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Nghién ctru diéu ché tiéu phan nano
chtra bac dé irng dung trong dugc pham
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Tém tit

Trong nghién ctru ndy chiing t6i di tong hgp duoc tiéu phan nano bac clorid bang phan tmg tao két tua giita
bac nitrat va natri clorid trong dung dich nu6c chira 0,7% poly(vinyl alcohol). Tiéu phan nano AgCl trong hdn
dich chu yéu c6 dang lap phuong, dwong kinh trung binh 80-100 nm, phan bd kich thuéc twong dbi dong déu.
Bot dong kho thu dugc tir hdn dich nay chira cac tiéu phan co dang gan nhu khdi cau, duong kinh trung binh
90-100 nm. Cac dic tinh khac cua tiéu phéan nhu thé Zeta, d bén v6i anh sang, ban chét héa hoc, ban chét tuong
tac voi chét on dinh ciing dugc xac dinh. Bot dong kho nano AgCl c6 kha ning giai phong t6t cac ion Ag+ trong
vong 3 ngay, cho tac dung khang khudn trén ca Escherichia coli va Staphylococcus aureus. Thubc m& than nude
AgCl 600, 750 va 1300 ppm duoc bao ché tir bot dong khoé nano AgCl cho tac dung t6t hon hin kem bac
sulfadiazin 1% trén tit ca cic ching vi khudn Gram dwong va Gram am thir nghiém.

Nhén ngay 26 thang 7 nam 2015, Chinh sua ngay 07 thang 8 nam 2015, Chip nhén dang ngay 05 thang 12 ndm 2016
Tir khéa: Tiéu phan nano bac clorid, poly(vinyl alcohol), téng hop, thuéc mé than nudc, khéang khuén.

1. bat van dé ¢6 mau khong dugc uwa chudng, do on dinh
thip. Bac sulfadiazin st dung dudi dang kem
Bac 1a mot trong nhitng nguyén t6 c6 tinh kho vé sinh vét thuong, thoi gian tic dung
khang khuan manh nhat trong ty nhién. Pic ngin. San pham co6 thé 1am giam kha ning tai
tinh khang khuan cua bac bit ngudn tir tinh chat tao biéu md con doc tinh ddi véi tiy xuwong chu
héa hoc cua cac ion Ag' [1]. Ion nay c6 kha yéu 1a do propylene glycol c6 trong dang thudc
nang ti€u di€t vi sinh vat theo nhiéu co ché gdy nén.
[2-4] nén rat it khi bi d& khang [5]. Trong lich Nho g dung cong nghé nano, tiéu phan
su, bac dugce sir dung lam thuoc dudi nhiéu nano bac di duoc tong hop va hién dang duoc
dang khac nhau [6], moi loai déu ¢6 uu nhuoc mg dung trong nhiéu linh vyc nhu y té, moi
diém riéng. Bac nitrat cho ndng do i ion Ag' cao truong, dién t,... [7-9]. Cac hat nano bac voi
nhung dung dich khéng 6n dinh. O ndng d6 cao ning luong bé mat 16n c6 kha ning giai phong
hon 1%, dung dich bac nitrat c6 kha nang gy tlr tr cdc ion bac vao trong dung dich, nho vay
doc voi té bao va cac mo; nitrat lam giam kha nano bac ¢6 hiéu lyc khir khuén kéo dai hon so
ning lién vét thuong va khi bi khir thanh nitrit v6i keo bac. Tuy nhién dang tiéu phan nano cua
s& tao ra cac chat oxi hoa gy doc té bao, giam bac nguyén t6 c6 nhuge diém 13 kha ning giai
kha ning tai tao t& bao biéu mo. Bac protacgon phong ion Ag+ thdp. Gan day cac nha khoa hoc

da phat trién thanh cong thudc sir dung mubi it
tan cia bac dudi dang vi mang kim loai cho
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Silvasorb do AcryMed sin xudt, Medline
Industries phan phdi. San phdm c6 uwu diém la
kiém soat duogc tbe do giai phong ion bac & mirc
t6i uu, trong thoi gian dai. Cac nghién ciru theo
hudng nay hién chua dugc trién khai trong nudc.

Nhim tao tién d& cho viéc phat trién cac
thudc khang khuan tir mudi it tan cia bac,
ching t6i tién hanh dé tai “Nghién ciru diéu ché
tiéu phdn nano chira bac dé img dung trong
dwge pham” trong d6 st dung mudi bac clorid
(AgCl). Hop chit nay c6 do tan va/hodc do 6n
dinh cao hon so véi nhiéu hop chit khac cua
bac nhu Agl, AgBr, Ag,S, Ag,SO;, Ag,C,0,,
AgNs,... hon nira, anion CI" 1a mét thanh ph?m
tu nhién phé bién cia co thé nén tinh twong hop
sinh hoc cao hon. D¢ tai dat muc tiéu tong hop
tiéu phan nano AgCl, xac dinh mot s6 dic tinh
1y hoa, khao sat do 6n dinh, danh gia kha ning
giai phong ion Ag" in vitro va tac dung khang
khuén cua hé. Tir d6 xdy dung tiéu chuan CO SO
cua san pham diéu ché duoc, lam tién dé cho
viéc phat trién cac thude khang khuén ngoai da.
Mot phan két qua cia dé tai da duoc cong bd
[10, 11, 12], bai tong quan ndy trinh bay toan
b cac két qua nghién ctru thu dugc.

2. Phwong phap nghién ctru
2.1. Tong hop tiéu phan nano AgCl

Hdn dich AgCl dugc téng hop tir phan tng
tao két tua giita bac nitrat (AgNOs; Tianjin
Yinlida Chemicals Co. Ltd) va natri clorid
(NaCl; Xilong Chemical Co. Ltd) trong dung
dich nudc chua chit én dinh. Phan ung duogc
thuc hién trong diéu kién tranh anh sang theo
quy trinh sau: hoa tan AgNO; vao dung dich
nudc cua chat 6n dinh duge khao sat. Nho tir tir
dung dich NaCl 0,1 M vao, tde do nho 0,5
ml/phut, vira nhé vira khudy tron & toc do 500
vong/phut. Tiép tuc khudy duy tri trong 1 gio.
Bot dong kho thu dugc tir hon dich bang
cach st dung may Alpha Christ 1-2 LD
Plus theo chuong trinh: dong lanh ¢ -80°C
trong 12 gio; 1am kho so cép ¢ -45°C, 0,01
mbar trong 24 gio; lam kho thir cép trong

20 gid, nhiét d§ cudi qué trinh 1a 30°C, ap
suat buong khong vuot qua 0,2 mbar.

