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Tém tat: Bai béo trinh bay phuong phap diéu ché vat liéu té hgp AgNP — Curcumin — WS chitosan va
danh gia kha nang diéu tri bdng ctia t6 hop vat liéu nay. AgNP dwoc téng hop tir AgNO; véi tAc nhan

khir natri citrat, cé kich thwéc twong ddi ddng nhét, ndm trong khoang 16 — 18nm. Sy hinh thanh cta
nano bac da dwoc khang dinh théng qua phuong phap do phd UV-Vis va nhiéu xa tia X; kich thudc hat
dwoc xac dinh bang phwong phap do TEM. Danh gia kha néng khang khuan cho thay té hop vat liéu nay
¢6 kha nang e ché t6t véi ca 2 chang vi khuan Escherichia coli va Staphylococcus aureus. Két qua thé
nghiém |am sang trén thd ciing da thé hién kha rd kha nang diéu tri bdng cla vat lieu nay; cac vét
thwong béng kho, khéng cé hién tweng viem nhiém va khéng dé lai seo khi lanh.

T khéa: chitosan hoa tan; nano bac; curcumin; vat liéu tri béng; vat liéu khang khuan

1. M& dau

Theo thdng ké hang nam trén thé gidi, tai nan do
bong chiém vi tri hang du trong nhitng loai tai nan xay
ra tai gia dinh va ciing 1a nguyén nhan dang thu hai gay
ra tr vong & tré em. Vét thuong bong thuong dé bi
nhiém khuan do viing da bi ton thuong, tao diéu kién
cho vi khuan phét trién, ddc biét 1a khuan ty cau, lam
tang nguy co nhidm tring, c6 thé dan dén nhiém trung
huyét néu vi khuan bi nhidm vao mau va lan truyén trén
khip co thé. Nhiém tring huyét thudng tién trién nhanh,
c6 thé gay sdc va suy tang, de doa nghiém trong dén
sinh mang sdng.

Bong khdng chi anh huéng nghiém trong téi sic
khoe trong qua trinh didu tri ma ngay khi lanh vét
thwong, n6 con dé lai nhiéu di chiing nang, dic biét 14
khia canh thim my. Biéu tri vét thuong gdy ra do bong
la mot qué trinh dién bién phuc tap, d& bi bién ching.
Nghién ctru diéu tri bong hiéu qua ludn 1a d6i twong
guan tdm cua c4c nha y hoc véi muc tiéu thac diy
nhanh qué trinh hdi phuc va khong dé lai di ching. Qué
trinh diéu tri dién ra théng qua hang loat cac su ¢
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chdng chéo 1én nhau nhu keo tu, viém nhidm, ting
truong Va tai tao mo [1]. Pé qua trinh phuc hdi ton
thwong c6 thé didn ra mot cach hoan hao, mot sé hop
chat héa hoc dic biét, goi 1a cac chét kich thich phan
bao (cytokin), xuit hién dé gui tin hiéu dén cac té bao
[2, 3]. Cac chét nay c6 vai trd quan trong trong cac qua
trinh khoi mao, duy tri va diéu tiét cac phan ung xay ra
sau khi ton thuong xuat hién. Chinh cac chat nay la
nguyén nhan 1am cho tinh trang vét thuong c6 thé xau
di, hinh thanh seo 16i, hoc xuét hién céc phan tng viém
khong kiém soat duoc [4].

Mot s6 cong trinh nghién ctru da danh gia mot cach
dinh luong tac dung cia mdi cytokin, dong thoi tim
kiém céc tac nhan cd kha ning tac dong Ién hiéu qua
hoat dong cua cac cytokin trong diéu tri vét thuong. Cac
nghién ctru d6 da chi ra rang nano bac c6 kha ning didu
tiét giai phong tir tir céc ion bac vao dich vét thuong,
gilp diét khuén [5], didu bién, wc ché manh cac cytokin
va kich thich cytokin khang viém trong qua trinh diéu tri
vét thuong, dic biét 1a vét thuong bong. Piéu nay gilp
qua trinh hdi phuc vét thuong hoan thién hon va khong
dé lai seo.

