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Phin tich dong thof chloramphenicol, amoxicillin va enrofioxacin sir dyng canm bién dién hoa
voi dién curc graphene da 1dp ché tao bing phwong phap dién hoa trong dung moi hiu co
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Tom tit:

Trong nghién ctru nay, 3 thude khang sinh chloramphemcol (CAP), amoxicillin (AMX) va enrofloxacin (ENR) 1an
diu tién dwgc phan tich dong thoi sir dung cam bién dién héa. Dién cuc graphene da 16p dung trong cam bién dugc
ché tao truc tlep, nhanh chong tir graphite bang phuong phap mot bwéc ap thé dién hoa trong dlmethyl sulfoxide.
Cac ky thuét chup anh hién vi dién tir quét va quét thé vong dién hoa da thé hlen clu tric dang tAm nano da 16p
graphene cuia dién cwe véi dién tich hoat dong dién hoa 1on, hoat tinh dién héa tot. Dién cuwc cho tin hi¢u 6xy héa dién
héa twong ng véi 3 khang sinh tét nhét khi ché tao & thé -5 V trong 20 s. Trong cac diéu kién toi wu, caim bién da
thé hién kha ning phén tich da chét hiéu qua cao Khi tin hiéu ciia 3 chit tich biét ré rang va tuyén tinh tot véi nong
dd cia chiing (R>>0,99). Cam bién c¢6 d chinh xac cao, dd nhay tot véi giéi han phat hién cia CAP, AMX va ENR
lan lwot 13 0,060, 0,381 va 0,109 pM. Tinh kha dung ciia cam bién dwoc thé hién qua d thu hdi chdp nhan dwoc cia

ca 3 khang sinh khi phan tich dong thoi trong miu nwéc ho.

Tir khéa: bée 16p dién hoa, cam bién dién hoa, graphene, phan tich dong thoi, thue khang sinh.

Chi s6 phén logi: 1.4, 1.5, 2.4
1. Gidi thiéu

Trong nhitng ndm gan déy, viéc lam dung thudc khang
sinh trong diéu tri y t& va trong chan nudi di va dang tro
thanh méi lo ngai toan cu. Uéc tinh luong tiéu thu thube
khang sinh trén toan cau trong chin nudi s& ting 67% tir
nam 2010 dén nim 2030 [1]. Du lugng thuc khang sinh
phat thai ra méi truong va trong thuc pham co thé xam nhap
vao co thé con ngudi va giy ra cac van dé nghiém trong vé
suc khoe. Mot hau qua vo cung nghiém trong cta viéc lam
dung thudc khang sinh 13 hién twong khang thudc khang
sinh, do tao ra cac vi khuan va cac gen khang khang sinh.
Theo T6 chirc Y té Thé giéi (WHO), thude khang sinh (ngay
ca & nong do thap) c6 thé tao diéu kién cho cac ching vi
khuan khéng thudc phat trién manh. WHO di xép khang
thudc khang sinh 1a mot trong mudi méi de doa hang diu
d6i voi strc khoe toan cau trong nim 2019 va di canh bao
viéc tiéu thu thube khang sinh & mirc cao & mot sé qudc gia
dang dan dén su xuat hién cua cac bénh nhiém trung siéu vi
khuédn chét nguoi [2-4]. O Viét Nam, mét sé thude khang
sinh d3, dang duoc sir dung trong chin nuéi c6 thé ké dén
la CAP, AMX va ENR. Trong d6, CAP la thudc da bi dwa
vao danh sach cam st dung trong san xudt, kinh doanh dong
vat thuy san va trén can, ENR bi cAm sir voi dong vat thuy
san [5]. Trong khi d6, AMX tuy van duoc cép phép sir dung,

“Tac gia lién hé: Email: haiyen25986(@gmail.com

JHOAHOC . -

nhung nhiéu khi con bi lam dung, st dung khong dung lidu
luong va muc dich. Theo quy dinh ctia Uy ban chiu Au,
CAP bi cim sir dung trong khi giéi han du lugng ti da
(MRLs) cua cac thudc khang sinh trong céc loai thit 1a 50
pg/kg voi AMX va 100 pg/kg vai ENR [6].

