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TIEM NANG SU DUNG VAT LIEU NANO BE KIEM SOAT
VI KHUAN GAY BENH TRONG NUOI TRONG THUY SAN
Pham Thi Hai Hd', Tran Kién Cuong', Nguyén Thanh Ludn?

S khdng khéng sinh (antimicrobial resistance - AMR) ciia vi khudn gdy bénh dang la mét trong
nhitng moi nguy hai lén cho sire khée con nguoi va vit nuéi. Pé khdc phuc tinh trang phu thuée va
tirng buéce thay thé khdng sinh, nhiéu nghién ciru hién nay dé xudt tim kiém cdc phwong phdp tiép
theo dé ngdn ngira sw bién doi bang cong nghé nano khang khudn. Tiem nang ung dung cua cong
nghé nano trong nong nghzep, chan nudi, thit y va nudi trong thiyy san hudng d‘en do an toan, phong
va tri bénh va tang nang sudt chdn nuéi dwoc trinh bdy trong bdi viét ndy bao gom sir dung vt liéu
nano trong truyén thuoc khang khudn, phu gia bao quan thire an, dg an toan thire an va cdi thién sirc
khoe dong vit nuéi. Pdc biét, bude dau trong nghién ciru khdo sdt hoat tinh khdang khudn ciia vit liéu
nano cho thay vi khudn gay bénh nhu Staphylococcus aureus va Enterococcus faecalis bi ke ché lan
lieot béi cac nano Ag va nano Cu trong thir nghiém in vitro. Nhitng di liéu ndy sé la tién dé cho cdc
nghién ciru tiép theo trong viéc hé tro phdng va tri bénh nhiém khudn, han ché s phat tan vi khudn
khang khang sinh, va tang cuong siwc song cho vdt nuoi. Ty rong cdc nghién cuu ‘twong lai, cac dang
nano sinh pham sé dwoc thir nghiém hoat tinh khang khudn in vivo trén cac doi twong déng vit va

cac loai thuy san nuoi.

1. Tiém ning ung dung kiém soat vi khuin
gay bénh ciia cong nghé nano

Cong nghé nano 1a mot cong nghé phat trién
nhanh chéng, c6 tac dong 16n dén nhiéu linh
vuc khac nhau nhu: g dung trong diéu tri, img
dung trong san xuat chin nuéi. Céng nghé nano
ban dau dugc tao ra dé lép rap cac vat liéu maéi
¢6 kich thugc tir 1 dén 100 nm (Savithramma N
cs., 2011). Ngoai ra, vat li€u nano co tiém nang
trong nhiéu linh vuc nghién ctru, & ca md hinh
in vivo va in vitro (Singh M cs., 2008).

Su khang khang sinh (antimicrobial resistance
- AMR) dugc xac dinh 1a mot trong nhiing mbi de
doa 16n nhat d6i voi sire khoe con ngudi va vat nudi
(Bush cs., 2011). Hién nay, su gia ting AMR lam
cho cac bénh do nhiém khuan tré thanh mdi quan
tam dang lo ngai. Nhiing vi khuan khang thudc c6
thé dé khang lai cac loai khang sinh thong thuong
duoc sir dung trong diéu tri (Azeredo cs., 2017).
Dé khic phuc tinh trang AMR, dinh huéng nghién
ctru hién nay tap trung tim kiém cac phuong phap

méi bang cong nghé nano (Elbourne cs., 2017).
Vit liéu nano dugc st dung nhu vat liéu mang
céc loai thudc méi hodc cac hop chat co hoat tinh
khang khuén vao trong co thé. Ngoai ra, mot s6
loai hat nano (nano kim loai, hitu co, carbon, v.v.)
¢6 thé pha v& co ché khang thudc va cac co ché
lién quan, va tc ché sy hinh thanh biofilm hoc
mot s6 qua trinh trao di chat ¢ vi khuédn (hinh 1).
Bén canh do, cac khao sat tinh gdy doc cua vat
liéu nano ciing nhur kha ning mang céc hop chét
khang khuan c6 ngudn gbc tir thuc vét dang dugc
thyc hién nham t6i vu kha ning tiéu diét AMR
bang vat liéu nano. Phuong phap két hop cac hat
nano va hop cht khang khuan tu nhién (hodc cac
hop chit dugc tai sir dung) dé we ché vi khuan
dua trén nguyén ly khoa cac bom efflux lam cho
vi khuan khong thé trao doi chat véi méi truong
bén ngoai. Tur do, gip ngan sy hinh thanh biofilm,
can thi¢p vao cac tuong tac quorum sesing va pha
huy plasmid. Phuong phap nay dang la mot trong
nhiing chién luoc tidu diét cac loai vi khuan da
khang thudc.

