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TOM TAT

Céc hé nano phan phdi thudc dugc xem 1a huéng tiép can day tiém niang dem lai hiéu qua cao
trong diéu tri nhiéu loai bénh nho kha nang phéan phdi thudc tét va tinh hudng dich cao. Trong nghién
ctru nay, hé vat liéu nano t6 hop mang khang sinh (Ag-TiO,-Doxycycline-Alginate) da dugc tong hop
qua nhiéu budc. Cac dic trung cia hé nano da dugc xac dinh bang kinh hién vi dién tir quét phat xa
truong (FE-SEM), phuong phap nhiéu xa tia X, phd hong ngoai IR va phwong phép tan xa anh sang
dong DLS. Hé nano c6 kha ning khang tot ddi véi vi khuan Vibrio alginolyticus giy bénh trén tom.
Nong d6 tc ché tdi thiéu va ndng do tiéu diét téi thiéu cua hé nano ddi véi vi khuan V. alginolyticus
dugc xac dinh lan luot 12 40 ppm va 55 ppm.
Tiur khéa: Ag-TiO», Doxycycline, khang khang sinh, vat liéu nano, Vibrio alginolyticus.

Nhdn bai: 02/06/2017  Hoan thanh phan bién: 13/06/2017 Chdp nhén ding: 30/07/2017

1. MO PAU

Trong nhitng ndm gan day, nghé nudi tém chan tring (Litopenaeus vannamei) dang
phai d6i mit v6i nhiéu thach thirc 16n trong d6 dich bénh do nhiéu vi khuan Vibrio spp.
thuong xuyén dan dén sut giam san luong va chét luong san pham. Thudc nhém vi khuén
nay, Vibrio alginolyticus da duoc chimg minh c6 lién quan téi cac bénh nguy hiém trén tom
nhu hoi chimg hoai tir gan tuy (Nguyén Thi Thuy Giang va cs., 2016) va bénh phén tring
(Somboon va cs., 2012). Dé chira tri cic bénh nhiém khuén trén tom, thudc khang sinh
thuong duoc st dung, nhung hién nay phuong phap nay khong con dugc wa chudéng. Nguyén
nhan chinh 1a do tinh trang khang thudc khang sinh & vi khuin ngay cang ting va ton du
khang sinh trong san pham thiy san dem lai lo ngai cho ca ngudi nudi tom 1an ngudi tidu
ding (Holmstrém va cs., 2003). Pung trudc tinh hinh d6 can c6 cac phuong phap nghién ctru
va chita tri mdi. Mt trong nhiing xu hudng dugc danh gia cao hién nay la ung dung cong
nghé nano. Dic biét, h¢ nano van chuyén thudc gitp ting tinh huéng dich va ting hiu qua
tac dong cua thudc 1én tac nhan gay bénh (Huh va Kwon, 2011).

Nano TiO; dugc biét dén v6i kha ning diét khuin phd rong do tinh chit xuc tac
quang manh va cac tinh chét wru viét khac nhu bén hoa hoc va khong gy doc. Tuy nhién, han
ché cua vat licu nay nhu doi hoi chiéu xa UV va su tai két hop nhanh chong cua cac cap dién
tir va 16 trong dan dén viéc phai sir dung két hop véi cac kim loai nhur Au, Pd va Ag. Nano t6
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hop TiO2-Ag di dugc chimg minh 1a ¢6 tinh khang khuan cao ngay ca trong diéu kién khong
chiéu xa UV (Amin va cs., 2009). Ban than nano Ag ciing dugc chimg minh cé tinh khang
khuén manh, c6 kha nang han ché va tiéu diét su phat trién ctia vi khuin, nAm méc va thaim
chi ca vi rat, tuy nhién, Ag kho thu hdi sau khi str dung vi mot miat gay lang phi, mat khac
gy 6 nhiém, anh hudng dén méi trudng sinh thai (Dung va cs., 2009). Chinh vi vay sir dung
nano té hop TiO2-Ag Vira 1am giam cac mit han ché caa mdi loai vat ligu dong thoi van ting
cuong hoat tinh diét khuan cua ching. Khang sinh Doxycycline 1a khang sinh phd rong
thudc nhom Tetracycline, tac dong 1én ca vi khuan Gram 4m va Gram duong. Tinh khang
khuén cua Doxycycline duoc thyc hién nho tic dong 1én ribosom va mang bio twong cua vi
khuan (Dugc dién Viét Nam, 2002). Tét ca céc thanh phan néi trén duoc boc trong polymer
Alginate — mot tac nhan lam bén hé phan tin nano, giup kiém soat qua trinh phong thich
thudc tir hé chat mang.

