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SUMMARY

STUDY ON THE FLUORESCENCE DETERMINATION OF KANAMYCIN USING
COMBINATION OF g-C3N4/AuNPs

The risk of exposure to aminoglycoside antibiotic resistance genes increases the incidence of infections
caused by drug-resistant bacteria, leading to clinical treatment failure with kanamycin. This situation
necessitates the urgent implementation of new strategies to control antibiotic resistance. In this study, we
developed a highly sensitive fluorescence “on-off” nanosensor for kanamycin detection based on the
interaction between g-C; N, and gold nanoparticles (AuNPs). The addition of AuNPs to the g-Cs N,
solution resulted in fluorescence quenching (off effect). However, in the presence of kanamycin, the
fluorescence signal was restored due to the analyte binding to AuNPs and releasing g-Cs N, (on effect).
Under optimal conditions (6 mM Na, SO, , pH 7.0, incubation time of 15 minutes), the method
demonstrated a wide linear range from 10 nM to 500 nM with high accuracy (RSD < 5%). This approach
was successfully applied for kanamycin detection in pharmaceutical samples, highlighting its potential for
antibiotic residue monitoring and antibiotic resistance mitigation.

Keywords: Kanamycin, g-C3N4, AuNPs, antibiotic detection, fluorescence probe, on-off fluorescence,
nanosensor.

1. PAT VAN PE OH on
Kanamycin ( KAN) 1a mét loai khang HO Q HO 75 OH
sinh thuc nhom aminoglycoside, thé hi¢n "N Hol HQ NH;
hoat tinh khang khuan d6i véi vi khuén Cﬁ.mm?

Gram am va Gram duong bang cach can

thi¢p vao qua trinh tong hop protein va Hinh 1. Cong thizc cau tqo cua kanamycin

lam suy gidm tinh toan ven cua mang té Tuy kanamycin c6 dac tinh khang khuém
bao cta chung thong qua lién két véi tiéu t6t, viéc sir dung qua liéu co6 thé dz?ln dén
don vi ribosome 30S [1], [2] . Hién nay, ton du trong cac thuc pham c6 nguon goc
KAN duogc su dung rong rai lam phu gia tur dong vat hay trong co thé con nguoi,
thirc an chan nuéi, thudc thi y va thude gdy ra nhimng van dé nghiém trong cho
trir sdu dé ngan nglra bénh truyén nhiém stc khoe nhu di ing, ton thuong thén, roi
va thiic day ting truong dong vat. loan thinh gidc, suy ho hap... tham chi gay

kho khan trong diéu tri do hién tugng
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khang thubc [3]. Do d6 viéc phét trién
mot phuong phap nhanh chong, don gian,
c6 d6 nhay cao va dic hiéu dé xac dinh du
lwong kanamycin 14 rat can thiét. Cho dén
nay da c6 mot sé phuong phap khac nhau
dugc s dung dé x4c dinh KAN nhu
phuong phap quang ph6 Raman [4], dién
di mao quan [5], sdc ky long - khéi phd
[6], sic ky 1ong [7], dién di mao quan [8],
.. Trong nghién ctu nay ching t6i phat
trién mot qui trinh phéan tich méi dé xac
dinh kanamycin dya trén phuong phéap
huynh quang do phuong phap nay co
nhimg uvu diém nhu phén tich don gian,
nhanh chéng, hiéu qua vé chi phi nhung
van dam bao d6 nhay va dg chon lgc cao.

Céc thudc thir huynh quang truyén thong
nhu fluorescein va rhodamine c6 nhugc
diém 1a tong hop phtre tap va c6 doc tinh
cao din dén lam giam dang ké hiéu qua
cua phuong phap. Graphitic carrbon
nitride, g-CsNg4, 12 mdt Gmg cur vién tiém
ning co thé thay thé cho cac thudc thir
huynh quang truyén thong, nho cac uu
diém nhu chi phi thap, hiéu suit phat
huynh quang cao, phd kich thich rong,
kha ning tuong thich sinh hoc tét, d6 6n
dinh, khong doc hai [7]. Cac tdm nano g-
C3N4 duoc hinh thanh tir cac don vi tri - S
- triazine, thu dugc bang cach tring
ngung nhiét cic tién chat gidu nito nhu
cyanamide, dicyanamide, melamine, ure
va thiourea [10]. Cac nhém chirc cua g-
C3Ny o thé cung cip cac vi tri lién két voi
phan tir chdt muc tiéu, tir d6 c6 tmg dung
rong rai trong chyp anh sinh hoc, cam
bién huynh quang xét nghiém axit
nucleic, phat hién ion kim loai nang va
doc td sinh hoc... [11], [12].

Gan day, sy truyén ning luong giira cac
vat liéu huynh quang, nhu CQDs, g-C3N4
va cac hat nano kim loai plasmon, vi du
nhu nano kim loai vang (AuNPs), da thu
hat dugc su chu y trong linh vuc y sinh,
dic biét 1a trong Gmg dung cam bién. Do
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hi€u ung truong cuc bd tir cac hat nano
kim loai va su dich chuyén dinh phat xa
do lién két plasmon bé mat, hiéu ung “
tat” huynh quang cta g-CsN, khi c6 mat
AuNPs d3 dugc cong bd trong mot sb
nghién ctru [13].