1 Vién Ky thuat cong nghé cao NTT, Truong Pai hoc Nguyén Tt Thanh
2Vién Khoa hoc tng dung HUTECH, Truong Pai hoc Cong nghé TP.HCM (HUTECH)
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Hinh 1. Co ché hoat dong khac nhau cua
hat nano trong té bao vi khudn. Su két hop mot
vdt liéu nano don lé trong vo $6 cdc hiéu ung
té bdao cé tac dong lén vi khuan MDR: DNA
(deoxyribonucleic acid), ROS (Reactive oxygen
species - phan trng oxy hoa), AuNPs (gold NPs),
CuONPs (Copper oxide NPs), AgNPs (silver
NPs), Fe, O, NPs (iron oxide NPs), ZnONPs
(zinc oxide NPs).

2. Ung dung cong nghé nano trong thiiy sian
2.1. Ung dung trong sdn xudt thirc in thiiy sin

San xudt thirc an chin nudi hién 1a myc tiéu
tmg dung quan trong nhit ciia cong nghé nano
trong nudi trong thiry san. Vat liéu nano mang
lai nhiéu loi ich khi duoc dung 1am thirc dn chin
nudi thiry san, nhu NPs-chitosan gitip cung cip
cac chat vi luong. Ngoai ra cong nghé nano (g
dung trong san xudt thire an con giup kiém soat
luong thuc an san xuat trén mot don vi thoi
gian bang dng nano cacbon ¢ vach (SWCNTSs),
fulleren (C60) va nTiO,, hodc thuc day ting
truong cua thuy san (nFe, nSe, nTiO, va nZnO).

2.2. Ung dung trong cdi thién sic sinh sin ciia
dong vdt thiy sdan

Qua trinh nuéi trong thuy san thuong xuyén
d6i mat v6i nhidu kho khan. Qua trinh trinh sinh
va loai thai trimg & mot sé dong vat thily san
dugc xem 1a mot tré ngai thudng gip. Picu nay

gdy anh huong dén chét lugng cac thé hé doi
sau va suy thoai con gidng. Pé khic phuc diéu
nay, cac phuong phéap kiém soat va hd tro qua
trinh sinh san da dugc nghién ctru va ap dung.
Chitosan NPs dugc su dung dé van chuyén
va giai phong hormone ndi sinh mot cach co
kiém soat (Pulavendran cs., 2011). Rather va
cs. (2013) st dung hormone sinh san cua ca
hoi két hop véi chitosan-nAu dé khic phuc van
dé thoi gian ton tai ngan ctia hormone sinh san
trong méu, vi viy co thé tranh st dung nhiéu
chat kich thich héa hoc. Két qua cho thay, cac
hormone sinh san ton tai trong mau trong thoi
gian dai hon ¢ cac sinh vat dugc xt 1y, sb luong
va chét luong trang cai thién va ty 18 thu tinh
cling gia tang dang ké. Hon nita, nano chitosan
con kich thich gidi phong hormone luteinizing
ctia ca hdi (CsLHRH), ting mirc d6 biéu hién
clia cac ban sao Sox9 trong tuyén sinh duc va
muc d0 hormone steroid trong mau cua ca tré
Batrachus, hd trg su phat trién tuyén sinh duc
(Bhat cs., 2016).