2.2. Xdc dinh mét s6 ddc tinh Iy héa ciia hé

Duong kinh tiéu phan, chi s da phan tan
(PDI) va thé Zeta duoc do bang may Zetasizer
Nano ZS90 Malvern, chi sé khuc xa 1,34, do
hép thu 0,001.

Hinh dang tiéu phan dugc xac dinh bing
kinh hién vi dién tir quét (SEM) S4800-NIHE,
dién thé gia toc 5,0 kV.

Phd hép thu UV-VIS dugc do bing may
Cary UV-60 voi cuvet thach anh 1 cm trong
ving budc séng tir 200 dén 800 nm. Cac mau
déu duoc pha lodng 10 1an bang nudc cét. So
sanh pho hap thy UV-VIS cua mau trudc va sau
khi chiéu sang cho phép danh gia do bén cua
mAu ddi voi anh sang.

Gian d6 nhiu xa tia X cua tia thu duoc khi
ly tam hdn dich ¢ nhiét d6 phong véi toc do
5.000 vong/phut trong 20 phut va cta bot dong
kho dugc xac dinh biang may D8 Advanced
Bruker. Gian d6 thu dugc gitp xic dinh ban
chat hoa hoc cua tiéu phan.

Phé hdng ngoai dwoc do bang may
Shimadzu IRAffinity-1S FTIR, st dung phuong
phap dap vién véi KBr. So sanh pho hong ngoai
ciia bot dong kho nano AgCl véi phd hong
ngoai cla chét 6n dinh cho phép du doén tuong
tac giita tiéu phén AgCl va chit 6 6n dinh.

Bac toan phan trong cac mau dugc dinh
luong bang cach do phd hip thu nguyén tir v6i
may Shimadzu AA-6800, budc song 320,10
nm, dong qua dén 5,0 mA, ngon ltra khong
khi/acetylen, tde do dong khi 3,50 I/phat, tde do
dong acetylen 1,5 1/pht.

2.3. Panh gia kha nang gidi phéng ion Ag"

Kha ning gidi phong ion Ag" tir bot dong
khé nano AgCl dugc danh gid trong vong 7
ngdy, sir dung mang thim tich dang Ong
Spectral/Por® 4 MWCO 12000-14000 daltons,
bé rong 25 mm. Bt dong khd dugc phan tan lai
trong nuoc cat, hit mot luong hon dich cho vao
t0i tao thanh bang cach kep chit hai diu mang
thim tich. Phan chira hdn dich ngp hoan toan
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trong dung dich nhan. Tai céac thoi diém xac
dinh, léy mau dé dinh lugng bac toan ph?m
ddng thoi bd sung vao dung dich nhan mot
luong nude cat tvong duong. Khuay tron manh
va tranh 4nh sang trong sudt thoi gian khao sat.
Luong ion bac Q, (mg) dugc giai phong tai thoi
diém t, dugc tinh bang cong thirc:

n—1

Q, = VC, +vZ C;

i=1

Trong d6: V (ml): thé tich dung dich nhan

v (ml): thé tich lay mau

C, (mg/ml): nong d6 dung dich nhan tai
thoi diém t,

Ci (mg/ml): ndng d6 dung dich nhén tai thoi
diém lay mau t;.

2.4. Bdo ché thuéc mé than neée AgCl

Thuéc m& than nudc AgCl 600, 750 va
1300 ppm (TM 600, TM 750, TM 1300) duogc
bao ché tir bot dong kho nano AgCl bing
phuong phap tron déu don gian thao quy trinh
sau: polyethylene glycol 4000 va polyethylene
glycol 600 (PEG 4000, PEG 600; Lotte
Chemicals) ty 1& khdi luong 4: 10 dugc dun
noéng dén 55-60°C, khudy tron nhe cho dén khi
thu dugc hdn hop 10ng trong sudt dong nhét.
Phan tan dong déu bot dong kho nano AgCl
vao hon hop trén o1 dé ngudi tur tu vé nhiét
do phong.

2.5. Pdnh gid tac dung khdng khudn

Trong cac thir nghiém danh gia hoat tinh
khang khuin, méi truong canh thang nudi ciy
vi khuén kiém dinh c6 thanh phan NacCl 0,5%,
Pepton 0,5%, cao thit 0,3%, nudc cat vd 100
ml. Mo6i truong thach thuong chira NaCl 0,5%,
Pepton 0,5%, cao thit 0,3%, thach 1,6%, nudc
cat vd 100ml.

2.5.1. DPanh gia hoat tinh khang khuan ciia
tiéu phan nano AgCl

Téc dung khang khuén cia tiéu phan nano
AgCl duogc danh gia bang phuong phap khuéch
tan trén thach trén ching vi khudn Gram duong

Staphylococcus aureus ATCC 1128 (S. aureus)
va chung vi khuin Gram am Escherichia coli
ATCC 25922 (E. coli); cic ndng do thir 460;
230; 115; 57,5 va 28,75 ppm. Khang sinh
chung chuin duoc st dung la benzathin
penicillin (BZP, 20 IU/ml) d6i véi vi khuan
Gram duong va streptomycin (STM, 20 IU/ml)
dbi v6i vi khudn Gram am pha trong nudc ct.
Mau tring 13 dung dich ciia NaCl, NaNOs, va
PVA trong nudc cat véi ti 1¢ nhur trong mau thir.
Mau so sanh 1a bac sulfadiazin (Macsen
Laboratories) ¢ cac néng do 1000; 500; 250;
125 va 62.5 ppm pha trong ethanol tuyét dbi.

Vi khuin kiém dinh duoc cdy vao moi
truong canh thang, u trong ti 4m 37°C trong 18
gio dén ndng d6 10° t& bao/ml (kiém tra bing
pha lodng va diy dich chuan). Moi trudng thach
thuong vo trung (tiét trung 120°C/20 phut) duoc
de ngudi két hop 1am lanh vé 45-50°C va duoc
cdy gibng vi khuan kiém dinh véi ty 1€ 2.5
ml/100 ml. Lic tron dé vi khuan kiém dinh
phan tan déu, rdi dé vao dia Petri vo trung véi
thé tich 20 ml/dia va dé cho dong lai.

