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1. MO PAU

Bac 1a mot chat khéng khuén ty nhién va khong doc hai, Kkét hop v&i su phét trién ctia cong
nghé da phat hién ra kha nang khang khuan rit manh ciia bac & kich thudc nano, voi pho diét
khuén rong nén ngdy nay nano bac dd dugc nghién ctru va ing dung ngay cang rdng rai, tuy
nhién han ché 1a dung dich nano bac kém on dinh va dé bi két tu [1 - 5]. Viéc st dung cac
polyme véi vai trd 1am chat 6n dinh dung dich cdc hat nano kim loai di dwoc cong bd, déng chi
y 1a sir dung céc polyme ty nhién nhu chitosan, alignate, CMC... tién cho lién két véi cac chit
khéc [4 - 10].

Trong nghién ctru nay, chiing t6i st dung chitosan (CS) 1am chat 6n dinh dong thoi vira lam
tac nhan khtr. Céc diém méi trong bai bdo nay so vdi cdc cong bd trude ddy [2 - 10] bao gom: i)
phuong phép/diéu kién tong hop twong ddi don gian; ii) khong st dung chat khir (NaBH,,
glucose, arcobic acid...) va dung mdi hitu co; iii) san phém Ag/CS tao ra & dang hat (beads) nén
kha thuan loi trong bdo quan va st dung. So véi cong bd trude ddy ciia nhém nghién ciru ching
toi [1] thi mdi truong phan ung c6 sy thay ddi tir moi truong axit (tai li€u [1]) sang moi truong
kiém (bai bdo nay).

2. THUC NGHIEM
2.1. Ché tao dung dich nano Ag

Chuan bi dung dich chitosan trong axit axetic, sau d6 cho tir tir dung dich AgNO; vao dung
dich chitosan va khudy lién tuc. Dung dich ndy dugc cho phan ng thuy nhié¢t voi nhiét do khao
sat tir 55 — 95 °C, nhiét do phan tmg dugc diu chinh bang binh 6n nhiét Memmert. Céc mau
phan g duoc 14y ra khoi binh 6n nhiét sau cdc khoang thoi gian 1a 2 — 24 gid, dé ngudi va tién
hanh xdc dinh d¢ hép thy quang bang médy do UV- Vis. Sau khi xdc dinh d hap thu quang, hdn
hop dugc bdo quan va theo ddi kha nang bao vé h¢ keo cua chitosan.

2.2. Thir hoat tinh khang khuin, nim ciia nano bac
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Kha niang khdng khuan, ndm ciia san phim dugc kiém tra thong qua cdc gid tri thé hién
hoat tinh 1a ICsy, MIC va MBC trén cidc chuing vi khuan: Escherichia coli (ATCC 25922),
Pseudomonas aeruginosa (ATCC 15442), Salmonella enterica; Staphylococcus aureus (ATCC
13709); Bacillus subtilis (ATCC 6633); Lactobacillus fermentum; va ndm Candida albicans
(ATCC 10231). Cc mau dugc thir hoat tinh bang céch 14y 10 pl dung dich & cdc ndng do vao
dia 96 giéng, thém 200 pl dung dich vi khuan va ndm c6 ndng do ¢ 5 x 10° CFU/ml, u ¢ 37 °C
trong 24 gio.

2.3. Cac phwong phap nghién ciru

Phé IR duoc do trén méy Nicolet 6700 cta hing Thermo. Céc anh TEM dugc chup trén
mdy JEM 1010. Phd XRD duoc phén tich trén mdy D8-Advanced — Brucker. Phé UV- Vis dugc
tién hanh do bang may do Agilent— 8453. Cic phép thir dwoc tién hanh tai phong thir hoat tinh
sinh hoc thudc Vién Héa hoc, Vién Khoa hoc va Cong nghé Viét Nam.