2.3. Ung dung trong phong tri bénh cho dpng
vdt thiiy sdn

Nganh nuéi trong thuy san phai d6i mat
v6i nhidu mam bénh (vi khuan, ndm va virus)
va thuong duoc kiém soat bang cic chit khu
trung hoa hoc va thudc khang sinh (Huang cs.,
2015). Shaalan va cs. (2016) xem xét vi¢c su
dung NPs nhu mot chat khang khuan tiém ning,
tap trung chu yéu vao vi khudn khang khang
sinh trong thily san va phét trién cic cong cu
chan doan nhanh vi khudn, nim va virus giy
bénh trong nudi trong thuy san. Ramya va
cs. (2014) hd tro ting suc sdng cho tdm cang
xanh Macrobrachium rosenbergii khi dua céu
trac DNA chu’a gen khang virus nhd (XSVAS)
ctia virus ndt san duoc vén chuyen bang NPs-
chitosan. Guo va cs. (2016) thiét ké mot hé
théng mién dich tr tinh dya trén viéc tao ra mot
microfluidic chip két hop véi oxit thiéc indium
(OTD) dé phat hién Staphylococcus aureus (S.
aureus). D6 nhay va do dac hiéu cua hé théng
nay tuong tu nhu phuong phap dém khuan lac,
v6i thoi gian phat hién ngan ma khong can nubi
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cdy khudn lac. Tuy nhién, cic ché pham nano
trong nudi trong thuy san hién nay méi chi dat
mot s két qua so khai, van ton dong nhiéu thiéu
sot va tac dung phu can xem xét, khéc phuc.

2.4. Ung dung trong xir Iy méi trwong nudi
thiiy sdn

Céc dic tinh héa 1y nude ao nudi trdng thiry
san ¢ thé bi anh hudng boi cac yéu td: thanh
phan dt, 6 nhidm mai trudng, chat thai ton du ciia
thubc va thirc an chin nudi (Venkat cs., 2011). O
nhiém moi trudng nudce dang 1a mot trong nhirng
mdi de doa 16n nhat ddi voi nganh san xuat nudi
trong thay san. Gan day, viéc tng dung cta cac
san phim nano dang aerogel, polymer va vat liéu
téng hop, cac organoclays ky nudc, va cac NPs
tir tinh dé xir ly va loc nudc dugc nghién ctu
(Bhattacharyya cs., 2015). nAu, nAg CNTs, nFe,
lantan (La) va nTiO, c6 kha ning loai bo thude
trir sau, amoniac, kim loai nang va phosphat khoi
nudc va nudc thai (Rather cs., 2011). Cac chdm
luong tr (QDs — Quantum dots) do cac dac tinh
quang dic trung dugc dé xudt nham phat hién
kim loai ning trong moi truong nudi trong thiy
san (Chen cs., 2013).

2.5. Ung dung chita lanh vét thwong

Vét thuong s& lam mét chirc ning bao vé
ctia da, mat tinh lién tuc ¢ biéu mo, c6 thé gay
tén thuong dén cac mo lién két dudi da nhu co,
xuong va day than kinh (Leaper, 1998). Khi
d6, qué trinh chita lanh vét thuong s& dién ra
lan luot theo trinh ty viém, biéu mé hoa, hat
hoa va tai tao mo. Tuy nhién, sy nhiém khuén
vét thuong s& gdy cham quéd trinh hoi phuc
(Siddiqui, 2010). Trong trudng hop bi cac vét
16 10ét c6 nguy co nhiém khudn cao, dan dén
nhidm tring mau ning va giy chét voi ty 18
~75%, thudng lién quan dén sy xam nhiém cua
Pseudomonas aeruginosa hoac S. aureus khang
methicillin. Trong trudng hgp do, hat nano ZnO-
NPs dac biét hiéu qua khang Pseudomonas spp.
va S. aureus va c6 thé ding trong diéu tri nhiém
khuan (Jalal cs., 201 1). Nano ZnO cai thién viéc
tai biéu mo, giam viém va trc ché vi khuan trén
bé mit vét thuong (Agren, 1990) do ZnO sé hitu
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hai dic tinh khang khuan va khang viém, dong
thoi thiic day chira lanh cac vét thuong cap tinh
va man tinh (Padmavathy, 2008). Nano ZnO
con ¢6 tiém nang diéu tri cac tinh trang khac
nhu viém da, mun nude va vét loét & da (Kumar
¢s., 2012). Cac ZnO-NPs c6 cac wu thé vuot troi
hon so v&i ZnO thong thuong vé cac hoat dong
khang khuan dic biét & vi khuan gram dwong
(Tayel cs., 2011).