Vi cac ly do trén, dé xac dinh va kiém soat ham luong,
du lwong khang sinh trong thuc phdm ciing nhu ngudn nuéc,
doi hoéi phai c6 cac phuong phap phan tich cé do chinh xac
va do nhay cao, c¢6 kha ning phén tich da chét tot dé co thé
phan tich duoc nhiéu loai thudc khang sinh cung luc. Ngay
nay, mot s6 phuong phap phan tich thudc khang sinh nhu
sac ky 10p mong [7], dién di mao quan [8], sac ky khi ghép
nbi khoi phd, sic ky long hi¢u nang cao, sic ky long siéu
hiéu niang cao ghép ndi khéi phd [9, 10] da duoc sir dung
trong phan tich véi hiéu qud cao. Tuy nhién, ching c6 chi
phi dau tu cao, van hanh phtic tap. Do vy, phuong phap
phan tich dién hoa dang 1a mot phuong phap thay thé hiéu
qua trong dinh tinh va dinh lugng cac thudc khang sinh do
c6 quy trinh phan tich don gian, nhanh chéng, xir Iy mau
don gian, tiét kiém ma van dam bao dwoc tinh chinh xac va
d6 nhay tot [11].

Graphene 1a vt li¢u ché tao cam bién dién hoa cho hi¢u
qua cao do c6 do dan dién tot, dién tich hoat dong 16n, toc
d6 chuyén dién tich nhanh va ctra s6 dién hoéa rong. Cac
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Abstract:
In this study, three antibiotics, chloramphenicol
(CAP), amoxicillin (AMX), and enrofloxacin

(ENR), were simultaneously analysed for the first
time using electrochemical sensors. The multilayer
graphene electrode used in the sensor was directly
and rapidly fabricated from graphite through a one-
step chronoamperometry method. Scanning electron
microscopy and cyclic voltammetry techniques revealed
the multilayer-graphene nanostructure of the prepared
electrode with a large electrochemically active surface
area and good electrochemical activity. The electrode
exhibited the best electrochemical oxidation signals
corresponding to the three antibiotics when fabricated
at a potential of SV for 20 s. Under optimised conditions,
the sensor demonstrated excellent multi-analyte analysis
capability, with clear separation and good linearity of
the signals of the three antibiotics (R*>0.99) in relation to
their concentrations. The sensor exhibited high accuracy
and sensitivity with detection limits of 0.060, 0.381, and
0.109 pM for CAP, AMX, and ENR, respectively. The
applicability of the sensor was demonstrated through
acceptable recoveries of all three antibiotics when
simultaneously analysed in a lake water sample.

Keywords: antibiotic, electrochemical exfoliation,
electrochemical sensor, graphene, simultaneous analysis.
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dién cuc bién tinh véi graphene chii yéu dugc ché tao bang
phuong phap nho giot dé dwa mot 16p phu cia graphene
1én bé mat dién cyc nén. Do graphene phan tin kém trong
dung méi nude, dé de‘mg bi két ty lai, tir d6 1am cho 16p phu
khong dong déu & cac 1an bién tinh, cling nhu 1am glam tinh
6on dinh ctia 16p phu trén bé mat dién cuec, tir d6 dan dén do
tai 1ap khong dugc nhu mong mudn [12]. Mot sb nghién
clru da stir dung dang dan xudt ctia graphene nhu graphene
oxit (GO) va graphene oxit dang khtr (rGO) dé lam vat lidu
bién tinh dién cuc. GO c6 kha ning phan tan tot nén dé dang
tao 10p phu dong déu va bén virng [13]. Trong khi d6, rGO
¢6 mach lién hop duoc tai thiét 1ap gan gidng voi graphene
gitp tang kha nang trao doi dlen tich; thém vao do, mot so
nhom chte con ton tai trong céu triic rGO hd trg cho viée
lam giau chét phan tich 1én bé mat dién cuc [14].

V61 myc dich lam tdng do nhay va tang kha nang phan
tich da chat khi phén tich dong thoi cac thudc khang sinh
CAP, AMX va ENR, nghién ctru nay hudng dén viéc s
dung vat liéu dién cuc graphene thay vi cac dan Xuét cua
n6. Dé tranh nhitng han ché cua viéc bién tinh bang phuong
phép nhé giot, ching t6i di dwa ra mot phuong phép bién
tinh bé mit dién cuc graphite bang cac tim graphene mot
céch tryc tiép bang k¥ thuat dién hoa. Phuong phap dugc
thuc hién véi quy trinh mot budc, don gian va tiét kiém chi
phi d3 tao nén mot 16p bé mat gdm cac tim graphene da 16p.
Phuong phap phan tich dién héa st dung dién cuc graphene
ché tao dwoc di thé hién hiéu qua t6t khi phan tich dong
thoi CAP, AMX va ENR trong mdi truong nuéce. Day cling
1a nghién ctru dau tién phan tich dong thoi 3 khang sinh nay
bang phuong phap dién hoa.