Cac khoanh glay loc (6,0-6,5 mm) v6 trung
da say khé duoc tim 3 1an v6i miu, sau mdi lan
tam sdy & < 60°C dén kho hét dung méi, dit 1én
bé mit moi truong thach chira vi khuén kiém
dinh theo so dé dinh sin. U cac dia Petri co
mau trong t 4m & 37°C trong 18-24 gio roi lay
ra doc két qua. Do dudng kinh vong vo khuan,
néu co, bang thudc kep Panmer do chinh xéac
0,02 mm. S6 thi nghiém lam song song 1a 3.
Két qua dugc danh gia dwa trén duong kinh
vong vo khuan va d¢ léch thyc nghiém.

2.5.2. Xac dinh ndng d6 kim khudn/diét
khuén tbi thiéu cua tiéu phan nano AgCl

Nong d6 kim khuan téi thiéu (MIC) va
ndng d6 diét khuin tdi thidu (MBC) cua tiéu
phan nano AgCl trén S. aureus va E. coli dugc
xdc dinh bang phuwong phap pha lodng, diy
ndng d6 khao sat: 46; 23; 15,3; 11,5; 9,2 ppm.
Tién hanh nhu sau:

Chuan bi vao 5 binh nén 100 ml 18 ml moi
truong thach thuong (khdi luong cac thanh
phan dugc tinh cho 20 ml), tiét trang & 120°C
trong 20 phit, d& nhiét d6 giam xubng 45-50°C
roi cho thém 2 ml hdn dich nano AgCl gbc, lic
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déu rdi d6 ra dia Petri thu dugc hop Petri co
hoat chat d6 pha lodng 1/10. Thém 2 ml hdn
dich thir c6 d6 pha loang 1/3 dugc hop Petri co
ndng do hoat chat do pha loang 1/30. Ctr thé tiép
tuc dugc hdp c6 do pha loang 1/40, 1/50, con 1
binh cho 2,0 ml nude cat vo khudn lam chimg 4m.
Say 20 phat trong ti 4m & 37°C dé lam kho bé
mit moi truong. Lam thanh 2 ddy hop Petri giéng
nhau dé thir cho S. aureus va E. coli.

Moi truong canh thang duge chudn bi vao
cac bng nghiém 5 ml, khw trung & 120 °C trong
20 phut. De ngudi vé nhiét do phong, cay 1
vong que cdy S. aureus, E. coli vao timg dng va
u 18 gio ¢ 37°C dé thu dugc hon dich vi khuén
¢6 ndng do 10° tb/ml (danh gia bang pha lodng
x4c dinh CFU va so véi d¢ duc chuén BaCl,
1%). Dung dung dich NaCl 0,9% v6 khuin pha
lodng ra dé dugc cac 6ng vi khudn c6 ndng do
14 107 tb/ml, 10° tb/ml, 10° tb/ml.

Tir cac dng vi khuan c6 nong do thich hop,
dung loop dinh lwong 1dy 0,2 pL hdn dich té
bao vi khuin & cac nong do khac nhau (10°, 107,
10% 10° tb/ml) ciy vao cac hop Petri khong
chtra hoat chit theo so dd dinh sin (10%, 107,
10°, 10° 10° 10°tb/ml) tao thanh 6 vét co
duong kinh khoang 1 cm, va cdy vao cac hop
Petri chita hoat chét theo so do dinh sin (108,
10°, 10°, 10° tb/ml). D& kho 20 phut, 14t up cac
hop Petri lai va dé vao ta am u & 37°C trong 18
gio, lay ra doc két qua.

Néu tir hop Petri khong co hoat chat sau 18
gior 0 thdy cac vét cy vi khuin phat trién binh
thuong, ching to vi khuin khong bi chét nén
tiép tuc doc két qua & cac hop mau thir. O ndng
d6 hoat chit nao ma con 1-3 khuén lac moc
duge xac dinh 1a MIC, con ¢ ndng d6 hoat chat
th?ip nhét ma khong co khuén lac nao moc duoc
d6 1a ndng 46 MBC.

2.5.3. Danh gia hoat tinh khang khuan ciia
thudc md than nude AgCl:

Téc dung khang khuan cua thuéc m& AgCl
dugc danh gia bang phuwong phap khuéch tan
trén thach trén 5 chung vi khuan Gram dwong

Bacillus cereus ATCC 9946 (B. cereus),
Bacillus pumilus ATCC 6633 (B. pumillus),
Bacillus subtilis ATCC 10241 (B. subtilis),
Sarcina lutea ATCC 9341 (S. lutea),
Staphylococcus aureus ATCC 6538 (S. aureus) va
4 ching vi khuan Gram 4m 1a Escherichia coli
ATCC 8739 (E. coli), Salmonella typhimurium
ATCC 13311 (S. typ), Shigella flexneri DT 112
(S. flexneri), Proteus mirabilis BV 108 (P.
mirabilis). Mau tring 13 thudc m& khong chira
hoat chét véi thanh phan twong ty nhu trong mau
thtr, mau so sanh la kem bac sulfadiazin 1%
(MediPharco TenaMyd Br s.r.l,, lot 270515). Céc
khoanh gie”iy loc duge tim hai mit véi ché phélrn
sao cho 2 mit khoanh gidy dinh déu thuc nhu
nhau. Cach tién hanh, doc va danh gia két qua
tuong ty nhu mo ta & myc 2.5.1.