3. KET QUA VA THAO LUAN
3.1. Cac dac trung cia dung dich nano bac
3.1.1. Pdc trung bang phé UV-Vis

Phd UV-VIS cua san phélm do cung mdt loai chitosan trong céc diéu kién nhiét do khdac
nhau trong ciing mdt thoi gian cho thay ¢ nhiét do thap, phan tmg din ra cham, hau nhu khong
quan sat dugc pic dic trung (hinh 1A, duong a, b), ngugc lai tai ving nhiét d6 cao cic pic Xuét
hién 6 rang (hinh 1A, duong c, d, e). Céc két qua do cho thiy c6 xuét hién céc pic hdp thu ¢ cic
budc séng 425 + 430 nm, két qua nay phit hop véi cdc nghién ctru vé phd cong hudng plasmon
bé mat cia nano bac [1 - 10].

h

|e (e)-95 (h) - 24h
s 2 / (d)-85 A g (@ -21h
T (c)-75 . (f)- 18h
Y b)- 65 _ (e) - 150
: ;fa;.ss i AN (d)- 12h
8 d % {©)-%h
¢ (b) - 8h
8 €S 3n1s £ o e

< S
c 2 : CS 3h95

<

b
8 a
N
b
0 T T T T | a— 0 : | . : 5 ===
2 310 e il 520 510 20 320 370 420 470 520 570 620
Wavelength (nm) Wavelength (nm)
(A) (B)

Hinh 1. Phd UV-Vis cta dung dich nano Ag: (A) tai cac nhiét do khac nhau (phan
&rng trong 18 h) va (B) tai cac thdi gian phan tng khac nhau & 95 °C

Theo céc cong bd nay thi nano bac dugc tao thanh do sy khir ion Ag* trong dung dich boi
nhém —CHO do phan ung mé vong cia chitosan, trong khi d6 nhém amin (-NH,) dong vai tro
tao phirc voi ion Ag* 1am chiing dé bi khir hon so v6i Ag* tur do sau khi tao ra nano bac, nhém
amin dong vai tro tao lién két v6i céc ion Ag* con du & trén bé mit ctia nano bac tao lam cho céc
hat nano bac khong két tu v6i nhau, do d6 chitosan déng vai tro lam chét n dinh, ching t6i nhan
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thy, dung dich nano Ag khir va 6n dinh bang chitosan trong 48 gio c6 thé bao quan trong vong
4 thang ma chua thay su keét tu nao xuat hién.

3.1.2. Phan tich phé hong ngoai (FT- IR)

Phé IR cua chitosan ¢6 chira nano Ag téng hop & 85 °C; 95 °C va cua chitosan ban dau
duoc thé hién ¢ hinh 2A. Theo céc tai lidu [5, 10], d6i v6i phd IR cua chitosan, cdc pic dao dong
cua lién két cia O-H ctia nhém CH,-OH 1a 1409 cm'l, cua C=0 & nhém amit I 1a 1091 va 1031
cm™, dao dong cua lién két N-H trong nhém NH, 1638 cm™ va lién két C-N ciia nhém amin ¢6 dao
dong dic trung tai sb séng 1324 cm™, cdc dao dong tai cac s séng 1155, 1067, 1030 va 894 cm™ dic
trung cho lién két C-O—C. Phd IR cua mau chitosan chita nano Ag c6 su glam cuong do cla cic pic
tai cac s6 séng tir 1019 dén 1170 cm™, déy 12 cc dao dong G ung vdi lién két C—O—C, diéu nay chung
to cau truc ctia chitosan thay d6i. Ngoai ra, c6 sy thay doi vé cuong do cua pic tai s6 song
1657 cm™', ing véi dao dong cia lién hen két -N—H, c6 thé do céc hat nano Ag tao lién ket voi
phtrc voi nhom —NH, nén giao dong yéu di (5], di kém vo6i sy glam cuong do cua pic tai s6 séng
1657 cm™ 1a sy ting cudng do cia pic tai s6 séng 1572 cm’™ 1én rat manh 1a do qud trinh khir
hinh R’-CHO (do qué trinh m& vong cua chitosan) thanh nhém R’COOH.
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Hinh 2. (A) Phé IR cla chitosan ban dau (a) va sau phan tng & cac nhiét d6 85°C (b)

va 95°C (c) trong 24 gi® va (B) phd nhiéu xa tia X (XRD) clia nano bac téng hop & 95°C
V@i cac thoi gian phan ng khac nhau