Trong nghién ctru nay, ching t6i tip trung ché tao hé vét liéu nano to hop Ag-TiO;
mang khang sinh Doxycycline va buéc dau khao sat kha ning diét khuan Vibrio
alginolyticus gy bénh trén tom thé chan tring, tir d6 dénh gia trién vong tmg dung phuong
phap nay trong phong va tri bénh vi khuén trén tom trong thuc té.

2. NOI DUNG VA PHUONG PHAP NGHIEN CUU
2.1. P6i twong va vat ligu nghién ciru

- Hé vat liéu nano t6 hop Ag-TiO, mang khang sinh Doxycycline (viét tat 1a Ag-TiO.-
Dox-Alg) dugc tong hop tai Vién Khoa hoc Vat liéu, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam.

- Vi khuén Vibrio alginolyticus ching X7 phan 1ap tir Tém chén trang (Litopenaeus
vannamei) bi bénh phan tring tai Khoa Thuy san, truong Pai hoc Néng Lam, Pai hoc Hué.
2.2. N§i dung nghién ctru

- Tong hop va khao sat cac dic trung cua hé nano Ag-TiO,-Dox-Alg.

- Panh gia hiéu lyc diét khuan Vibrio alginolyticus ciia hé nano Ag-TiO,-Dox-Alg.
2.3. Phuwong phap nghién ciru
2.3.1. Tong hop hé vt liéu nano té hop mang khang sinh (Ag-TiO2-Dox-Alg)
2.3.1.1. Héa chat

- TiO, thwong pham (tén thuong mai la P25-Degusa) (Merck).

- Bac nitrat: AgNOs (Sigma).

- Natri bohidrua: NaBH4 (Nhat Ban).

- Alginate (M= 3000) (Sigma).

- Amoni hydroxit d¢ tinh khiét 28%: NH4OH 28%, (Trung Quéc).

- N-Hydroxysuccinimide: NHS (Sigma).

- N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride: EDC (Sigma).

- Ethylene diamine: EDA (Sigma).

- Doxycycline (Merk).
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2.3.1.2. Phuong phép ché tao
- Tong hop hat nano Ag trén nén Alginate:
Hat nano bac duoc hinh thanh trén nén Alginate (ky hiéu Alg/Ag) dya trén phan tng:
2AgNQO; + 2NaBHs — 24g + 2NaNO3 + BzHg + Ha

Cac budc thyc hién: Hoa tan 100 mg Alginate trong 20 mL nudc cat, khuay trong 2
gi0, khong gia nhiét. Nho tir tir dung dich 0,01M AgNOj3 vao dung dich Alginate dudi diéu
kién khudy tron manh dé AgNO; phan tan dong nhat vao dung dich Alginate trong 45 phiit,
dugc dung dich A (AgNOs/Alg). Can 0,15 g NaBH4 (dam bao NaBHs du), hoa tan hoan toan
trong 20 mL nuéc, nhanh chéng nho giot vao dung dich A trong diéu kién khudy manh va
khong gia nhiét.

- Tong hop hat nano Titan dioxide trén nén Alginate:

Hoa tan bot nano TiO, P25 kich thude 25 nm vao 100 mL nude cit. Khudy tir khong
gia nhiét trong vong 2 tiéng thu dugc dung dich huyén phu. Alginate mach dai dugc hoa vao
nude cat, khudy tir khong gia nhiét 45 phat dé thu dugc dung dich dong nhét, trong sudt.
Phan tan hat nano TiO; trén nén Alginate dé tao hat nano Alg/TiO2 biang cach nho tir tir mot
luong xéac dinh dung dich TiO2 vao dung dich Alginate, khudy tir khong gia nhiét 12 tiéng.

- Tong hop hé vit liéu nano té hop Ag - TiO, trén nén Alginate:

Vit lidu nano t6 hop Ag - TiO; trén nén Alginate (Alg/AgNPs-TiO,) dugc tong hop
bang phuong phap phéan tan ex situ, phdi tron cac thanh phan Alg/Ag va Alg/TiO,. Cu thé,
tron 7,5 mL dung dich Alg/TiOz ndng do 1500 ppm vao 10 mL dung dich Alg/Ag ndng do
200 ppm, khudy manh trong 1 gio tai nhiét d6 phong.