2.6. Ung dung trong bdo qudn thirc dn chdin
nudi thiiy sdn

Tinh trang nhiém khuan thyc pham dang gia
tang trén toan thé gidi; do do, viéc kiém soat
chat luong ngudn nguyen liéu dau vao va san
pham dau ra VO cung cap thiét, dam bao sy an
toan ctia ngudn thirc dn chian nudi. Do do, chat
bao quan dong vai tro quan trong trong viéc bao
quan, luu trir va van chuyen c4c san pham chin
nudi lau dai. Nho d6 6n dinh va tinh an toan
cao, nano ZnO dugc d& xuit trong bao quan
thuc pham (Stoimenov PK cs., 2002). Ngoai ra,
cac hat nano bac, kém, déng va titan cling dugc
st dung trong nganh bao bi dong goi, trong do
ZnO-NPs da dugc sir dung nhu mdt chét khang
khuan cho bao bi thuc pham. Hoat tinh khang
khuan cua polyvinyl clorua ZnO-NPs dugc
quan sat hiéu qua khang khudn E. coli va S.
aureus (Li X cs., 2009)

2.7. Chit phu gia cho thikc an chin nudi thiiy sin

Phy gia 1a nguon dinh dudng bd sung &
nong do téi wu vao ngudn thirc dn hoic trong
ngudn nudc udng, nham nang cao suc khoe va
san luong vét nudi. Phu gia con c6 thé thay thé
thude khang sinh, dem lai hi¢u qua cao, han ché
tac dung phu va chi phi thip. Viéc bd sung kém
(hoic k&m oxit ZnO) & ndng d6 2500 dén 3500
ppm trong thirc dn diéu chinh mat do va tinh
trang vi khuén & duong tiéu hoa va glam ty le
méc bénh tidu chay va ting hiéu suit san xuét
chan nuéi (Case CL cs., 2000).

3. Mt sb vat liéu nano thwong diung trong
chin nuéi thiy san

3.1. Nano bac (AgNPs)
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Céu trac nano bac c6 kha ning anh hudng
dén vi khuan gram dwong S. aureus va vi khuin
gram am E. coli, Klebsiella va Pseudomonas.
Céc hat nano bac nay anh huong dén chudi ho
hap va qua trinh phan chia té bao dan dén viéc
vi khuan bi chét. Ngoai ra, k¥ thut chup STEM
xac nhan c6 su hién dién cua bac trén mang té
bao va bén trong vi khudn (Kim JS cs., 2007).
Céc nghién ctru trude day chimg minh, hat nano
bac ¢6 nhiéu co ché diét khuan khac nhau béng
cach giai phong cac gbe tu do hodc cac dang
phan ung oxy héa (ROS). Ngoal ra, sy twong tac
clia cac hat nano bac véi té bao vi khuan dudi
dang lién két v6i cac enzym ho hap hodc giam
mirc ATP ndi bao co thé pha v& thanh té bao vi
khuan (Adibhesami M cs., 2017).

Cac bao cao cho théy, nano bac voi cac dac
tinh khac nhau c6 kha ning khang khuan riéng
biét. Vi du, ndng do trc ché tdi thiéu (MIC) ciia
hat nano bac (AgNPs vo6i kich thudce hat 13,4 nm)
lan luot 6,6 va 33 nM véi E. coli va S. aureus
(Kim JS cs., 2007). Tuong ty, mot nghién ctu
khéac chi ra nong do trc ché ting truéng hiéu qua
ctia cac myramisin gan NPsAg véi kich thudc hat
10nm 14n luot 14 2,5 va 5uM dbi véi hai loai vi
khudn néu trén. San phdm nano bac thuong mai
{rc ché hoan toan cac khuan lac cia E. coli & ndng
do 1a 300 pg/mL. Tu do, kich thudc hat, capper
bé mat va hinh dang cAu tric hat anh hudng rat
16n dén kha nang khang khuan ctia nano bac.