3. Két qua va ban luan

3.1. Khao sat mot $6 yéu to dnh hudng dén qud
trinh tong hop tiéu phan nano AgCI

3.1.1. Anh huong ciia loai chét 6n dinh dén
kich thu6c va thé Zeta cta tiéu phan AgCl

Trong thir nghiém dau tién, cac chit én dinh
Beta-cyclodextrin (B-CD), Polyvinyl alcohol
5,5-6,2 cps (PVA), Hydroxypropyl
methylcellulose E6 (HPMC E6), Carbomer 934
va Polyvinylpyrrolidon K30 (PVP K30) duoc
sir dung trong diéu ché hon dich AgCl. Lugng
AgNO; st dung 1a 0,0204g (0,12 mmol). Ti 1¢
mol NaCl : AgNO; 1a 2: 1 dé dam bao chuyén
toan b AgNO; thanh AgCl. Ti I¢ mol B-CD:
AgNO; 1a 4: 1. Khéi lugng cac chit 6n dinh
khac duoc lay bang B-CD, cic chit nay tao
dung dich c6 nong d6 1,5% (kI/kl). Lugng nudc
cit sir dung 1a 35 ml dé dam bao hoa tan hoan
toan chit c6 do tan kém nhit 1a B-CD. Duong
kinh, chi s da phan tan va thé Zeta ctia hon
dich AgCl dugc diéu ché voi cac chéat 6n dinh
khac nhau duoc thé hién trong bang 1.
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Bang 1. Buong kinh, PDI va thé Zeta cua tiéu phan AgCl bao ché véi mot s6 chat én dinh

x I Puong kinh  Peak 1 Peak 2 % % Peak Thé Zeta
Mau Chat 6n dinh (nm) (nm) (nm) Peak 1 ) PDI (mV)
M1 B-CD 3244 322.5 5062 95 5 0,229 -20,8
M2 PVA 85,7 83,11 5208 96,9 3,1 0,238 -13,2
M3 HPMC E6 274,2 321,8 0 100 0 0,209 -9.4
M4 Carbomer 934 201,4 237.8 0 100 0 0,148 -14,7
M35 PVP K30 82,3 94,3 0 100 0 0,131 -17,1

Két qua cho thy cac tiéu phan AgCl dugc
bao ché véi PVA (M2) va PVP K30 (M5) ¢6
dudng kinh trung binh nho hon dang ké so véi
cac chit 6n dinh con lai. Gia tri PDI cua céc
mau déu nho hon 0,5 cho thiy phan b kich
thudc tuong d6i déu. PDI cia M1 va M2 cao
hon cic mau khic do xuit hién peak phu &
khoang 5000 va 5200 nm. Thé Zeta 4m ctia hdn
dich c6 thé 1a do 16p ion am CI” hép phu 1én bé
mit tiéu phan. Tur cac két qua nay, PVA va PVP
K30 duoc chon dé khao sét tiép anh huong cua

néng do chét 6n dinh dén kich thudc va thé Zeta
cta tiéu phén.

3.1.2. Anh huéng cua ndng d6 PVA dén
kich thudc va thé Zeta cia tiéu phan AgCl

Trong thir nghiém tiép theo, hdn dich AgCl
duoc bao ché voi néng do PVA tang dan tr 0,1
dén 3,0% (kI/kl), cac thanh phan khac giir
nguyén. Puong kinh tiéu phan, chi sb da phan
tan, thé Zeta cua cac mau duoc thé hién trong
bang 2.

Béng 2. Puong kinh, PDI va thé Zeta cua tiéu phan AgCl tai cac nong d6 PVA khac nhau

Miu Nong d6 Puong kinh  Peak 1 Peak2 % Peak % Peak PDI The Zeta
PVA (%) (nm) (nm) (nm) 1 2 (mV)
M6 0,1 116,5 142,5 0 100 0 0,19 -17.9
M7 0,2 98,9 110,8 0 100 0 0,149 -17,1
M8 0,4 84,3 94,6 4910 98,8 1,2 0,166 -19,4
M9 0,7 80,5 77,7 0 100 0 0,251 21,7
M10 1,5 85,7 83,1 5208 96,9 3,1 0,238 -13,2
Ml11 3,0 92,8 112,5 0 100 0 0,207 -20,1

Két qua thu duoc cho thiy khi ndng do
PVA tang tir 0,1 dén 3,0%, kich thudc tiéu phan
giam dan. Diéu nay c6 thé 1a do & ndng d6 PVA
thap, d6 nhot clia mdi trudng nho, kha ning bao
phil, tao 10p 40 ngdn can cac tiéu phan két tu
ciia PVA thip nén kich thu6c tiéu phéan ting.
Tuy nhién khi néng d6 PVA ting tir 0,7 dén
3,0%, kich thudc tiéu phan ting dan. C6 thé 1a
do lugng PVA quéa nhidu 1am ting d6 nhét cua
mdi trudng, giam kha ning phan tan cua tiéu
phan va do d6 l1am ting kich thudc tiéu phan.
PDI cua cac mau dao dong tir 0,149 dén 0,251
cho thiy su phan bd kich thudc tiéu phan tuong

dbi dong déu. Cac hdn dich dwoc du doan c6 do
6n dinh khong cao (thé Zeta nam trong khoang
+ 10 dén + 30 mV). Trong cac mau duoc khao
sat, M9 chira 0,7% PVA c6 kich thudc tiéu
phan trung binh thip nhét, gia tri tuyét dbi
cta thé Zeta 16n nhét, chi c6 1 peak & khoang
80 nm.

3.1.3. Anh huong cta nong d6 PVP K30
dén kich thude va thé Zeta cua tiéu phan AgCl

Hon dich AgCl duoc bao ché véi n6ng do
PVP K30 ting déan tir 0,1 dén 3,0% (kl/kl), cac
thanh phan khac git nguyén. Két qua duoc
trinh bay trong bang 3.
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Bang 3. Puong kinh, PDI va thé Zeta cua tiéu phan AgCl tai cac ndng d6 PVP K30 khac nhau

x Nong d0 PVP  DPuong kinh  Peak 1 Peak 2 % Peak Thé Zeta
Miu 05 (%) (nl%l) (om)  (nm) | ePeak2 PDL TG
M2 0.1 106,7 119,7 0 100 0 0152 -26
MI3 0,2 80,68 91,51 0 100 0 0,162 -13,6
M14 0.4 75,68 85,22 0 100 0 0114 266
MI5 0,7 81,11 92,87 0 100 0 0,145 7,19
Mi6 1.5 82,3 94.28 0 100 0 0131 -17.1
M17 3.0 87.26 104,6 0 100 0 0175  -18.9

Ciing nhu PV A, khi sit dung PVP K30 lam
chét 6n dinh, ban diu kich thudc tiéu phan giam
dan khi ting nong d chét 6n dinh. Tuy nhién
khi ndng d6 PVP K30 ting cao lai lam ting
kich thudc tiéu phan. Trong cic miu khao sat,
M14 (chira 0,4% PVP K30) 1a miu tét nhat véi
kich thudc tiéu phan trung binh nho nhat (75,68
nm), PDI nh6 nhit (0,114) va gia tri tuyét ddi
ctia thé Zeta 16n nhit (-26,6 mV).