- Phuong phdp hoat héa dung dich Alginate:

Hoa tan 200 mg Alginate mach dai trong 40 mL nué6c cét, khudy tir khong gia nhiét
trong vong 1 gio thu duoc dung dich nhét dong nhat. Khuiy dung dich Alginate véi 60 mg
EDC trong nudc trong vong 20 phit. Tiép tuc nhé giot dung dich NHS (40 mg NHS trong
nude) vao hdn hop noi trén thu dugc Alginate hoat hoa, tién hanh khudy tir khong gia nhiét
trong 1 gio.

- Phurong phdp mang khdng sinh Doxycycline Ién hé vt liéu nano té hop Alg/AgNPs-TiOy

Hoa tan 250 mg khang sinh Doxycycline trong 10 mL nu6c cat, khuay tir khong gia
nhiét. Nho tir tir dung dich ndy vao 50 mL dung dich Alginate hoat hoa, sau dé tiép tuc nho
giot 250 uL EDA, khudy khong gia nhiét trong 1 gid ta thu duoc dung dich Dox-Alg (dung
dich B). Phéi tron dung dich B vao dung dich Alg/AgNPs-TiO,. Tiép tuc khudy cho dén thé
tich khéng dbi V = 50 mL, trong diéu kién khong gia nhiét. San phim duoc tién hanh do
quang pho hip thu UV-vis dé x4c dinh kha ning mang khang sinh.

2.3.2. Cdc phuong phap nghién curu ddc trung cua hé vat liéu nano

- Phwong phap kinh hién vi dién tr quét phat xa truong FE-SEM (TB Hitachi S-4800) dung
cho danh gia hinh thai va kich thudc hat.

- Phuong phap nhiéu xa tia X (Thiét bi Siemens D-500) dung dé xac dinh dic trung cau trac
tinh thé,
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- Phuong phép hong ngoai xa FTIR (Quang phd FTIR, SHIMADZU) bang hat KBr trong
viing song s6 400 — 4,000 cm™ dic trung lién két hoa hoc vo co — hitu co.
- Phuong phap phd Zeta, phuong phap tan xa anh sang dong DLS (médy do nano Zetasizer,
Malvern UK) ding dé x4c dinh sy phan b6 kich thudc va thé ning Zeta.
2.3.3. Ddnh gid hiéu lyc diét khuan V. alginolyticus cia hé vdt liéu nano té hop mang khéng sinh
2.3.3.1. Phuong phép khuéch tan dia thach (Agar diffusion test) x4c dinh d¢ nhay cta vi khuan
Lay 200 pL dung dich vi khuan V. alginolyticus c6 nong d6 10° CFU/mL dan déu
trén miat thach CHROMagar™. Cac khoanh gidy tham (97,8 mm) dugc ngdm béo hoa trong
dung dich nano Ag-TiO;-Dox-Alg & cic nong d6 khac nhau hoic trong dung dich nano
Doxycycline 30 ppm sau d6 duoc dit 1én dia thach da ¢ vi khuan, nuéi & 37°C. Sau 24 gio,
xac dinh dudng kinh vong khang khuan (PKVKK) bang thudc kep. PKVKK thyc té 1a
PKVKK do duoc trir di 7,8 mm. Nghiém thirc ddi ching thay nano bang nudc cat. Thi
nghiém duoc lap lai 3 lan.
2.3.3.2. Phuong phap xéc dinh ndng do & ché tdi thiéu va nong do tiéu diét téi thiéu cua hé nano
Nong d6 trc ché tdi thiéu va ndng do6 tiéu diét toi thiéu dugc xac dinh dya theo
phuong phap cua Petrus va cs. (2011) c6 cai bién. Tién hanh nuéi vi khuin trong méi trudng
pepton kiém 16ng (APW) & 37°C cho dén khi ODggo = 0,8 tuong dwong 6x108 t& bao/mL
(Schauer va cs., 2012). Chuén bi cac 6ng nghiém vo trung chira 8,8 mL APW, b sung 1 mL
nano Ag-TiO,-Dox-Alg c6 ndng do khac nhau, sau d6 thém 0,2 mL dung dich vi khuan &
trén vao. Nghiém thtrc ddi chimg c6 bd sung vi khuén nhung khéng bd sung nano ma bd
sung 1 mL APW. Nubi cac éng nghiém & 37°C, lic 200 vong/phut, quan sat & 18 gid, 24 gid
va 36 gio.
Tai mdi thoi diém trén, 1dy dich trong dng nghiém pha lodng thanh cac ndng d6 10°°,
107 va 108 bang nudc mudi sinh 1y, 1ay 100 pL cdy trai trén dia petri chira moi truong thach
pepton kiém, nudi & 37°C, 24 gid, sau d6 dém sb khuan lac. M4t d6 vi khudn trong 6ng
nghiém (CFU/mL) = sb khuén lac x hé sb pha lodng/0,1). Thi nghiém duoc 13p lai 3 lan.
Nong d6 trc ché tdi thiéu (Minimum inbibition concentration - MIC) duoc dinh nghia
1a ndng d6 thap nhat cua dung dich nano tai d6 su phat trién cta vi khuan khong phat hién
dugc bang mét thuong (moi truong khong bi duc). Nong do tiéu diét téi thiéu (Minimum
bactericidal concentration - MBC) 1a ndng d6 thap nhat cta hé nano tai d6 vi khuén bj tiéu
diét > 99,9%.
2.3.3.3. Phuong phép xur 1y s6 liéu
S liéu nghién ctru dugc xir Iy theo phuwong phap théng ké sinh vat hoc trén phan
mém Microsoft Excel 2010 va SPSS 22.0.
3. KET QUA VA THAO LUAN
3.1. Két qua dic trung caa vat liéu nano Ag-TiO,-Dox-Alg)
3.1.1. Ddc trung hinh thai hoc cia Ag- TiO2-Dox-Alg
Thong qua hinh anh chup FE-SEM ctia Ag- TiO,-Dox-Alg (Hinh 1) ta thiy cac hat c6
xu hudng két dinh lai voi nhau do polymer Alginate c6 tinh chét tao dung dich d nhét cao.
Sy phan bé cua cac hat trong polymer 1a ddng déu. Kich thudc cac hat déu trong khoang tir
70 - 80 nm, bé mit cac hat tron nhin.
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IMS-NKL 5.0kV 5.4mm x60.0k