Bén canh nano bac, chitosan - poly(B-(1-4)-2-amino-
2-deoxy-D-glucose), la polymer thién nhién cé trong vo
cac loai giap xac nhu tém, cua... [6], d2 va dang duogc
cha y sir dung lam mang tri bong do ¢6 hoat tinh sinh hoc
cao: khang khuan, khang nim, tang cuong mién dich
ctia co thé; ¢6 kha nang ting sinh té bao [7]. Vi vay, gel
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chitosan da va dang duoc sir dung nhiéu trong diéu tri
bong mod [8, 9]. Ngoai ra, curcumin chiét tach tir nghé
duoc biét dén 1a chét cé tac dung gilp vét thuong chong
lanh, tri tham, lién seo [4].

V6i myc tiéu diéu ché mang tri bong c6 kha ning
khang khuan, thuc ddy nhanh qua trinh 1am lanh vét
thuong, chdng sy hinh thanh mé seo 16i, chung toi sir
dung chitosan hoa tan (WS chitosan), nano bac va
curcumin dé tao td hop vat liu AgNP — Curcumin —
WS chitosan, tng dung trong diéu tri vét thuong gay ra
do bong.

2. Thwc nghiém
2.1. Nguyén liéu va hoa chat

Céc hoa chat sir dung trong nghién ctiru AgNOs(r),
chitosan hoa tan (WS chitosan) thudc loai tinh khiét cua
hing Sigma, Aldrich. Méi truong nudi cdy vi khuin
dugc sir dung cho nghién ctru tinh khang khuan bang
phuong phap khuéch tan dia 1a Mueller-Hinton (Bio-
RAD). Vi khuan gdc Escherichia coli (E. coli) va
Staphylococcus aureus (S. aures) dugc cung cap tir
Khoa Vi sinh, Bénh vién Da Nang.

Tho duoc sir dung dé nghién ciru 1a thd truong
thanh, dwoc nudi nhdt riéng trong sudt qua trinh thi
nghiém. Chudng nudi duge vé sinh sach s& hang ngay
dé tranh lay nhiém trang vét thuong bong do céc tac
dong ctia yéu té bén ngoai.

2.2. Phwong phap nghién ciru
2.2.1. Biéu ché dung djch nano bac

Cho vao cbc phan tng 125ml dung dich AgNOs;
5mM, dung dich duoc dit trén may khudy tir gia nhiét
dén 90°C, khuay déu trén may khudy tir voi téc do 200
vong/phat. Nhé tir tir tirng giot 5ml dung dich natricitrat
1% vao dung dich AgNOs trén. Tiép tuc duy tri nhiét do
phan &mg & 90°C va khudy déu trong 20 phat. Hon hop
phan ing chuyén dan tir khdng mau sang vang dam dén
nau sim, ching to ¢6 su hinh thanh AgNP. San pham keo
AgNP duge dé nguoi dén nhit do phong va luu gilr ¢
4°C den khi st dung.

2.2.2. Tao té hop vat liéu AgNP — Curcumin —
WS chitosan

Hoa tan 0,1 gam curcumin vao 1ml con tuyét dbi,
khudy déu thu dwoc dung dich long sét. Thém tiép 2
gam WS chitosan vao hdn hop trén, tiép theo cho thém
vao 5ml dung dich nano bac (500 ppm), khudy tron ki
dé tao hon hop dong nhat. Pay kin va bao quan hdn hop
vat liéu AgNP — Curcumin — WS chitosan ¢ 4°C cho
dén khi st dung.

2.2.3. Phan tich cac dac trung vat ly cuaa vat liéu

Phé UV-Vis caa AgNP trong dung dich WS
chitosan dwoc ghi lai trén may do UV-Vis 2 chum tia
Perkin-Elmer Lambda trong khoang budc song tir 350 +
600 nm. Cu tric tinh thé cua cac hat AgNP trong nén
WS chitosan duoc xac dinh bang nhidu xa tia X trén
may Bruker AXS D8 Advance. Kich thudc hat AgNP
dugc xac dinh thong qua chup TEM c¢6 d6 phén giai cao
trén may JEOL JEM 1100.

Thanh phan hoéa hoc cua vat liéu t6 hop AgNP —
Curcumin — WS chitosan duoc xac dinh dua vao viéc
ghi lai phd tan xa nang luong tia X.