3.2. Nano vang (AuNPs)

Cac hat nano vang (AuNPs) thu hat sy quan
tam trong tng dung y sinh nhd vao mot sé dic
tinh vu viét nhu khong gy doc va twong hop
sinh hoc (Connor cs., 2005). Cac hat nano la
cong cu rat linh hoat, nhim tring muyc tiéu dya
vao nhiéu chirc ning bé mit két hop cic co ché
hoat hoa linh dong khac nhau (Kim cs., 2009).
Cac hat nano vang va que thur chira nano vang
dang dugc str dung trén thi truong c6 tac dung
khang khuan Bacillus Calmette-Guérin (BCG)
va E. coli (Zhou Y cs., 2012), gitp phat hién
Melissococcus plutonius gdy bénh trén ca hdi
chiau Au (Saleh M cs., 2012) va xac dinh nim
chat quinoxaline-1,4-dioxit gay doc thic an gia

suc (Le T cs., 2016).
3.3. Nano kém oxide (ZnONPs)

ZnO-NPs dugc su dung trong tht y nho
dic tinh khang khuan, khang ung thu, khang
viém, phuc hoi vét thuong, tao mach, lam chét
bao quan thyc phdm va phu gia thirc dn chin
nudi. ZnO-NPs ngin can nhiéu loai vi khudn
trén dién rong, twong tac manh m€ va gay ra
ton thwong té bao vi khuan bang cach tao ra
hydrogen peroxide trén bé mit ctia ZnO va cudi
cung xam nhap vao vi khuan, chén vao cac gdc
chtta phospho va luvu huynh nhu DNA cuia vi
khuan (Zhang cs., 2007). ZnO-NPs dang dan
duoc thay thé khang sinh trong phong ngira va
diéu tri nham giam hién trang khang khang sinh
nho vao hi€u qua khang lai biofilm dugc tao
boi tac nhan gay bénh, nhu S. aureus va E. coli
(Bajbal cs., 2012). Arabi va cs. (2012) phat hién
tac dung diét khuan gram duong, gram am va
khang cac bao tir (co thé ton tai & nhiét d6 va ap
sut cao) theo co ché tang tinh thAm va wc ché
su van chuyén mang lam chét té bao vi khuan.

Céc tiém nang hira hen cho su phat trién cua
céc cong nghé méi cling gay nhiéu rui ro chua
duoc kiém ching trén dong vat, moi trudng va
suc khoe con nguoi. FDA ching nhén ZnO la
chit an toan (GRAS) dugc str dung. Vi vay, viéc
chuyén doi cac chat vi mo nay thanh kich thuéc
nano s€ mang lai nhiéu hiéu qua déc biét va han
ché dgc tinh.

4. Két luan

Cong nghé nano hién dang phat trién nhanh
chong, mang lai nhiéu l'mg dung diéu tri khac
nhau, giai quyét mot sO van de lién quan dén
strc khoe va san xuat nudi trong thiy san va
chan nuo6i nong nghiép. Mot so linh vuc da va
dang (mg dung vat liéu nano trong san xuat thirc
an, hd tro sinh san thiy san, phong chong cac
mam bénh gay hai va xur Iy ao nudi. Ngoai ra,
cong nghé nano con hd trg chita lanh cac vét
thuwong trén thity san, lam chat phu gia/chat bao
quan thtre an giup kiém soat dam bao stre khoe,
ning cao chat luong va san lugng thiy san.
Céc loai nano phd bién trong nuéi trong thuy
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san nhu AgNPs ¢ kha ning khang khuan gram
duong S. aureus va vi khuan gram am E. coli,
Klebsiella va Pseudomonas spp. Cac hat nano
vang (AuNPs) khang khuan ddi voi Bacillus
Calmette-Guérin (BCG) va E. coli. ZnO-NPs
cpl tac dung diét cic loai vi khuan gram dwong
va gram am. Bén canh do, cong nghé nano mang
lai tiém nang cao trong viéc thay thé dan thube
khang sinh trong diéu tri va nang cao gia tri san
xuét cia nganh nuéi trong thily san.