Hinh 1. Anh FE-SEM ctia h¢ nano Ag- TiO,-Dox-Alg.

3.1.2. Két qud nhiéu xa tia X
Dic trung cdu tric tinh thé cta cic miu Alg/Ag va Alg/TiO; dugc xac dinh bang
phuong phap nhidu xa tia X (XRD) (hinh 2 va 3). Qua két qua nay co thé nhén théy:

+ Céc pic trén phd XRD rét rd nét, cac dam phd chinh co cudng do cao, dudng nén
ciia cac mau kha bang phing, khong 13n pha la ching to vat liéu tdng hop duge co chat
lwong tét.

+ Ap dung cong thirc Scherrer ta tinh dugc kich thudc trung binh ciia cac hat nano
Alg/Ag va Alg/TiO, tuong Ung la khoang 34 nm va 30 nm.

+ Tir gian dd nhidu xa tia X ctia TiO2/Alg ta c6 thé tinh dugc thanh phan cta cac pha
anatase va rutile trong mau Alg/TiO; theo cac phuong trinh:

1 . 1
1 ; Ham lugng anatase (%) X = —

1+08-4 1+1,26.|—R

R A

Ham luong rutile (%) y =

Trong d6: Ia 1a cudng d6 nhidu xa clia anatase tmg véi mit phan xa (101), Ir 1a
cudng do nhiéu xa cua rutile ing véi mat phan xa (110). Dua vao cac cong thic trén, ta xac
dinh dugc ham luong anatase va rutile twong Umg 1a 57% va 43%.