2. Doi tuong va phuong phap nghién ciiu
2.1. Héa chit va thiét bi

CAP (C,H CLNO,) (98%, Dic), AMX trihydrate
(C,(H,,N,O; S 3H ,0) (98%, buc), ENR (C H,FN.O,)
(99%, Durc), dimethyl sulfoxide C,H.OS (DMSO) (99%,
Anh), ethanol (99%, Trung Quoc) H SO, (98%, buc),
H,PO, (85%, burc), KOH (=85%, Diic), KH PO, (=99,5%,
Duc) K HPO, (=98%, Dirc), K [Fe(CN)] (99%, Trung
Qudc) duorc st dung ma khong can tinh ché lai. Pién cuc
graphite ¢6 xuat x{r tir Nhat Ban (99,9% C).

Céc phép do dién hoa duoc tién hanh trén may do dién
hoéa da nang CPA-HHS tu ché tao tai Vién Hoéa hoc, Vién
Han 1am Khoa hoc va Cong nghé Viét Nam. Hé do dién hoa
gém 3 dién cuc: dién cuc lam viéce 1a cac dién cuc duoc ché
tao, dién cuc so sanh Ag/AgCIl/KCl bao hoa va dién cuc ddi
platin dang soi. Thiét bi chup anh hién vi dién tir quét phat
xa truong (FESEM) S-4800 cua Hitachi (Nhat Ban) dugc su
dung dé quan sat hinh thai hoc, thanh ph?m hoa hoc cua vat
ligu trén bé mat dién cuc.
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2.2. Ché tao dién cuc bién tinh graphene trong dung
moi dimethyl sulfoxide

Bé mat dién cuc graphite dugc bién tinh truc tiép thanh
dang graphene bing viéc boc 16p bé mit sir dung ki thuat ap
thé tinh trong dung méi dimethyl sulfoxide (DMSO). Déu tién,
bé mat dién cuc graphite (pG) duoc mai phang véi gidy mai
¢6 d6 nham 5000, sau do duoc lam sach bé“mg viéc ngdm rua
trong etanol 2 phit va tia rira véi nudc ct 2 lan. Sau d6 duge
dwa vao dung dich DMSO chtra 5 mM KCl tién hanh bién tinh
bé mat bang viéc ap mot dién thé co gia tri 4m, khong doi,
dugc dat vao hé trong mot thoi gian nhét dinh. Pién cuc sau
khi ché tao duoc ky hiéu 1a mLG. Thé dit vao hé va thoi gian
ap thé duoc khao sat dé lwa chon cac thong s pht hop nhat.

2.3. Phén tich thuéc khdng sinh

Pién cuc mLG duoc st dung dé phan tich cac thude
khang sinh CAP, AMX va ENR bing phuong phap Von-
Ampe hoa tan hip phu k¥ thuat song vudng (AdS-SWV).
Ban déu, dién cuc duoge nhung trong dung dich phan tich
(dém phdt phat - PBS) & trang thai mach ho dé hap phy lam
gidu cac khang sinh 1én bé mit dién cuc, sau do thé trong
mach dugc quét theo chiéu anot tir U=0.8V dén U=12V
dé ghi cac tin hiéu dong 6xy hoa tuorng ung voi cac thude
khang sinh. Cac thong s6 khéc ctua ky thuat AAS-SWV bao
gdm: chiéu cao séng vudng 20 mV, budc nhay thé 5 mV,
thoi gian mdi budce thé 20 s va tan s song vudng 25 Hz.

Céc diéU} kién phén tich nhu pH ciia méi truong dién ly,
thot gian hap phu lam giau dugc toi wu hoa trude khi xay
dung duong chuan phan tich.

3. Két qua va ban luan
3.1. Tinh chit bé mdt dién cwe mLG

Hinh thai hoc bé mat dién cuc duoc danh gia qua cac
anh SEM ¢ cac do phong dai khac nhau (hinh 1). Theo do,
dién cuc graphite ban dau c6 bé mit bang phang, rai rac trén
d6 1a cac canh hep cua cac tim graphite xép phia ngoai ciia
bé mit dién cuc (hinh 1A). Hinh anh nay thé hién rd rang
dic trung cdu tric tinh thé cta graphite: bao gdm cac 16p
graphite xép chdng 1én nhau va lién két boi lién két Van-
der-Waal.