Muc tiéu cua nghién ctru nay la st dung
hé g-CsN4 /AuNPs dé xac dinh khang sinh
kanamycin dua trén hiéu Ung “tit-bat”
huynh quang ctia hé. Khi ¢c6 mat hat nano
Au, huynh quang cua g-CsNy bi dap tit do
hiéu rng plasmon cta cac hat nano vang,
tuong Gng véi trang thai “tat”. Khi co6 mat
kanamycin, phan ti kanamycin chua
nhom chiac -NH twong tic manh vdi
AuNPs va giai phong g-C3Ng, tin hi¢u
huynh quang cua dung dich khi d6 duoc
hoi phuc, twong Ung véi trang thai “bat”.
D6 hoi phuc huynh quang cta hé g-CsNy4
/AuNPs ty 18 tuyén tinh v&i nong do
kanamycin, cho phép xac dinh kanamycin
trong khoang tuyén tinh rong 10 nM dén
500 nM va gidi han phat hién rat thap 3
nM so v&i cac phuong phap truyén thong.
Phuong phap phan tich sau khi dugc danh
gia vé hiéu qua str dung duoc ap dung vao
dé phan tich mot s6 mau dwoc pham trén
thi truong tai Ha Noi.

2. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Hoa chat
Cac hda chat tinh khiét phan tich:

kanamycin (99 %, TRC, Canada),
melamine  (C3HgNg;  99%; Fisher
Chemical™), natri citrate (NasCgHsO7

>99%; Merck, Buc ); axit chloroauric
(HAuCIl; 99 %; 30 wt. % HCI;
Acros/Thermo  Scientific, USA), natri
clorua (NaCl; 99,5 %; Fisher Chemical),
natri hydroxit (NaOH; >96 %; Fisher
Chemical), dong sulfat (CuSO,.5H,0,
98%, Xilong, China), ... va mot sb hoa
chat khac. Nudc st dung trong qué trinh
pha ché 1a nudc khtr ion.
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2.2. Thiét bi

Phép do phd huynh quang duogc thyc hién
trén may huynh quang F-4700 (Hitachi),
vOi budc song kich thich 1a 360 nm va
pho phét xa dugc ghi trong khoang tir 380
- 600 nm. Phd hap thyu phan tir (UV-Vis)
duoc ghi trén thiét bi quang phd UV-1601
(Shimadzu). Quy trinh tong hop vat liéu
str dung 16 nung Nabertherm HTC08/14.

2.3. Quy trinh téng hop g-CsNi, ¢-
C3N4/AUNPS

Tong hop vat lieu g-CsNy4: Vat ligu duoc
tong hop theo quy trinh da duoc ching toi
nghién cutru trude day [13]. Nhiét phan 6 ¢
melamine ¢ nhiét do 520 °C trong 4 gio.
Lam nguoi dén nhiét do phong, thu dugc
chat ran g-C3Nj. Vat ligu thu duoc c6 kha
nang phat anh sang xanh 14 khi dugc
chiéu anh sang UV.

Téng hop vt lidu g-CsN4/AuNPs: AuNPs
dugc tong hop theo phuong phéap
Turkevich trong d6 HAuCl4 dugc khi
thanh Au bang natri citrate [13]. Can mot
lugng chinh x&c bot g-C3Ny4 trén cén phéan
tich, sau d6 dugc hoa tan bang nudc khu
ion va rung siéu am dung dich 5 phut. Loc
dung dich nay qua mang 0,22 um. Sau do,
tron 2,0 mL dung dich g-C3Ns 3 mg/mL
va 4,0 mL dung dich AuNPs 2 nM lic déu
va dé yén dung dich trong vong 20 phut
dé tuong tac gitra g-CsN, va AuNPs xay
ra hoan toan. Dung dich g-C3N4/AuNPs
c¢6 mau do rugu vang dudi anh sang
thuong va khong phéat quang dudi den
UV. Cuéi cung, dung dich g-C3sN4/AuNPs
duoc bao quan & tu lanh 4°C va thoi gian
bao quan tdi da 3 thang.

2.4. Xac dinh kanamycin bing phwong
phap huynh quang sir dung to hop g-
C3N4/AUNPS

2.4.1. Nguyén tdc xdc dinh kanamycin

Dung dich g-C3N4 phat quang manh tai
budc song 440 nm khi dugc kich thich tai
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budc song 360 nm. Khi thém cac hat nano
vang (AuNPs), cuong d6 phat xa huynh
quang cuia hon hop g-CsN4 /AuNPs giam
di ro rét do hiéu tng bo loc trong (Inner
Filter Effect), trong d6 g-C3N4 dong vai
trd chit cho (donor) va AuNPs dong vai
trd chit nhan (acceptor) ning luong. Khi
thém kanamycin vao hon hop g-CsN,
/AuNPs, kanamycin tuong tac vdi cac hat
AUNPs va giai phéng cac hat g-CsN4 ra
khoi t6 hop g-C3N4 /AuNPs (Hinh 2). Khi
d6 cuong d6 phat xa huynh quang cua g-
C3Ny lai hoi phuc. Do hoi phuc huynh
quang khi c6 mat kanamycin dugc ghi lai
nhu tin hiéu phan tich cia phuong phap.