Faculty of Chemistry, HUS, VNU, D8 ADVANGE-Bruker - Ag NPs
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Hinh 2. Pho XRD cua mau nano Alg/Ag.
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Hinh 3. Pho nhidu xa tia X ciia cac hat nano Alg/TiO..
3.1.3. Pho IR ciia hé vt li¢u

Dua vao Hinh 4 ta thdy trén phd IR cta Alginate, dai hap thu o tan sé 3.432,41 cm™,
1.104,61 cm™, 1.644 cm'! dugc gan lan luot cho dao dong O-H, C-O-C, C=0. Trén phd IR
ctia mau Dox-Alg (Hinh 5) cho thiy céc pic dic trung cho cac dao dong cua lién két O-H, C-O-C,
C=0 lan luot dich chuyén vé ving tan s6 3.438,99 cm™; 1.105,43 cm™; 1.638,78 cm'’. Pidu do
churng to c6 su tuong tac gitra khang sinh va Alginate.
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Hinh 4. Pho IR cta Alginate. Hinh 5. Pho IR ctia h¢ Dox-Alg.
3.1.4. Pho DLS cua hé vat lieu
Size (d.nm): % Intensity Width (d.nm):
Z-Average (d.nm): 222.0 Peak 1: 259.8 100.0 88.45
Pdi: 0.144 Peak 2: 0.000 0.0 0.000
Intercept: 0.944 Peak 3: 0.000 0.0 0.000
Result quality: ©
Size Distribution by Intensity
12
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3
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Size (d.nm)

Hinh 6. Phd DLS cua hé Ag-TiOz-Dox-Alg.
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Két qua phd DLS (Hinh 6) cho thay véi kich thudc thuy dong khoang 222 - 260 nm
(I6n hon nhiéu so véi kich thude do trén SEM), hé Ag-TiO-Dox-Alg cho thay tinh wa nuéc
cua I6p vo polymer, tao cho hé kha ning tuong thich sinh hoc tt. Chi s6 da phan tan PdI kha
nhé chang to hé c6 tinh dong nhat cao, do d6 c6 thé duy tri trang thai phan tan trong thoi
gian dai.
3.2. Két qua nghién ctru kha niing diét khuan V. alginolyticus ciia hé nano Ag-TiO.-
Dox-Alg
3.2.1. Két qud khdo sdt dé nhay cia V. alginolyticus doi véi hé nano Ag-TiO2-Dox-Alg

Két qua duong kinh vong khang khuan duoc thé hién ¢ Hinh 7 va Bang 1 cho thay
hé nano Ag-TiO,-Dox-Alg c6 kha niang khang tét vai V. alginolyticus ching X7. Tinh khang
¢6 xu huéng ting 1én khi ndong do nano ting va tét nhat & 45 ppm. Khang sinh nano
Doxycycline 30 ppm c6 dudng kinh khang khuin khong sai khac vé mat théng ké véi duong
kinh khang khuan cua hé nano Ag-TiO2-Dox-Alg & nong d6 30 ppm. Tuy nhién, diéu nay c6
thé do trong qua trinh ché tao vat liéu nano, mot lugng nho khang sinh da bi mat hoat tinh
nén tinh khang cong hgp cia nano Ag-TiO- véi khang sinh da bi giam di.

Hinh 7. D% nhay cua vi khuan V. alginolyticus ddi véi hé nano Ag-TiO,-Dox-Alg & cac ndng do 30 ppm,
35 ppm, 40 ppm va 45 ppm. KS: ddi chirng Doxycycline 30 ppm. Hz0: dbi ching nuéc cét vo trang.
Bang 1. Két qua duong kinh vong khang khuan

Nghiém thic 30 ppm 35 ppm 40 ppm 45 ppm KS
Buong kinh vong
khang khuan 11,2+0,40a 16,1+0,23b  18,2+0,38¢c  19,7+0,35c 10,8+0,31a

(mm) (M+SD)

M=SD: trung binh mau; + do léch chudn; Cac ki ar a, b, ¢ thé hién su sai khdc ¢6 y nghia th(fng ké (p<0,05).
3.2.2. Két qud sang loc nong dé irc ché tai thiéu va nong dé tiéu diét toi thiéu cua hé nano
Ag-TiO-Dox-Alg doi véi vi khuan V. alginolyticus

Vi khuan V. alginolyticus trong dng nghiém duogc coi 1a phat trién néu lam duc moi
truong va duge phat hién bang mat thuong. Két qua nay duoc trinh bay & Bang 2. Mat do vi
khuan & cac thoi diém khac nhau duge trinh bay ¢ Hinh 8.
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Bdng 2. Su phat trién cua vi khuan V. alginolyticus sau 18 gio & cac 6ng nghiém b sung nano Ag-
TiO,-Dox-Alg ¢ cac ndng do khac nhau.