TAI LIEU THAM KHAO

1. Savithramma N, Lingarao M, Suvarnalatha
P, et al., 2011. Evaluation of antibacterial
efficacy of biologically synthesized silver
nanoparticles using stem barks of Boswellia
ovalifoliolata Bal and henry and shorea
tumbuggaia roxb. J Biol Sci. 11:39-45.

2. Singh M, Singh S, Prasada S, et al,
2008. Nanotechnology in medicine and
antibacterial effect of silver nanoparticles.
Dig J Nanomater Biostrct. 3:115-122.

3. Azeredo, J., Azevedo, N. F., Briandet, R.,
Cerca, N., Coenye, T., Costa, A.R., cs., 2017.
Critical review on biofilm methods. Critical
Reviews in Microbiology, 43(3), 313-351.

4. Bush, K., Courvalin, P., Dantas, G., Davies,
J., Eisenstein, B., Huovinen, P., 2011.
Tackling antibiotic resistance. Nature
Reviews Microbiology, 9(12), 894-896.
Human Services.

5. Elbourne, A., Crawford, R. J., & Ivanova,
E. P, 2017. Nano-structured antimicrobial
surfaces: From nature to synthetic analogues.

Journal of Colloid and Interface Science,
508, 603-616

6. Pulavendran S, Chellan R, Asit B., 2011.
Hepatocyte growth factor incorporated
chitosan  nanoparticles  augment the
differentiation of stem cell into hepatocytes
for the recovery of liver cirrhosis in mice. J
Nanobiotechnol 9(1):1

7. Rather M, Sharma R, Aklakur M, Ahmad

96

S, Kumar N, Khan M, Ramya, 2011.
Nanotechnology: a novel tool for aquaculture
and fisheries development. A prospective
mini-review. Fisheries Aquaculture J 16:1-5

8. Bhat IA, Rather MA, Saha R, Pathakota

G-B, Pavan-Kumar A, Sharma R, 2016.
Expression analysis of Sox9 genes during
annual reproductive cycles in gonads and
after nanodelivery of LHRH in Clarias
batrachus. Res vet Sci 106:100-106.

9. Huang S, Wang L, LiuL, HouY, Li L., 2015.

Nanotechnology in agriculture, livestock,
and aquaculture in China. Rev Agron Sustain
Dev 35:369-400.

10.Shaalan M, Saleh M, El-Mahdy M, El-
Matbouli M., 2016. Recent progress
in applications of nanoparticles in fish
medicine: a review. Nanomedicine: NBM
12:701-710.

11.Ramya VL, Sharma R, Gireesh-Babu P,
Patchala SR, Rather A, NandaNPawar PC,
Eswaran S., 2014. Development of chitosan
conjugated DNA vaccine against nodavirus
in Macrobrachium rosenbergii (De Man,
1879). J Fish dis 37:815-824.

12.Guo J, Zhang R, Yang N., 2016. An
Immunomagnetic-nanoparticle-based
microfluidic system for rapid separation
and detection of aquaculture pathogens. J
Comput Theor Nanosci 13:2226-2231.

13.Venkat K., 2011. The climate change and
economic impacts of food waste in the
United States. Int J Food Syst Dyn 2:431-
446.

14.Bhattacharyya A, Reddy SJ, Hasan
MM, Adeyemi M, Marye RR., 2015.
Nanotechnology-a unique future technology in
aquaculture for the food security. Int J Bioass
4:4115-4126

15.Chen P-J, Wu W-L, Wu KC-W., 2013. The
zerovalent iron nanoparticle causes higher
developmental toxicity than its oxidation



KHOA HOC KY THUAT THU Y TAP XXIX SO 1 - 2022

products in early life stages of medaka fish.
Water res 47:3899-3909

16.Leaper DJ, Harding KG., 1998. Wounds:
Biology and Management. Oxford University
Press.