3.1.3. Phé nhiéu xa tia X (XRD)

Qua phd XRD (hinh 2B) cho phép khing dinh sy c6 mit cta bac .don pha trong san pham,
ton tai & dang thu hinh 1ap phuong v6i cdc pic nhiéu xa ctia bac bao gom (111), (200), (220) tai
cdc géc nhiéu xa tuong ung la 39,2; 44,5 va 65° dugc thé hién rd nét trén phd ciia mau c6 thoi
gian phan ung 48 h, véi mau phan (mg 24 h thi pic nhiéu xa (111) thé hién rd nét, con cic pic
sau thi hdu nhu khéng quan sét dugc, diéu nay chimg t6 ciu triic clia nano bac chwa hoan thién
khi phan @ng trong 24 gid va do d6 thoi gian phan tmg 48 gio 1a thich hop nhat. D6 ban mé vach
ctia pic nhiéu xa (111) khd 16n, chimg kich thudc hat nhé. Tinh todn kich kich thuéc hat trung
binh thong qua cdng thitc Debye—Scherrer: d = KA/FWHM.cos0 véi d 1a duong kinh trung binh
cua hat (nm); k = 0,89; A— 1a budc séng cua birc xa tia X(nm); FWHM- 1a d6 rong ban m¢ vach

103



Tran Vinh Hoang, Nguyén Xuén Manh, Vuong Thi Kim Oanh, Lé Thi Mai Hoa, Trdn Pai Ldm

(rad); 6— 12 géc nhiéu xa (d9) thi v6i mau 24 gid va 48 gid kich thudc hat tinh duoc lan luot 1a
dy,=7,7 nm va dyg= 8,3 nm.

3.1.4. Phurong phdp hién vi dién tir truyén qua (TEM)
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Hinh 3. Anh TEM méu nano bac phan &rng & 95 °C v&i cac thdi gian phan tng khac
nhau: (A) 24 gio va (B) |a 48 gio
Anh TEM cta miu phan tmg & 95 °C trong cic thoi gian khic nhau (hinh 3), khing dinh
bac thu dugc c6 kich thudc nano, cac hat nano bac c6 kich thude tir 5 - 12 nm, hinh dang hat gén
nhu 12 hinh céu, quan sat cho théy kich thudc hat phan bd kha déu dan, céc hat ton tai doc lap,
murc d6 két tu thap. Diéu nay chimng to chitosan da gép phan quan trong trong viéc ngin chan két
tu, gitip hat 6n dinh. Qua anh TEM chiing ta ciing thdy sau 48 h cdc hat nano Ag c6 kich thudc
ddng déu hon so v6i mau 24 gid, con nhin chung, chénh léch kich thudc hat khong qua nhiéu khi
thoi gian phan tng ting 1én; C6 thé chitosan di gép phan ngan can su 16n 1én cia céc hat nano
bac. Ngoai ra, tir anh TEM cua mét hat nano bac dugc phdng dai 1€n, chiing ta quan sat duoc cAu
tric 181, vo clia cdc hat nano bac. Nhu da chiing minh trong cong bd trude ddy cia ching t6i [1],
bao boc xung quanh cédc hat nano bac 12 mang mong chitosan, 16p mang nay cé6 do d?ly khoang
2nm c6 vai tro quan trong trong vi¢c on dinh dung dich keo bac.