(A) (B)

IMS-NKL 5.0kV 5.1mm x20.0k SE{M) x2
Hinh 1. Anh hién vi dién tir quét phat xa trweng clia dién cwe graphite (A) va graphene mLG ché tao trong dung méi dimethyl sulfoxide & cac dé phéng
dai khac nhau (B, C).
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O cung d6 phong dai voi anh SEM ciia bé mit pG, hinh
1B lai cho thdy mét ciu triic bé mat go ghé, 1om chom cia
dién cuc mLG. Két qua duogc giai thich 1a do dudi tac dong
cua viéc ap thé am dé boc 16p bé mit dién cuc, cac ion
kali dwoc thu hut dén va xen k& vao gitra cac 16p than chi
lam m¢ rong khoang cach giita cac 16p d6. Do d6, tao diéu
kién thuan lgi cho cac phan tot DMSO tiép tuc xen vao gilra
va dong vai tro cung cap dong luc dé pha v luc lién két
Van-der-Waal giita cac 16p graphite [15]. Két qua 1a cac 16p
graphite trén bé mit dién cuc bi bung md khéi sy lién Kkét
v6i cac 16p khac va boc tach ra thanh cac tim graphene véi
hau hét cac canh hudng ra phia ngoai bé mat. O d6 phong
dai 16n hon (100 K) (hinh 1C), c6 thé thay cac tim graphene
¢6 kich ¢& nano véi bé day ¢& vai nanomet va khoang cach
giita cac tim graphene 1a tu 10 dén vai trim nanomet. Nhu
vy, céc tAm graphene c6 céu truc da 16p. Ciu triic bé mit
gdm céc tim graphene da 16p s& lam tang dang ké dién tich
hoat dong bé mat cua dién cue mLG so vé6i dién cuc pG ban
dau, do d6 giup ting cudng tin hiéu phan tich cia cac thude
khang sinh CAP, AMX, ENR.

3.2. Tinh chit dién héa ciia dién cwc ché tao dwgc

Hoat tinh dién hoéa cua cac dién cuc (pG va mLG) duogc
nghién ciru bang phuong phap quét thé vong (CV) trong
dung dich K L[Fe(CN)I/PBS 0,1 M pH 7 tir U;=0,9 V dén
U=04YV, toc d6 quét thé 0,1 V/s.

Két qua do trinh bay trén hinh 2 cho thay, 2 peak xuét
hién trén cac duong do cua ca 2 dién cuc pG va mLG tuong
g v6i su 0xy hoa khir ciia h¢ thuan nghich [Fe(CN), J*/
[Fe(CN)Q]4 1a rd rang, v6i chiéu cao peak 6 Oxy hoa va peak
khur 1a gan bang nhau va cac gia tri nay tuyén tinh véi can
bac hai ctia toc do quét thé (hinh 2B). Diéu nay thé hién hoat
tinh dién hoa tt cua ca 2 dién cuc, phan g thuan nghich
dién hoa dién ra thuan lgi trén cac dién cuc. Tuy nhién, khi
s0 voi cac peak ghi dugc trén dién cuc pG, cac peak trén
dién cuc mLG sic nhon, rd rang va cao hon, khoang cach
gilia hai peak (AE ) hep hon (0,138 V nho hon 0,215 V cta
pG) (hmh 2A). Cac két qua nay cho thay, dién cyc mLG cd
tinh chit dién hoa tot hon dién cuc pG.

©

19



(A) 06 (B)
04 ’ <03 4
0,4E (| ey
0.21 <02 3
< 3 oy
£0,0 Eo0 )1V
= - = i —o20vis
——0,15Vis
02 0.2 | —o0vis
J— | ——005Vi
—;1(Is_G -0,4+ -\/ ——0,025 vis
-0,44 (A) (B) ——0,01Vis

-0,6—— ; . : . . :
-04-0,2 0,0 02 04 06 08 1,0
EN

04 -02 0,0 02 04 06 08

Hinh 2. Bwong CVs trong dung dich K3[FegCN)s] 5 liF"BS 0,1 M cua 2
dién cwc (A) va cﬁa‘dién cwe mLG & cac toc do quét the khac phau (B).
Suj phu thudc cla chiéu cao peak 6xy hda khir vao can bac hai clia toc do quét
thé (inset).

Su khac biét nay duoc cho 14 do cac tim graphene kich
thudce nano da thuc déy tde do chuyén dién tich trén bé mat
dién cuc‘lém tang do séc nhon cua peak va lam giam AEp.
Viéc chiéu cao cac peak do dugc trén dién cuc mLG tang
cao 1a do ciu tric g6 ghé, 16m chém cua bé mat dién cuc
lam tang dién tich hoat dong dién hoéa (ECSA) cua n6. Dién
tich hoat dong dién hoa trén bé mit cac dién cuc ¢ thé dugc
tinh theo phuong trinh Randle - Sevcik [16]. Két qua ECSA
tinh dugce cua dién cye mLG 1a 0,35 ¢cm?, cao gép 1,3 lan so
v6i ECSA ctia dién cuc graphite ban dau (0,27 cm?). Sy ting
1én ctia ECSA khi dién cuc graphite duoc bién tinh thanh
dang c6 ciu tric cac tim graphene da 10p hira hen mot kha
nang lam tang dugc do nhay cia dién cuc khi phan tich cac
thude khang sinh.