Nhu vy anh huong ctia mot s chat 6n dinh
dén kich thudc va thé Zeta cua tiéu phan AgCl da
dugc khao sat. Tiéu phan nano AgCl dugc tong
hop tir phan mg tao két tua giita AgNO; va

NaCl trong dung dich nuéc chira 0,7% PVA
hodc 0,4% PVP K30 c6 duong kinh trung binh
khoang 80 nm, phan b6 kich thudc twong ddi
déng déu. Hai mau nay dugc lya chon cho céac
nghién ctru tiép theo.

3.1.4. Lua chon chét 6n dinh va cong thuc
bao ché

Pé tang luong miu dung cho cac thir
nghiém sau, 2 mau M9 véi chat 6n dinh PVA
(0,7%) va M14 véi chat 6n dinh PVP K30
(0,4%) duoc bao ché véi lugng mau ting gip 6
lan. Kich thude, chi s6 da phan tan va thé Zeta
clia céc tiéu phan duoc trinh bay trong bang 4.

Bang 4. Puong kinh, PDI va thé Zeta cua tiéu phan AgCl trong cac hdn dich str dung
0,7% PVA (M18) va 0,4% PVP K30 (M19) véi lwong mau ting gap 6 lan

Mau DPuong kinh  Peak 1  Peak 2 Peak3 % peak % peak % PDI The Zeta
(nm) (nm) (nm) (nm) 1 2 peak 3 (mV)

M18 88,24 97,96 0 0 100 0 0 0,117 -11,3

M19 284,8 296 78,25 5560 95,7 3,3 1,0 0,337 -38,1

Két qua cho thay trong khi M18 co6 kich
thudc tiéu phan va PDI thay d6i khong dang ké
so voi M9 thi M19 lai c6 kich thudc tieu phan
va PDI tang cao rd rét so voi M14. Trong qua
trinh phan tmg & M19 c6 sy két tu tao tiéu phan
kich thuéc. Tt d6, cong thue cua M18 duge lya
chon dé bao ché tiéu phan nano AgCl dudi dang
hon dich va dang bot dong kho theo phuong
phap mo td & muc 2.1. Céc dac tinh cua tiéu
phéan nano AgCl trong hai dang nay dugc mo ta
dudi day.

3.2. Mot s6 tinh chdt Iy héa cua tiéu phan nano
AgCl trong hon dich

3.2.1. Kich thuéc, chi s6 da phan tén va
thé Zeta

Céc tiéu phan nano AgCl c6 duong kinh
trung binh khoang 80-100nm, phan bd kich
thudc twong ddi hep voi gia tri PDI thap (<0,2).
Céc tiéu phan nay c6 thé Zeta trong khoang -10
dén -20 mV.

3.2.2. Hinh dang tiéu phan

Anh chup SEM ctia hon dich (hinh 1) cho
thdy cac tiéu phan c6 nhiéu hinh dang nhung
chu yeu 1a 1ap phuong. Cac tiéu phan khong
dugc sic canh ¢ thé 1a do ching dugc bao boc
bdi PVA.

3.2.3. D9 bén vdi anh sang

Hon dich AgCl dugc cho tiép xuc voi tia
UV 254 nm trong vong 5 gio. Hon dich chuyén
dan tr mau trang anh xanh trong sang mau tim
than. So sanh pho hap thy UV-Vis ctia hdn dich
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ngay sau khi bao ché va sau khi chiéu sang co
thé nhén thiy hdn dich nano AgCl méi bao ché
chi hap thy manh trong ving budc séng nho
hon 300 nm. Sau khi cho tiép xuc véi tia UV
254 nm, kha ning hp thu cua hdn dich trong
ving 300-600 nm ting lén dang ké. AgCl
khong c6 kha ning hap thu budc séng trén 400
nm vi c6 niang lugng ving cdm (band gap) truc
tiép va gian tiép 1an luot 14 5,15 eV (= 240 nm)
va 3,25 eV (= 380 nm). Peak hap thu rong &
trong ving 300-600 nm xudt hién 13 do cong
huéng plasmon bé mat, mot hién twong hay gap
& cac tiéu phan nano kim loai ¢6 kich thudc tir
2 dn 100 nm [13]. AgCl c6 thé da chuyén
thanh Ag khi tiép xtic véi anh sang, bam tu trén
bé mat tiéu phan gy ra hién twong nay [14]
(Hinh 2).

SAB00-NINES Dk B,

Hinh 1. Hinh dang tiéu phan AgCl quan sit bang
kinh hién vi dién tir quét.

200 300 400 500 600 700
Wavelength (nm)
Hinh 2. Ph6 hp thy UV-VIS cta hén dich ngay sau
khi bao che (dudng nét lien) va sau khi chiéu UV
254 nm trong 5 gid (dudng nét dut).

3.2.4. Ban chat hoa hoc cua tiéu phan

Trén gian d6 X ray cta tiéu phan thu dugc
cO cac peak xuét hién & 20: 27,91°; 32,32°;
46,27°; 54,85°; 57,49°; 67,42°; 74,53°; 76,84°
lan Iugt twong tmg véi (111), (200), (220),
(311), (222), (400), (331) va (420) xac nhan su
hién di¢n ctia AgClI.

3.3. Mot 6 tinh chat Iy héa cua tiéu phdan nano
AgCl trong bot dong kho

3.3.1. Kich thudc, chi s6 da phan tan va
thé Zeta

Khi phéan tan lai bot dong kho vao nude ct
thu dugc hdn dich chira cac tiéu phén c6 duong
kinh trung binh khoang 90-100 nm, phin b
kich thudc twong ddi déu véi gia tri PDI khoang
0,2-0,3. Cac tiéu phan nay co thé Zeta khoang -
10 mV.

3.3.2. Hinh dang tiéu phdn: So sanh anh
chuyp SEM cua bt dong kho nano AgCl va
PVA dong kho co thé nhén thay cac tiéu phan
AgCl c6 dang gan nhu khéi cau thay vi dang
1ap phuong nhu trong hdn dich. D6 ¢6 thé 1a do
16p PVA bao boc bén ngoai céc tiéu phan AgCl
tao nén.