3.2. Nghién ciru khi ning khang khuén, nim ciia dung dich nano Ag

Cic két qua thir hoat tinh khéng khuan duoc t6m tt trén hinh 4, két qua chi tiét dwoc cho vi
du trong hinh 5. Trén céc dia petri (hinh 5), 6 s6 1 1a cdc 6 ¢6 nong d6 chit khang khuédn la
Co= 27 pg/ml. Cac 6 s6 2 ¢6 néng do chét khéng khuén 12 C* = Cy/4. Cic 656 3 ¢6 néng do chét
khang khuan 1a C*’= C,’/4. M6t cich tong quét 6 s6 n c6 nong do chat khang khuén 1a c =
C0/4". Nong d6 MBC dugc xdc dinh tai ngan khong con sy phat trién ctia vi khuén.

Két qua thu dugc cho thay san pham c6 tinh khang khuan kh4 tot d6i véi ca vi khuén gram
4m va va vi khuan gram dwong. So sdnh v&i 1 s chat khang sinh ta thiy kha ning khang khuan
ctia nano bac tot hon Penicillin-Streptomycin dang ké cho ching Pseudomonas aeruginosa ( 1Cs
cua nano Ag la 1,087 so v6i 4,5 pg/ml cua Penicillin-Streptomycin ). So sanh tic dung cia nano
bac v&i Ampicillin cho chung Lactobacillus fermentum, Bacillus subtilis ta théy hoat luc la
ngang bang (ICs, ciing trong khoang 0,05 + 2 pg/ml); v&i chiing Staphylococcus aureus va
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Escherichia coli tic dung ctia nano bac kém hon khoang 2 - 10 lan (ICs, ciia nano Ag khoang
5 pg/l so v6i 0,05 + 2 ug/ml cua Ampicillin); v6i Candida albican, tic dyng cua nano bac kém
hon Amphotericin B khoang 4 + 9 lan.
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Hinh 4. Két qua thi hoat tinh
khang khuén clia dung dich nano
Ag trén mot sb chang vi khuén va

nam

Hinh 5. Két qua thir nghiém khang khuén trén dia petri, xac dinh théng s6 MBC

4. KET LUAN

Dung dich nano Ag da ché tao thanh c6ng bang viéc sir dung chitosan vira 12 tic nhan khur,
vira 12 chat 6n dinh, dung dich tao thanh da dugc thir nghiém qué trinh 6n dinh trong 4 thing ma
chua ¢6 dau hiéu cta su két tu cdc hat nano bac. Khao sit dugc cic dic trung cua san phém thu
duoc. Phé XRD cho thiy nano bac da dwoc hinh thanh véi pha duy nhét cua Ag kich thudc
nano. Anh TEM cho théy cdc hat nano tao thanh c6 kich thude khd déu, kich thude hat khoang
7+12 nm, céc hat nano Ag dugc bao boc boi mdt 16p chitosan day khodng 2 nm la nguyén nhan
tao ra d6 bén cao, han ché su két tu cua céc hat nano Ag. Budc déau thir kha nang khang khuén
thanh cong trén ca cdc vi khuén gram 4m 13n gram dwong. Céc két qua cho thdy bac c6 kha ning
khang khuén t&t ngay ca & ndng do thap.
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SUMMARY

STUDY ON SYNTHESIS AND ANTIBACTERIAL ACTIVITY OF SILVER
NANOPARTICLE CONTAINING SOLUTION USING CHITOSAN AS REDUCING/
STABILIZING REAGENT

Silver nanoparticles (AgNPs) were synthesized using chitosan as reducing and stabilizing agent
via a green and facile method. First, AgNO; was mixed with chitosan solution, then, the mixture

was
and

heated up to 85 — 95°C for a cerain period of time (2 - 48 h), in which AgNPs were formed
homogeniously distributed/penetrated inside chitosan chains. AgNPs were characterized by

XRD, IR, TEM and UV-vis methods. The obtained results confirmed that AgNPs, whose the
particle size of about 7 - 12 nm, were coated by chitosan layer, therefore are stable for at least 4
months without any significant agglomeration. Antibacterial test of AgNPs were investigated,
confirming their enhanced antibacterial activities thanks to synergic properties of both AgNPs

and

chitosan.

Keywords. Silver nanoparticles, chitosan, antibacterial activity
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