Nong d6 nano 35 ppm 40 ppm 45 ppm 50 ppm 55 ppm 0 ppm (PC)

Su phat trién cua vi khuan + - - - - I

2000 - m 18h w 24h m 36h 1783
1800 -

Thanh sai sb: 95% ClI
1600 - 1410

1400 - 1170 I
1200 - 082

1000 -
300 _671.3:[
600 -
400 - 172,3
200 -

Mat dé vi khuén (x10° CFU/mL)

49,38 5870 00 0

35ppm  40ppm  45ppm S0 ppm 55 ppm bC  Nghigm thirc

Hinh 8. Két qua mat d¢ té bao vi khuan V. alginolyticus trong 6ng nghiém c6 chira dung dich nano
Ag-TiO,-Dox-Alg & céc ndng do khac nhau ¢ cac thoi diém sau 18, 24 va 36 gio.

Két qua cho thay khi nuéi vi khuan véi nano Ag-TiO-Dox-Alg ¢ nong d6 35 ppm,
sau 18 gio, moi truong duc do mat do vi khuan con kha cao. Tuy nhién khi sir dung 40 ppm
nano Ag-TiO2-Dox-Alg, bang mit thuong nhan thay dng nghiém c6 mau trong sudt khac voi
dng PC chiing té su phat trién cua vi khuan bi e ché 16 rét. Mat do vi khuan sau 18 gio ¢
nghiém thirc nay ciing c6 sy khac biét 16n véi nghiém thiee BC (thap hon 11,3 14an). Nhu vay,
chung t6i x4c dinh nong do 40 ppm 14 ndng do wc ché téi thiéu cua hé nano Ag-TiO,-Dox-
Alg d6i véi vi khuan V. alginolyticus.

Tai néng d6 nano Ag-TiO2-Dox-Alg 55 ppm thi két qua cdy 1én dia petri khong co
khuan lac nao phat trién & tat ca cac thoi diém ciy ké ca khi cdy ¢ nong do goc. Diéu nay
cho thay, tai ndng d6 nano 55 ppm vi khuan bi tiéu diét hoan toan sau 18 tiéng va khong phat
trién tro lai sau 36 tiéng. Do d6 ndng d6 55 ppm 1a ndng do tiéu diét tdi thiéu cua hé vat liéu
nano Ag-TiO,-Dox-Alg ddi véi vi khuan V. alginolyticus.

4. KET LUAN

Nghién ctru nay di ché tao thanh cong hé vat lidu nano t6 hop Ag-TiO, mang khang
sinh Doxycycline co kich thuéc tir 70 dén 80 nm. Cac tinh chét cua vat liéu voi cac phép do
nhu XRD, FE-SEM, FTIR va DLS di duoc khao sat. Hé nano t6 hop mang khang sinh nay
c6 kha ning khang tot v6i vi khuan V. alginolyticus giy bénh trén tém chén trang. Nong do
{rc ché t6i thiéu va nong tiéu diét tbi thiéu ciia hé nano nay dbi véi vi khuan V. alginolyticus
1an luot 12 40 ppm va 55 ppm.
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Dé hoan thién nghién ctru nay chung t6i xin chan thanh cdm on Vién Khoa hoc Vit
Liéu, Vién Han Lam Khoa Hoc Viét Nam di hé trg ky thuat va trang thiét bi vat tu dé san
xuit hé vat liéu nano. Cam on dy 4n “Nghién ctru img dung cong nghé nano trong nong
nghiép” do GS.TS. Pang Pinh Kim chu tri da hd trg kinh phi dé hoan thanh nghién ciru nay.
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ABSTRACT

Drug delivery nanosystems have been proved as a great potential approach to producing high
efficiency in the treatment of many types of diseases thanks to excellent ability in delivery and
distribution of the drug to the targeted sites. In this study, antibiotic delivery nanosystem (Ag-TiO2-
Doxycycline-Alginate) was prepared by the multi-step procedure. Characteristics of the nano-
materials were determined by field emission scanning electron microscopy (FE-SEM), X-ray
diffraction, infrared spectroscopy and dynamic light scattering (DLS). The antibacterial activity of the
nanosystem against Vibrio alginolyticus, a shrimp pathogen, has also been observed. The minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of the nanosystem
were 40 ppm and 55 ppm, respectively.

Key words: Ag-TiO,, antibiotic resistence, Doxycycline, nano-materials, Vibrio alginolyticus.
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