3.3.3. Ban chat hoa hoc cua tiéu phan

Trén phd XRD cia bot dong kho thu duoc
cO cac peak xuét hién & 20: 27,97°; 32,32°;
46,24°; 54,79°; 57,55° 67,63°; 74,50°; 76,54°
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lan luot twong @ng voi (111), (200), (220),
(311), (222), (400), (331) va (420) xac nhan su
hién dién cia AgCl. Nhu vdy qua trinh dong
kho khong lam thay d6i ban chat hoa hoc cua
tiéu phan (Hinh 5).

3.3.4. Pho hép thy tir ngoai - kha kién:

Phan tan lai 0,0410 g bt dong kho trong 5
ml nudc cit. Pha loang 10 l1an trong cing dung
mdi rdi do phd hip thy UV-VIS cua hdn dich
thu dugc trong ving 200-800 nm. Két qua cho
thy cac tiéu phan AgCl chi hap thuy manh trong
vung budc song dudi 400 nm, khong cé dinh
hép thu nao trong khoang 400-800 nm (Hinh 6).

200 —
190 —

d=2.770

180
170
160
150 7

fg 140

O 190

c 120

4 110

d=1.961

3.3.5. Tuong tac giita tiéu phan va chat
on dinh:

Trén phd hong ngoai ciia bot déng kho nano
AgCl va ciia PVA dong kho déu co cac dinh
hap thu manh tai 3319 cm™, 2940 cm™, 1734
cm™, 1090 cm™. Cac dinh nay lan luot dic
trung cho nhém -OH, -CH,-CH,-, C=0 va
nhom polyvinyl tan mach. Khéng c6 su khac
nhau dang ké giita hai phd nay tir d6 co thé so
b6 két luan twong tic gitra tiéu phan AgCl va PVA
la twong tac vat ly, khong co tuwong tac hoa hoc
(Hinh 7).

20 30 40

2-Theta - Scale

HFile: Duong BK mau AgCl say.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 1.s - Temp.: 25 °C (Room) - Time Started: 9 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi:
[W]01-085-1355 (C) - Chiorargyrite, syn - AgCI- Y: 82.94 % - d x by: 1. - WL: 1.5406 - Cubic - a 5.54900 - b 5.54900 - ¢ 5.54900 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fm-3m (225) - 4

Hinh 3. Gian d6 X ray cua tiéu phan nano AgCl.

8 %
$4800-NIHE 10.0kV 8.3mm x200k SE(M,LAO) 2/6/2015 = = '

'200nm  S4800-NIHE 10.0kV 8.4mm x1

SE(M) 4/17/2015

Hinh 4. Hinh anh chup SEM cua bdt dong kho nano AgCl (a) va ctia PVA dong kho (b).
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3.4. Bo on dinh cuia hon dich va bét dong kho dudng kinh trung binh va chi s6 da phan tan tai
nano AgCl cac thoi diém khac nhau trong vong 6 thang ké

Hon dich va bot dong kho nano AgCl dugc tir ngdy bao ché. Két qua dwoc thé hién trong
bado quan ¢ nhi¢t d§ phong, tranh anh sang, do bang 5.

=2.767

d

d=3.185
1.959

d=

0 T T T [ T T

LI N L B L N NS L B L R ) B N Y NS S B B I L Y L L B R B L B
30 40

N
S

50 60 70

2-Theta - Scale

MFite: Duong BK mau AgCl.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 80.000 ° - Step: 0.030 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 13 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.
[®]o1-085-1355 (C) - Chiorargyrite, syn - AgCI - Y: 89.11 % - d x by: 1. - WL: 1.5406 - Cubic - a 5.54900 - b 5.54900 - ¢ 5.54900 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fm-3m (225) - 4

13

Hinh 5. Phé XRD cua bot dong kho nano AgCL.
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Hinh 6. Phd hip thu UV-VIS cua bot dong kho nano AgCl phan tan lai trong nudc.
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Hinh 7. Phd hdng ngoai ctia bot dong khd nano AgCl (a) va ciia PVA dong kho (b).

Béng 5. Puong kinh va PDI cuia tiéu phan AgCl trong hdn dich va bot dong kho theo thoi gian

Thoi gian  Hon dich nano AgCl B0t dong kho nano AgCl
(ngay) Puong kinh (nm)  PDI Puong kinh (nm) PDI
0 93,7 0,210 98,6 0,217
2 94,8 0,289 93,57 0,279
4 109,8 0,293 100,7 0,249
7 110,6 0,296 96,7 0,277
14 122,5 0,323 102,8 0,297
30 244,7;% 0,329;" 922 0,226
60 351,7;" 0,356;" 93,5 0,234
90 - - 97,8 0,215
120 - - 103,6 0,257
150 - - 101,5 0,292
180 - - 98,9 0,287

# . chat lugng phép do khong dat yéu cdu

C6 thé nhan thay hdn dich AgCl chi én dinh
trong khoang 2-4 tudn. Kich thudc tiéu phan va
PDI tang dan ching to co su két tu, tao tiéu
phan to hon. Bot dong kho AgCl ¢6 d 6n dinh
cao hon han so véi dang hdn dich, duong kinh
tiéu phan trung binh duy tri & 90-110 nm trong
it nhat 6 thang voi PDI < 0,3. Tir két qua thu
dugc ching toi tién hanh danh gia kha ning giai
phéng ion Ag’ in vitro cuia bot dong kho nano
AgCl, danh gia tic dung khang khuin va xay

- : Khong tiép tuc theo ddi

dung tiéu chuan co s, hudng toi phat trién cac
dugc pham tur san pham nay.

3.5. Kha nang gidi phong ion Ag" in vitro ciia
bot dong kho nano AgCl

Phan tan lai 0,041 g bot dong kho trong 5 ml
nudc cat thu duoc hdn dich ¢6 ham luong bac
toan phan 13 0,346 mg/ml. Hat 1 ml hén dich nay
cho vao tai thir nghiém. Thé tich dung dich nhan
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13 550 ml. LAy mAu tai cac thoi diém 6, 24, 48, 72,
168 gio, thé tich mau 10 ml. Két qua thir nghiém
dugc trinh bay trong bang 6 va hinh 8.