2.2.4. Panh gid kha ning khéang khuan cda vat
liéu té hop AgNP — Curcumin — WS chitosan

Tinh khang khuan cta vét lidu t6 hgp AgNP —
Curcumin — WS chitosan dugc danh gia thong qua kha
nang tc ché cua mang ddi v6i vi khuén bang phuong
phap khuech tan dia tren moi truong nu01 cay agarose.
Mau duoc tdm trén gidy loc, dat trén nén dinh dudng
agarose dd duoc cdy sin vi khuin can nghién ctu, U &
37°C. Sau 24 gio, dung thuéc do duong kinh vong tic
ché @ danh gia kha niang khang khuin. Puong kinh
vong (rc ché cang rong thi kha ning (rc ché cia mang
véi vi sinh vat d6 cang hiéu qua.

2.3.5. Ther nghiém kha nang trj bong cda vat
liéu t6 hop AgNP — Curcumin — WS chitosan
trén tho

Kha ning trj bong cia to hop vat liéu AgNP —
Curcumin — WS chitosan du’O’C thr nghiem trén tho 3
thang tudi co trong lugng xap xi 2 kg Vét gay bong co
tiét dién (1 x 1) cm2duogc thuc hién bang cach ap miéng
nhom da duge ddt nong trén bép gas trong 2 phit 1én vi
tri gdy bong da dugc cao 16ng. Tién hanh gay bong tai 4
vi tri doc 2 bén lung cua tho. Cac vét bong duogc v¢ sinh
hang ngay va boi cac mau thude thir nghiém.

+ Vét bong 1: Khong sir dung bét ky loai thude nao,
dé vét bong lanh ty nhién.

+ Vét bong 2: B6i WS chitosan 1én vét bong.

+ Vét bong 3: Boi to hop vat lisu AgNP — WS
chitosan 1én vét bong.

+ Vét bong 4: Sir dung hdn hop vat lisu AgNP —
Curcumin— WS chitosan da phéi tron ¢ trén boi 1én vét bong.

Quan st cac vét bong trong qua trinh phuc hoi vét
thuong bong, danh gia va rit ra két luan.

3. Két qua va thao luan

3.1. Téng hop AgNP ttr AgNO3 va natricitrate
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Dung dich keo AgNP dugc diéu ché tir moi truong
dong thé thong qua qua trinh khir AgNOs bang natri
citrat theo quy trinh 2.2.1. lon citrat c6 kha nang khw
ion Ag* thanh tap hop nguyén ti bac c6 kich thuéc
nano. Nong d6 cua chat khir natri citrat va tién chat
AgNO3s, nhiét do, thoi gian phan @ng la nhiing yéu t6
quyét dinh dén kich thuéc cac hat AgNP tao thanh.
Dung dich AgNO3 ban dau khéng mau, khi thém chat
khir natri citrat, dung dich chuyén dan sang mau vang

a) ol S phit

XX an 10 phit
| i b 15 phit
20 phit

nau, rdi dén nau den nhu trinh bay & hinh 1b, ching to
cac hat AgNP da dugc hinh thanh. Pay la cac hat keo
duong, duoc 1am bén boi ion citrat con du trong dung
dich. Nhu vay, ion citrat ngoai déng vai tro chat khir, no
con la tac nhan 1am bén hat keo AgNP, tranh hién twong
dinh két, tap hop tao thanh cac hat c6 kich thudc Ion
hon, lam giam tinh chat quy vén c6 cua hat c6 kich
thudc nano.

Hinh 1. a) Pho UV -vis cua dung dich AgNP; b) Mau sac cua dung dich keo AgNP
dwot diéu ché véi cac thoi gian khac nhau

Hinh 1a trinh bay phé UV-Vis cua dung dich keo
AgNP diéu ché ¢ cac thoi gian khac nhau. Theo thuyét
Mie, dinh hép thu cuc dai cia hat nano s€ chuyén vé
ving ¢ bude song 16n khi kich thudc hat tang 1én, nong
d6 hat keo nano cang cao thi d6 hap thu quang cang 1on.
Két qua do phd UV-vis cho thdy 5 phut dau 14 giai doan
tao thanh mam tinh thé AgNP tir cac ion bac nén cuong
d tin hiéu cong huong plasmon ghi duoc 1a rat bé. Tur
pht thir 10 tro di, dung dich phan ng c6 su thay doi
mau dang ké, dinh hap thu cuc dai quang phé plasmon
bé mit cua AgNP dich chuyén vé budc séng lén hon,
cuong do hap thu ciing ting. Diéu nay chiing t6 ¢ su
gia ning nong do, ciing nhu sy thay ddi kich thudc hat