3.3. Tinh chit dién héa ciia cdc thudc khdng sinh trén
dién cuc dd ché tao

Tinh chét dién hoa cia CAP, AMX va ENR trén dién cuc
mLG duoc danh gia bang phwong phap CV va phuong phap
SW-AdSV khi do trong nén dém PBS c6 va khong co cac
thudc khang sinh.

Trén duong CV ciia CAP quét theo chidu di catot va
chiéu vé anot (hinh 3A) ¢6 thé dé dang quan sat thay 1 peak
khtr 18 rang, séc nhon & chu ky quét dau tién tai thé c& -0,68
V (peak R)). Sau d6, mot peak 6xy hoa xudt hién & khoang
thé -0,10 V (peak O)), keo theo d6 1a peak khur ¢ -0,15 V
(peak R,) bat dau xuét hién tir chu ky thir hai. Cac peak nay
sdc nhon va gidm manh ¢ chu ky thr 2. Do trén duong do
trong dung dich nén dém PBS khong quan sat thdy cic peak
nay, nén ching tuong ung voi phan tng dién hoa khong
thuén nghich cua CAP va phan ting 6xy hoéa thuan nghich
clia san pham phu sinh ra tir CAP [15]. Nhu vay, bén canh
peak khtr truc tiép CAP, peak 6xy hoa O, cta san pham khtr
CAP trén dién cuc ciing kha 10 rang, va cling phu thudc vao
ham lugng CAP trong dung dich phan tich. Do d6, trong
truong hop quan tim Qén tin hiéu anot, peak O, nay cling
c6 thé dugc st dung d¢ phan tich CAP. B6i voi AMX, khi
s0 v6i duong do trong dung dich nén, duong do trong dung
dich AMX xuét hién mot peak anot rd rang & ¢& 0,55 V
(hinh 3B).
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Hinh 3. Pwong CVs cua cac dién cwe pG va mLG trong cac dung dich
PBS pH 8,0 chira chloramphenicol 100 uM (A); amoxicillin 200 uM (B);
enrofloxacin 100 p‘M (C); dwong AdS-SWVs cua cac dién cwc trong
dung dich chira dong thei chloramphenicol 5 pM, amoxicillin 60 pM,
enrofloxacin 3 uM (D).

Trong khi d6, trén duong do trong dung dich ENR, mdt
peak 6xy hoa dugc quan st thdy ¢ khoang thé 0.81 V (hinh
3C) tuwong trng voi sy 0xy hoa cia ENR. Viéc khong quan
sat thay peak khir trén chidu quét nguoc lai da khang dinh
phan tng 6xy hoa dién hoa cia AMX va ENR la bit thuan
nghich. Nhu vay, 3 thubc khang sinh CAP, AMX va ENR
déu ¢6 tin hiéu tét trén dién cuc mLG va cao hon nhiéu lan
so véi tin hiéu tuong g ghi dugc trén dién cyc graphite
ban dau. Piéu nay la do dién tich hoat dong ctia dién cyc sau
khi bién tinh tang manbh, déng thoi cdu triic nano cua dién
cuc ¢o thé lam xic tac cho phan tng dién hoa cua thude
khang sinh din ra dugc thudn lgi hon. Tinh chat nay dugc
thé hién 16 rang ¢ viéc tin hiéu peak AMX trén dién cuc
mLG dich vé& 4m hon véi hinh dang séc nhon va rd rang hon
nhiéu so v&i tin hiéu AMX trén dién cuc pG ban dau. Bén
canh do6, cac tin hi€u 6xy hoa tuong ting vo6i 3 khang sinh &
vi tri khac biét nhau dang ké. Do dé, dién cuc mLG c6 kha
ning phan tich duoc dong thoi ba chit CAP, AMX, ENR
sir dung cac peak Oxy hoa nay bang cach thyuc hién k¥ thuat
quét thé anot c6 su hip phu lam giau dé lam ting d6 nhay.

Tin hiéu phan tich dong thoi 3 khang sinh CAP 5, AMX
60 va ENR 3 pM ghi bang k¥ thuat Von-Ampe song vudng
trinh bay trén hinh 3D, cho théy, sy xuat hién 3 peak oxy
hoa trén ca 2 dién cyc graphite va graphite bién tinh bang
graphene da 16p. Vi tri cac peak tuong ung véi CAP, AMX
va ENR trén dién cuc mLG lan luot & gia tri thé khoang
-0,10, 0,56 va 0,84 V. Tin hiéu cac peak nay ghi dugc trén
dién cyc mLG cao hon nhiéu 1an so véi cac peak ghi dugc
trén dién cuc graphite ban dau: gép 11,2 lan véi CAP, 6,9
lan v6i AMX va 2,3 1an v6i ENR.
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3.4. Khdo sdt cdic yéu té anh hwong dén tin higu 3
thuoc khang sinh trén dién cuc mLG

Céc diéu kién bao gém diéu kién ché tao dién cuc (thé va
thoi gian boc 16p ché tao mLG) va diéu kién phan tich (pH
dung dich phan tich va thoi gian hap phu lam giau) duoc
khao sat dé lwa chon cac diéu kién tdi uu nhét cho viée phan
tich dong thoi 3 khang sinh CAP, AMX va ENR sir dung
dién cuc bién tinh graphene da 16p.