Thu nghiém da chung t6 bdt dong kho nano
AgCl co6 kha ning gidi phong ion Ag’ in vitro
kéo dai trong 3 ngiay. Tong luong Ag’ giai
phong la hon 60%.

3.6. Tdc dung khing khudn cia tiéu phan
nano AgCl

3.6.1. Hoat tinh khang khuan cua tiéu phan
nano AgCl

Két qua danh gia hoat tinh khang khuén cia
tiéu phan nano AgCl trén hai ching vi khuén S.
aureus va E. coli bang phuong phap khuéch tan
trén thach dugc trinh bay trong hinh 9 va bang 7.

Duong kinh vong v6 khuin cua khang sinh
chtng chuan BZP dbi v6i S. aureus do duoc 1a
16,51 mm (s = 0,50) va ctia STM déi v6i E. coli

12 8,53 mm (s = 0,36). Cac mau trang khong cé
tac dung trc ché hai chung vi khuén trén.

C6 thé nhan thdy, twong ty nhu bac
sulfadiazin, tiéu phan nano AgCl thé hién hoat
tinh khang khuén trén ca vi khuin Gram (+) va
Gram (-). Tac dung khéng khuén ting dan theo
nong d6 AgCl. Puong kinh vong vo khuan khi
thu nghiém vo1 E. coli 16n hon so voi S. aureus
cho thdy E. coli nhay cam véi tiéu phan nano
AgCl hon.

3.6.2. Nong d6 kim khuén t6i thiéu va nong
d6 diét khuan t6i thiéu cua tiéu phan nano AgCl

Nong d6 kim khuan téi thiéu (MIC) va
ndéng d6 diét khuan ti thiéu (MBC) cua tiéu
phan nano AgCl d6i v6i S. aureus va E. coli
dugc x4c dinh bang phwong phap pha lodng.
Sau 18 gio 1, cic vét cdy vi khuan trong dia
Petri khong c6 hoat chét phat trién binh thuong,
tiép tuc doc két qua ¢ cac dia chira hoat chét
(Hinh 10).

Bang 6. Lugng ion Ag' giai phong tir bot dong kho nano AgCl theo thoi gian

t (gio) C (mg/ml) Q (mg) Tilé Ag giai phong (%)

6 0,124 x 10° 0,068 19,63

24 0,232x 103 0,129 37,20

48 0,351 x 102 0,197 56,82

72 0,380 x 10 0,216 62,49

168 0,367 x 10 0,213 61,53

70.00

60.00 ¢
)
S 50.00
2'&
g 4000 A
B 3000
B
22000 4
i
< 10.00

0.00 +
0 24 43 72 96 120 144 168
Théi gian (gio)

Hinh 8. Kha ning giai phong ion Ag' clia bot dong kho nano AgCl theo thoi gian.
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Hinh 9. Hoat tinh khang khuan cta tiéu phan nano AgCl va bac sulfadiazine déi v6i S. aureus (trén) va E. coli
(duéi). (a), (b) miu tring; (c), (d) bac sulfadiazine; (e), () tiéu phan nano AgCl.

Bang 7. Puong kinh vong v6 khuédn ctia tiéu phan nano AgCl va bac sulfadiazin dbi véi S. aureus va E. coli

Chiing vi Tiéu phén nano AgCl Bac sulfadiazin Mau trang
sinh vat C D s C D s B0 pha D s
" (pm)  (mm) (ppm) _ (mm) lodng _ (mm)
460 10,64 0,31 1000 11,05 0,50 1 0 -
230 9,86 0,24 500 10,60 0,39 1/2 0 -
S. aureus 115 9,51 0,47 250 10,39 0,15 1/4 0 -
57,5 9,03 0,05 125 10,48 0,16 1/8 0 -
28,75 8,35 0,28 62,5 10,46 0,22 1/16 0 -
460 10,49 0,50 1000 11,95 0,73 1 0 -
230 10,37 0,22 500 11,60 1,08 1/2 0 -
E. coli 115 9,82 0,31 250 11,77 0,34 1/4 0 -
57,5 9,35 0,41 125 11,91 0,36 1/8 0 -
28,75 9,01 0,01 62,5 11,11 0,58 1/16 0 -

Bang 8. Nong do kim khuan va diét khuan toi thiéu cta tiéu phan nano AgCl
d01 voi S. aureus va E. coli & cac mat do t€ bao khac nhau

Chung vi Mat d6 té bao MIC MBC
sinh vat (CFU/ml) (ppm) (ppm)
S gurels 10° 9,2-11,5 11,5
: 10® 11,5-15,3 15,3
6
E coli 10 9,2-11,5 11,5

108 9,2-11,5 11,5
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Hinh 10. Vi khudn S. aureus (trén) va E. coli (duéi) dwoc & v6i cac ndng dd AgCl khac nhau.
(a), (b) 15,3 ppm; (¢ ) 11,5 ppm; (e), (f) 9,2 ppm

Tai mat do 10° CFU/mL, tiéu ph4n nano
AgCl ¢6 MIC 1a 9,2-11,5 ppm va MBC la 11,5
ppm trén ca 2 chung vi khuan thir nghiém. Tai
mat 6 10° CFU/mL, MIC va MBC déi véi S.
aureus ting 1én trong khi cac gia tri nay di véi
E. coli khong d6i. Piéu nay mot 1an nita ching to
E. coli nhay cam vdi tiéu phan nano AgCl hon S.
aureus, phit hop voi két qua thu dugc trong thir
nghiém danh gia hoat tinh khang khuan.

3.7. Tac dung khdng khudn ciia thuéc mé than
nwoc AgCl

Tac dung khang khuén cua thudc m AgCl
600, 750 va 1300 ppm so vo6i kem bac
sulfadiazin 1% (SS) va mau tring (MT) trén
mot s6 ching vi khudn Gram (+) va Gram (-)
dugc trinh bay trong hinh 11 va bang 9.