{%*‘s

Hinh 2. Anh TEM ciia AgNP

3.2. Tao vat liéu t6 hgp AgNP — Curcumin - WS
chitosan

Ching tdi tién hanh tao vat liéu t& hop AgNP —
Curcumin — WS chitosan theo muc 2.2.2. San pham thu
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keo AgNP tao thanh. Két qua nay hoan toan phu hop
véi hinh anh mau ghi nhan dugce 6 Hinh 1b.

Kich thuéc hat keo AgNP tao thanh (thuc hién phan
g & 90°C, 20 phat, AgNOs 5mM) dugc thé hién kha
rd ¢ Hinh 2 thdong qua chup TEM. Cac hat AgNP c6
kich thudc kha dong déu, phan bé trong khoang 16 -18
nm. Két qua phan tich nhidu xa tia X caa mau AgNP &
Hinh 3 cho thay céc nhidu xa Brag & céc gié tri 20 bang
38.25°, 43.95°, 64.5° va 77.21°, dic trung cho cac mat
(111), (200), (220) va (311) twong wng trong mang lap
phuong tam mat caa Ag [10]. Véi nhiing dinh nhiéu xa
nhan duoc trén, ta c6 thé hoan toan khiang dinh mau san
pham di tong hop chinh 13 AgNP.
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Hinh 3. Gian d6 XRD ciia AgNP trong nén WS chitosan

duoc c6 mau ndu vang, hoi sét; khi boi 1én da hinh thanh
mot 16p mang min, c¢6 kha nang bam dinh tét trén da.

3.3. Xac dinh thanh phan cda vat liéu té hop
AgNP — Curcumin - WS chitosan
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D6 ddng nhit cia mau san pham, thanh phan céc
nguyé td ciia vat liéu t6 hop & céc vi tri khac nhau trong
miu dugc xac dinh bang cach do phd tan xa ning
lugng tia X. Két qua thu dugc thé hién ¢ Hinh 4 cho
thiy ngoai cac dinh c6 cuong do cao ciia nguyén t6 C, O
¢6 trong thanh phan cua curcumin va WS chitosan, trén

002

gian dd con c6 xudt hién thém dinh nhidu xa cua bac
kim loai ¢ gia tri nang lugng 2,983 keV. Thanh phan %
nguyén 6 bac trong cic mau xac dinh dugc 1 kha dong
nhét, chiém 0,01%. Diéu nay chimg to AgNP phan tan
kha dong nhét trong t6 hop vat lidu.
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Hinh 4. Phé EDX cua vt liéu té hop AgNP — Curcumin — WS chitosan

3.3. Panh gia kha niang khang khuan cia vat
liéu t6 hop AgNP — Curcumin - WS chitosan
Chiing t6i tién hanh danh gi4 kha ning khang khuén
theo muc 2.2.4Error! Reference source not found. dbi
v6i vat lidu t6 hop AgNP — Curcumin — WS chitosan véi
hai ching vi khuan: Gram (-) Escherichia coli va Gram
(+) Staphylococcus aureus (khuan tu cau vang). Két qua
{rc ché vi khuan ¢ Hinh 5 cho thy kha nang khang khuan
ctia AgNP nho hon cua vt ligu té hgp AgNP — Curcumin

— WS chitosan. Dung dich keo AgNP c6 kha nang khang
kha t6t d6i véi vi khuan Gram (-) Escherichia coli, tmg
v6i duong kinh vong te ché 1a 10 mm va vi khuan Gram
(+) Staphylococcus aureus ung véi duong kinh vong e
ché 1a 12 mm. Trong khi do6, vét liéu t6 hop AgNP —
Curcumin — WS chitosan thé hién kha nang khang khuan
t6t hon v6i duong kinh vong tron (e ché dbi véi vi khuan
Gram (-) Escherichia coli va vi khuin Gram (+)
Staphylococcus aureus 1an luot 1a 12 mm va 14 mm.