3.4.1. Khao sdt dnh hiéng ciia thé va thoi gian boc 1op tao
mLG den tin hiéu chloramphenicol, amoxicillin va enrofloxacin

Thé boc 16p (E,,,,) duoc thay doi tir -2 dén -6 V véi thoi
gian boc 16p 20 s dé danh gia anh huong ctia né dén tin hiéu
khang sinh do duoc va két qua dugc trinh bay trén hinh 4A.
Theo d6, khi thé dat vao hé dé boc 16p tao mLG cang am, tin
hiéu ca 3 thudc khang sinh ghi duoc déu ting dan. Tuy nhién,
khi thé boc 16p 1a 6 V, tin hiéu ghi dugc lai giam hon so voi
thé -5 V. Piéu nay dugc cho 1a do voi gia tri thé -6 V, viéc boc
16p xay ra manh me, dot ngot. Dan dén hé qua 1a nhiéu 16p
bén ngoai bi bong hén ra khoi bé mat dién cuc va cac 16p con
lai trén bé mat két ndi véi nhau kém chit chd hon. Két qua
la dién tich hoat dong dién hoa va kha nang trao dbi electron
trén dién cuc ché tao & -6 V giam so voi -5 V. Do do, -5 V
duoc lua chon 1 thé boc 16p dé ché tao dién cuc mLG.

Vi thé ap -5 V, thoi gian ap thé bién tinh dién cuc (t_,)
duogc khao sat nham Iya chon duoc didu kién tdi wu. bap
g dong peak 6xy hoa cua 3 khang sinh theo t_. duoc thé
hién trén hinh 4B. Theo do, tin hi¢u cua 3 khang sinh thu
duoc tot nhat ot la20s.
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Hinh 4. Sw phu thudc clia chiéu cao peak twong trng v&i chloramphenicol,
amoxicillin va enrofloxacin vao thé béc I&p (A), thoi gian béc 1&p (B) ché
tao dién cwe mLG, va vao pH dung dich do (C); sw phu thudc ctia thé dinh
cac peak vao pH dung dich do (D).
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3.4.2. Khao sat anh hwéng ciia pH dung dich dién ly dén
tin hiéu chloramphenicol, amoxicillin va enrofloxacin

pH dung dich dién ly anh hudng 16n dén trang thai ton
tai cua cac chit trong dung dich ciing nhu kha ning tao
phtc, hép thu cac chat 1én bé mit dién cuc va anh hudng
dén can bang cta phan tng dién hoa khi c6 su tham gia
ctia ion H*, do @6 anh hudng rd rang dén tin hidu peak dién
hoéa ghi dugc. Do do, tin hiéu AdS-SWV cua phan tng dién
hoa cia CAP, AMX va ENR trong dung dich PBS 0,1 M &
cac pH khac nhau tur 6,0 dén 10,0 duoc ghi lai dé lya chon
duogc diéu kién dung dich phu hop cho phép phan tich cac
chat nay. Két qua trinh bay trén hinh 4C cho thay, véi CAP
va ENR, tin hiéu peak cao nhét ghi dugc trong dung dich
¢6 pH 8, trong khi d6 voi AMX, tin hiéu peak ting dan khi
pH ting dan tir 6 d&én 9 va giam nhe & pH 10. Nhu vay, dé
phan tich dong thoi ba chat CAP, AMX va ENR, pH 8 dugc
lwa chon dé sir dung cho cac nghién ctru tiép theo. Di voi
thé dinh peak (E ), su bién thién tuyén tinh cia E cuaca3
khéang sinh theo su thay d6i cuia pH (hinh 4D) da chung té
phan tmg oxy hoa dién hoa ciia ba chat déu co su tham gia
cua H'. Gia tri hé sb gbc 0,055 va 0,061 ctua phuong trinh
hdi quy tuyén tinh twong ung voi CAP va AMX la gﬁn voi
gia tri ly thuyet cua phuong trinh Nerst (0,059) ¢ diéu kién
s6 proton bang s electron. Nhu vy, c6 thé ket luan rang,
phan tng 6xy hoa dién hoa cta ching co ty 1& sé electron/sd
proton bang 1. Riéng véi ENR, véi hé s goc 0,016, ty 16 sd
electron/sd proton tinh ra duogc 1a 4/1.