Hinh 11. Hoat tinh khang khuan ctia thubc m& AgCl 600, 750, 1300 ppm va kem bac sulfadiazin 1% ddi vai mot
s6 chung vi khuan. Gram (+): (a) S. aureus, (b) B. subtilis, (c) B. cereus, (d) B. pumilus,
(e) S. lutea. Gram (-): (f) E. coli, (g) P. mirabilis, (h) S. flexneri, (1) S. typhimurium.
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Bang 9. Puong kinh vong v6 khudn ctia thue m& AgCl 600, 750, 1300 ppm
va kem bac sulfadiazin 1% dbi vi mot s6 chung vi khuan
Gram + S. aureus B. subtilis B. cereus B. pumilus S. lutea
Mau D (mm) S D (mm) ] D (mm) ] D (mm) ] D (mm) s
T™ 600 10,13 0,15 12,30 0,87 10,67 1,00 10,03 1,00 11,65 1,01
T™ 750 10,44 0,10 10,89 0,35 10,37 0,50 10,20 0,60 12,00 0,62
T™M 1300 10, 80 0,35 10,81 0,60 10,96 0,44 10,11 0,89 12,47 0,40
MT 0 0 8,33 0,12 0 0 0 0 0
SS 9,48 0,38 9,25 0,06 8,87 0,42 9,51 0,94 10,31 0,10
BZP 25,64 0,92 15,91 0,71 17,50 0,98 0 0 0 0
Gram - E. coli P. mirabilis S. flexneri S. typhimurium
Mau D (mm) s D (mm) s D (mm) s D (mm) s
T™ 600 10,17 0,15 11,19 0,34 10,58 0,33 10,13 0,55
T™M 750 9,76 0,36 11,57 0,95 10,79 0,53 9,00 0,95
TM™M 1300 9,70 0,36 11,08 0,39 10,52 0,34 9,11 0,55
MT 0 0 0 0 0 0 0 0
SS 8,01 0,01 9,05 0,20 8,91 0,25 8,07 0,63
STM 9,03 0,39 16,01 0,67 14,58 0,62 13,87 1,00

C6 thé nhan thiy thuéc md AgCl & céac
nong d6 khao sat déu c6 hoat tinh khang khuan
tdt hon hédn so véi kem bac sulfadiazine 1% trén
tat ca cac chung vi khuén thir nghiém. Déi véi
vi khuidn Gram (+), tac dung phan tan ngiu
nhién, khong biéu hién theo khuynh huéng rd
rang nao con ddi véi vi khuan Gram (-), thude
m& AgCl c6 nong d6 600 ppm lai cho tic dung
t6t nhat. Didu nay c6 thé lién quan dén kha
nang phan tan ctia bdt dong kho nano AgCl,
kich thudc tiéu phan va do dé kha ning xdm
nhap cia tiéu phan vao té bao vi khuan, kha
nang giai phong ion Ag tir dang bao ché & cac
ndng d6 khac nhau. Mau tring hdu nhu khong
c6 tac dung.

4. Két ludn

Nhu vay hdn dich nano AgCl di duogc tong
hop thanh céng nhd phan Gng tao két tua giita
AgNO; va NaCl ty 1€ mol 1 : 2 trong dung dich
nudc chira 0,7% PVA tai nhiét d0 phong. So
véi cac phuong phap dugc st dung trudc day
nhu vi nhil tuong, séng si€u dm, matrix-based
[14, 15, 16], phuong phap duoc phat trién trong
nghién ctru ndy don gian va an toan hon.

Cac tiéu phan nano AgCl trong hdn dich
cha yéu c6 dang lap phuong, dudng kinh trung

binh khoang 80-100 nm, phan b kich thudc
tuong d6i dong déu. Bot thu duoc khi dong kho
hdn dich nay chira cac tiéu phan nano AgCl co
dang gin nhu hinh ciu, dudng kinh trung binh
khoang 90-100 nm, phan b kich thudc twong
d6i dong déu. Cac dic tinh khac cua tiéu phan
nhu thé Zeta, do bén v6i 4nh sang, ban chat hoa
hoc, ban chit tuong tac v6i chat on dinh ciing
duoc xac dinh. So v6i dang hon dich, bot dong
kho nano AgCl c6 do on dinh cao hon, kich
thudc tiéu phan khong thay dbi nhiéu trong
vong 6 thang.

Tac dung diét khuén cua bac va céc hop
chét cua né lién quan tryc tiép dén kha ning
giai phong ion Ag'. Tiéu phan nano AgCl diéu
ché duoc c6 kha ning giai phong tot cac ion
Ag' in vitro trong vong 3 ngdy, c6 tic dung
khang khuén trén ca vi khuidn Gram (+) (8.
aureus) va Gram (-) (E. Coli) véi MIC va MBC
da duoc xac dinh, hira hen la mot tac nhan
khang khudn tdt, cho tac dung kéo dai.

Thuéc m& than nudc AgCl 600, 750 va
1300 ppm duogc bao ché tir bot dong kho nano
AgCl cho tic dung tdt hon hin kem bac
sulfadiazin 1% trén tat ca cac ching vi khuan
Gram (+) va Gram (-) tho nghiém. Pay 1a mot
két qua kha quan, cho phep tin tuong vao sy ra
doi cua cac thude khang khuin ngoai da c6 hiéu
lyc cao tir AgClL.
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Synthesis of Silver-Containing Nanoparticles
for Application in Pharmaceutical Products

Nguyen Thi Thanh Binh, Vu Duc Loi, Bui Thanh Tung, Nguyen Thanh Hai
VNU School of Medicine and Pharmacy, 144 Xuan Thuy, Cau Giay, Hanoi, Vietnam

Abstract: Silver chloride nanoparticles were prepared by precipitating from the reaction of silver
nitrate with sodium chloride in aqueous solution containing 0.7% poly(vinyl alcohol). The particles
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had cubic shape in suspension. They were quite polydisperse with 80-100 nm of average size.
However, the particles had spherical shape with 90-100 nm of average diameter in lyophilized powder.
We also investigated different characteristics of the nanoparticles including Zeta potential, photo-
stability, chemical properties, interaction with stabilizing agent. The lyophilized silver chloride
nanoparticles may release Ag ion for 3 days and showed strong antibacterial activities against
Escherichia coli and Staphylococcus aureus. Hydrophilic ointments containing 600, 750 and 1300
ppm silver chloride were prepared from lyophilized silver chloride nanoparticles. These formulations
showed higher antibacterial activities against Gram-positive and Gram-negative bacteria than 1%
silver sulfadiazine cream which is used as reference.

Keywords: Silver chloride, nanoparticles, poly(vinyl alcohol), hydrophilic ointment, antibacterial.