Hinh 5. Khang khudn d ciia dung dich keo AGNP (1) va Vat liéu t6 hop AgNP — Curcumin — WS chitosan (2) sau 24 gio i
doi voi: (a) Escherichia coli, (b) Staphylococcus aureus (khudn tu cau)

3.4. Panh gia kha ning tri béng cua vat liéu téd hop AgNP — Curcumin — WS chitosan
Két qua thir nghiém kha nang diéu trj bong cia t6 hop vat liéu dugce trinh bay ¢ Hinh 6.
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Sau 15 ngay

Hinh 6. Qud trinh hoi phuc vét thwong sau diéu tri; (1) chi rira vét thiong, d@é tw hoi phuc; (2) Dung dich WS
chitosan; (3) AgNP - WS chitosan; (4) AGQNP — Curcumin — WS chitosan

Sau 3 ngay diéu tri, vi tri gay bong (1) c6 hién
tugng viém, xuat hign cac not phong ¢6 vom day, dich
ndt phong trang dyc, day vét phong c6 mau tim sam,
dam da bong wdt, go cao hon so véi ving da lan can; vét
(2), (3), (4) xuat hién vai nét phong chira dich vang
nhat, day vét phong c6 mau hong mau, chua cé tién
trién ro rét.

Sau 15 ngay, & vi tri gay bong (1): Vét bong da
kho, tuy nhién van chua lanh han, té bao chét van con
bam chat vao vét bong; vi tri gay bong (2) va (3): Qua
trinh hoi phuc nhanh hon so véi vi tri gay bong (1), vét
bong da dan hoi phuc nhung van con dé lai seo; vi tri
gay bong (4): Vét bong phuc hoi hoan toan, da hinh
thanh béng min va khong c6 diu hiéu seo, 16ng da bat
dau moc tra lai.

Tir két qua thir nghiém 1am sang ban dau trén tho
cho thy to hop vat lieu AgNP — Curcumin — WS
chitosan c6 tac dung 16 trong diéu trj bong, khong co
hién tuong hinh thanh cac s¢o 16i. Chinh sy phong thich
dan cac ion bac tir cac hat nano bac da gitip tiéu diét
khuan, tranh nhidm tring vét thuong va ngin chin hién
tuong tao seo 16i; WS chitosan xtic tién cho viéc hinh
thanh cac mo6 méi [8, 9]; curcumin ciing ngén can sy tao
thanh seo trén vét thuong.

4. Két luan

Vit ligu t6 hop AgNP — Curcumin — WS chitosan
hoa tan thé hién tinh khang khuan tét véi hai chiing vi
khuan: Gram (-) Escherichia coli va Gram (+)
Staphylococcus aureus (khuan tu cau vang). Két qua thir
Iam sang trén tho cho thdy vat liéu to hop nay cd kha
ning diéu tri bong tot, cac vét thuong bong khd, khéng
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¢6 hién twong viém nhiém va khong dé lai seo. T6 hop
vat liéu nay co thé tiép tuc nghién ciru dé trien khai tng
dung trong diéu tri bong cé hiéu qua trén nguoi.
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FABRICATING SILVER NANOPARTICLES - CURCUMIN — WATER SOLUBLE CHITOSAN
COMPOSITE AND EVALUATING ITS CAPACITY FOR BURN TREATMENT

Abstract: This paper presents a method for fabricating AGQNP — Curcumin — WS chitosan composite and evaluating its capability
for burn treatment. The size of AgNP synthesized from AgNO3 using sodium nitatre as a reducing agent was in the range of 16 to 18
nm. The formation of the synthesized AgNP was characterized by means of the UV — Vis method and X-ray diffraction (XRD); the size
of the synthesized AgNP was specified via the TEM method. Antibacterial tests against Gram-negative and Gram-positve bacteria
showed that the synthesized sample demonstrated significant effects against both Escherichia coli and Staphylococcus aureus.
Clinical tests on rabbits resulted in the fact that the burns was dry and disinfected, especially with no scars left after healing, which
proved the capability for burn treatment of this material.

Key words: water soluble chitosan; silver nanoparticle; curcumin; antibacterial materials; burn treatment materials.
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