3.4.3. Khdo sat anh hwong cia thoi gian hap phu dén tin
hiéu chloramphenicol, amoxicillin va enrofloxacin

Thoi gian hap phu (t,4,) duoc khao sat trong khoang tur 0
dén 600 s khi ghi do tin h1eu cuia cac chét trong dung dich
PBS 0,1 M (pH 8). Tin hi¢u cic chat phu thudc vao thoi gian
hép phu dugc khao sat riéng r&, dong thoi va duoc trinh bay
6 hinh 5.
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Hinh 5. Sw phu thudc cta chiéu cao peak vao thei gian hap phu twong
trng v&i chloramphenicol (A), amoxicillin (B) va enrofloxacin (C) khi do
riéng ré va khi do dong thoi (D).



Céc két qua cho thay, khi do riéng ré timg chat, & nong
d6 thap (CAP 0,2 uM, AMX 5 uM, ENR 0,5 pM), toc do
hap phu ctia cac chit 1én bé dién cyc 1a nhanh chong. O cac
nong do 16n hon, qua trinh hdp phu lam giau cic chét ting
nhanh & trong khoang 180 s dau, sau d6 thay doi khong
dang ké do qua trinh hdp phu din dat dén can bang. Khi do
ddng thoi ba chét, tin hiéu peak cia cac chat tang dan khi
t ., tang dan dén 180 s. Sau d6, xu huong bién dbi c6 su
khéc biét so véi khi do riéng ré timg chét: tin hiéu ciia CAP
va AMX bi glam dan, trong khi do, tin hiéu cua ENR tang
manh cho dén khi t, bang 420 s va giamnhe 6t bang 600
s (hinh 5D). Diéu nay ¢6 thé 1a do ¢6 su canh tranh hap phu
giita cac chét, cu thé ENR c6 kha ning dé dang duoc hap
phu 1én bé mit dién cuc mLG hon CAP va AMX. Nhu vay,
thoi gian hip phu lam gidu phu hop cho viéc phén tich dong
thoi 3 chit CAP, AMX va ENR st dung dién cuc mLG Ia
180s.

3.5. Pwong chudn, gidi han phdt hién, d¢ tdi lip khi
phan tich dong thoi chloramphenicol, amoxicillin va
enrofloxacin

Cac duong Von-Ampe hoa tan hap phu quet thé song
vudng duoc tién hanh trong cac dung dich c6 nong do tang
dan cia CAP, AMX va ENR trong khoang thé tir 0,5 dén
1,2 V d thu duoc cac peak 6xy hoa riéng biét twong ung
v6i 3 thube khang sinh (hinh 6A). Dai ndng do xay dung
duong chuén cua ting chat 13: 0,05-2,0 uM v6i CAP, 1,5-
60 pM v6i AMX va 0,1-4,0 uM v6i ENR. Dong peak 6xy
hoa ghi duoc cua timg chit ting tuyen tinh v&i nong do cua
ching theo phurong trinh hdi quy tuyén tinh twong tmg 1a: L
(LA)=3,42xC (uM)+0,21 (R*=0,9904) v&i CAP (hinh 6C)
I (nA)=0,22xC (uM)-0,08 (R*=0,9962) v6i AMX (hinh
6D), va I (nA)=2,98xC (uM)-0,31 (R*=0,9949) véi ENR
(hinh 6E).

CAP 2,0, AMX 60, ENR 4,0 uM
CAP 1,0, AMX 30, ENR 2,0 uM

s Khoa hoc Tu nhién | Hoa hoc, Khoa hoc tréi dat va méi truong, Khoa hoc Ky thuét va Céng nghé | Ky thuat héa hoc

Gidi han phat hién (LOD) cua cac khang sinh dugc
tinh toan tir duong chuan ¢ cac nong do thap theo cong
thitc LOD=30/b, trong d6 o 1a do Iéch chuan cua gia tri do
thuc t& so v6i duong chudn va b 1a hé s goc cia duong
chudn. Gia tri LOD tinh duoc cua céc khang sinh lan
luot 1a: LOD(CAP)=0,060 uM, LOD(AMX)=0,381 uM,
LOD(ENR)=0,109 uM.

Bén canh d6, tir 8 lan do df”)ng thoi ba chat trén tam dién cuc
duoc lam mai (hinh 6B), cac gia tri RSD 7,1% vai CAP, 6,5%
voi AMX va 7,1% v6i ENR tinh toan dugc di thé hién do tai
lap tét cua dién cuc khi phan tich dong thoi 3 khang sinh.

