khuan thu duoc
hiu nhu khong tang dat 26,3 mm két qua nay c6
thé 1a do anh hudéng cua 16p vé boc PMAO nén
kha nang khuéch tan ion Ag* ra ngoai méi truong
bi can tro.

4. KET LUAN

Bang phuong phap khir hoa hoc, cac hat nano
Ag voi kich thude nho dudi 10 nm da duoc ché
tao thanh cong trong dung méi hitu co ¢ nhiét
d6 phong. Hinh théi, kich thudc va tinh chat
ctia hat nano Ag dugc diéu khién béng cach
thay ddi thoi gian phan tmg. Hat nano Ag ché
tao duoc thé hién kha nang khang ndm A.
glaucus manh thong qua viéc pha hay tinh toan
ven ciia mang, do d6 ching ¢ nhiéu tiém ning
cho cac tmg dung 1&m sang.

Loi cam on. Cong trinh nay dwoc thuc hién
Vvéi s hé tro vé kinh phi cua dé tai cdp Bo
Gido duc va Pdo tao md sé B2020-TDV-04
(N.H.D)
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