17.Siddiqui AR, Bernstein JM., 2010. Chronic
wound infection: facts and controversies.
Clin Dermatol 28:519-526.

18.Agren MS1., 1990. Studies on zinc in wound
healing. Acta Derm Venereol Supp! (Stockh)
154:1-36.

19.Kumar PT, Lakshmanan VK, Anilkumar
TV, Ramya C, Reshmi P, 2012. Flexible and
microporous chitosan hydrogel/nano ZnO
composite bandages for wound dressing: in
vitro and in vivo evaluation. ACS Appl Mater
Interfaces 4: 2618-2629.

20.Tayel AA, El-tras WF, Moussa S, El-baz AF,
Mahrous H, 2011. Antibacterial action of
zinc oxide nanoparticles against foodborne
pathogens. J Food Safety 31:211-218.

21.Li X, Xing, Y, Jiang, Y Ding, Y, Li, W., 2009.
Antimicrobial activities of ZnO powder-
coated PVC film to inactivate food pathogens.
Int J Food Sci Tech 44: 2161-2168.

22. Case CL, Carlson MS., 2002. Effect of
feeding organic and inorganic sources of
additional zinc on growth performance and

zinc balance in nursery pigs. J Anim Sci
80:1917-1924.

23.Kim js, eunyeku k, namyu k, 2007.
Antibacterial effect of silver nanoparticles.
Nanomedicine. 3:95-101.

24 .Adibhesami M, Ahmadi M, Farshid AA,
2017. Effect of silver nanoparticles on the
healing of Staphylococcus aureus-infected

open wounds in rats: an experimental study.
Vet Res. 8:23-28.

25.Connor, E.E.; Mwamuka, J.; Gole, A.;
Murphy, C.J.; Wyatt, M.D., 2005. Gold
nanoparticles are taken up by human cells but
do not cause acute cytotoxicity. 1, 325-327.

26.Kim, C.K.; Ghosh, P.; Rotello, V.M, 2005.
Multimodal drug delivery using gold
nanoparticles. Nanoscale. 1, 61-67.

27.Zhou, Y.; Kong, Y.; Kundu, S.; Cirillo, J.D.;
Liang, H., 2012. Antibacterial activities
of gold and silver nanoparticles against

Escherichia coli and bacillus Calmette
Gueérin. J. Nanobiotechnol. 10, 19.

28.Saleh, M.; Soliman, H.; Serum, H.; Fauske,
A K.; El-Matbouli, M., 2018. A novel gold
nanoparticles-based assay for rapid detection
of Melissococcus plutonius, the causative
agent of European foulbrood. Vet. Rec.
2012, 171, Int. J. Mol. Sci. 19, 3299 27 of 32

29.Le, T.; Zhu, L.; Shu, L.; Zhang, L., 2016.
Simultaneous  determination of  five
quinoxaline-1, 4-dioxides in animal feeds
using an immunochromatographic strip.
Food. Addit. Contam. 33, 244-251.

30.Stoimenov, P.K.; Klinger, R.L.; Marchin,
G.L.; Klabunde, K.J., 2002. Metal oxide
nanoparticles as  bactericidal  agents.
Langmuir. 18, 6679-6686.

31. Zhang, L.; Jiang, Y.; Ding, Y.; Povey,
M.; York, D., 2007. Investigation into the
antibacterial behaviour of suspensions of
ZnO nanoparticles (ZnO nanofluids). J.
Nanopart. Res. 9, 479-489.

32.Arabi, Y.M.; Dara, S.I.; Memish, Z.; Al
Abdulkareem, A.; Tamim, H.M.; Al-Shirawi,
N.; Parrillo, J.E.; Dodek, P.; Lapinsky,
S.; Feinstein, D., 2012. Antimicrobial
therapeutic determinants of outcomes from
septic shock among patients with cirrhosis.
Hepatology 56, 2305-2315

33.Bajpai, l.; Saha, N.; Basu, B., 2012.
Moderate intensity static magnetic field
has bactericidal effect on E. coli and S.
epidermidis on sintered hydroxyapatite. J.
Biomed. Mater. Res. B Appl. Biomater. 100,
1206-1217./.

97