Céc két qua trén da chung to dic tinh tuyét voi cla vt
liéu mLG da gitp quy trinh phan tich phan tich dong thoi
CAP, AMX va ENR dat dugc do nhay cao va d¢ tai lap tdt,
¢6 kha ning ing dung vao phan tich cdc mau thyc té.

3.6. Phén tich dong thoi chloramphenicol, amoxicillin
va enrofloxacin trong nén mau thuc

Pé chimg thuc tinh thuc tidn va do tin ciy cia phép
phan tich, cam bién v6i dién cuc mLG duge st dung dé
thir nghiém phan tich dong thoi CAP, AMX va ENR trong
mau nudc HO6 Tay (Ha Noi). Puong do trong mau nudc
Ho Tay ban dau khong phat hién thiy ¢ cac thudc khang
sinh nghién ctu. Sau do, CAP, AMX va ENR dugc thém
vao mau véi mot néng d6 chinh xac dé thu dugc miu thém
chuén (spike sample). Cac khang sinh trong mau nay dugc
phan tich bang phuong phap thém chuan sir dung ky thuat
AdS-SWV.

Theo két qué trinh bay trong bang 1, phép phén tich dong
thoi CAP, AMX va ENR c6 d6 thu hdi nim trong khoang
gia tri do thu hoi chép nhéan dugc theo quy dinh cua Hiép
hoi cac nha hod phan tich chinh thong (AOAC) [17] dbi vai
ca 3 thudc khang sinh. Diéu nay chimg t6 phuong phap c6
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Hinh 6. Pwong Ad-SWVs do dong thoi chloramphenicol, amoxicillin va enrofloxacin & cac nong do khac nhau (A) va do tai lap trén 8 dién cwe dwoc lam
méi (B); dweng chudn twong (ng véi chloramphenicol (C), amoxicillin (D) va enrofloxacin (E).
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do dung t6t. Bén canh d6, do lap lai tot ciia két qua phan
tich thé hién qua gi tri RSD thap (<5%) cua 3 lan do di thé
hién d6 chum t6t cia phuong phéap phan tich. Cac két qua
nay ching td, phuong phap AdS-SWV sur dung dién cuc
mLG phan tich déng thoi CAP, AMX va ENR c6 d6 chinh
X4ac cao.

Bang 1. Két qua phan tich dong th&i chloramphenicol, amoxicillin va
enrofloxacin trong nén mau nwéc Ho Tay.

Nong dj thude khang sinh (uM)

Thudc khéng sinh X Recovery (%)  RSD (%)
thém Cn’nh trung binh
CAP 0,1 0,107 107,0 2,5
AMX 3,0 2,95 98,3 48
ENR 0,2 0,201 100,6 1,2
*Cyon ung ooy NONG A0 trung binh tinh t& 3 lan do.
4. Két luan

Trong nghién ctru nay, cam bién sir dung dién cuc tién
tién graphene da 16p (mLG) lan dau tién dugc ché tao truc
tiép tir dién cuc graphite bang ky thuat thé tinh mot bude
va 1an déu tién dwoc tng dung vao phén tich dong thoi 3
thude khang sinh CAP, AMX va ENR. Cac dac tinh ndi bat
cua dién cyc nhu dién tich hoat dong dién hoa 16n, hoat tinh
xuc tac dién hoa, xuit phat tir ciu tric nano dang tim da 16p
la 1y do chinh gitp cho dién cuc c6 hi€u qua cao trong viéc
cdi thién tin hi€u dién hoda cia cac khang sinh. Su tach biét
16 rang cua cac peak tuong ung véi 3 chit dé thé hién kha
ning phan tich da chat tot cua dién cuc, giup cho cam bién
hoan toan ¢6 kha ning phan tich dong thoi 3 chit ¢ cing
diéu kién do. O céc diu kién t6i wu khi ché tao dién cuc va
trong qué trinh phan tich, duong chuan xay dung duoc khi
do dong thoi c6 d6 tuyén tinh tot, dai tuyén tinh rong véi ca
3 thudc khang sinh. Cam bién c6 gii han phat hién thap,
do tai lap t6t va chinh xac cao. Kha niang ting dung dién
cuc dugc xac nhan béng viéc phan tich CAP, AMX va ENR
trong nén mau nuéc HO Tay. Nhu vdy, bing mot phuong
phap ché tao don gian, nhanh chong va tiét kiém chi phi,
dién cuc graphene da 16p thu dugc c6 d6 nhay tdt, do on
dinh cao va kha ning phan tich da chat tuyét voi, tir d6 nang
cao hiéu qua phan tich dong thoi 3 thude khang sinh CAP,
AMX va ENR.
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Nghién ctru nay dugc tai tro boi Quy Phat triép Khoa
hoc va Cong nghé¢ Qudc gia (NAFOSTED), ma so deé tai
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