Hinh 2. Co ché xdc dinh kanamycin
2.4.2. Quy trinh xac dinh kanamycin

Thém 300 pL dung dich Na,SO4 0,1 M va
500 pL dung dich kanamycin can xac
dinh néng d6 vao 2 mL dung dich
gCsN4/AuNPs, dinh mac trong binh 5 mL
bang nuéc khir ion va u trong 15 phit. Do
phd huynh quang cua dung dich trén may
quang phd huynh quang véi cac diéu kién
do: budc song kich thich 1 = 360 nm; pho
phat xa dugc quét trong vung budc song
tir 380 - 600 nm. Tinh do hdi phuc huynh
quang (F-Fo) ¢ budc song 440 nm, trong
d6 F va Fo lan luot 1a tin hiéu huynh
quang khi ¢ va khdng cé kanamycin, dé
tir 46 xac dinh ndng do kanamycin.

2.4.3. Quy trinh xz Iy mdu

Céac mau dugc phdm c6 chira kanamycin
duogc thu thdp ngau nhién tir nhiéu hiéu
thudc khac nhau tai dia ban Ha N¢i, gom
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ca thube st dung cho ngudi va thude sir
dung cho dong vat dudi dang dung dich
tiém va vién nén: Hanvet Kanmycin 10%;
Vemedim Kanamycin 20%; Navetco
Kanamycin 10% va Kanamycin Sulfate
v6i ham luong Kanamycin trén nhén lan
luot 12 100 mg/ml; 200 mg/ml; 100 mg/ml
va 500 mg.

Quy trinh x ly mau thudc tiém dang
dung dich: Lic déu mau thuéc_, hat chinh
xé4c khoang 14,5 ml mau, chuyén vao binh
dinh mtrc 25,0 mL va dinh mac dén vach
bang nude khir ion. Pha lodng bang nudc
khir ion véi cac ty 1& phu hop dé dung
dich do c6 nong d6 nam trong khoang
tuyén tinh.

Quy trinh xtr Iy mAu thubc dudi dang vién
nén: Can chinh xac 95,8 mg thudc co
chua kanamycin trén can phan tich, hoa
tan béng nudce khir ion. Sau d6 loc dé loai
b6 cac tap chat khong tan, chuyén phan
dung dich thu dugc vao binh dinh muc
25,0 mL va dinh muc dén vach bang nudc
khtr ion thu duoc dung dich mau.

3. KET QUA VA BAN LUAN

3.1 Téi wu cic diéu kién xac dinh
kanamycin bang phwong phap huynh
quang sir dung g-C3N4/AuNPs

Pé tang cuong d6 nhay ciia phuong phap
phat hién KAN, tién hanh khao sat céac
diéu kién bao gébm: nong do mudi dién ly,
pH, thoi gian 1,... dya trén t6i wu do hoi
phuc huynh quang (F-Fo) khi c6 KAN.
3.1.1. Anh hwong cua dung dich mudi
dien ly

Nong d6 chat dién ly c6 anh huéng dén
trang thai két tu cia AuNPS va con co thé
xem nhu chit khoi mao cho twong tac
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giita AuNPs va KAN. Két qua khao sat
anh huéng cua cidc mudi dién ly nhu
KNO3, CuSOQOyq, NaCI, KBr va Na,SO, voi
cac néng dd khac nhau dén d6 hoi phuc
huynh quang ctia hé g-C3N4 /AuNPs khi
c6 mit KAN ndng d6 100 nM duoc biéu
dién trong Hinh 3a. V&i CuSOq tin hiéu
huynh quang hau nhu khéng duoc hoi
phuc do cac ion Cu®* hoat dong nhu chit
dap tit huynh quang (quencher), théng
qua co ché nhan ning lugng tir g-C3Na,
lam giam kha nang phat huynh quang.
Céc chat dién ly khac déu ting cuong kha
ning phuc hdi huynh quang bang cach
lam suy giam 16p dién kép xung quanh
AUNPs va tang cuong lyc hut tinh dién
gitra kanamycin va AuNPs. Trong dé
Na;SO4 thé hién hiéu tmg ting cudng cao
nhat, c6 thé do dién tich kép cia ion SO4*
. Na,SO4 6,0 MM duoc chon 1a diéu kién
t6i wu cho céc thi nghiém tiép theo.

3.1.2. Anh hwong cua pH

Lua chon pH phu hop s& tao diéu kién
thudn lgi cho tuong tac gitta AuNPs va
kanamycin. Két qua khao sat anh husng
cua pH trong khoang tir 2,0 dén 9,0 dén
d6 hdi phuc huynh quang cua g-CsNg4
IAUNPs khi c6 mat kanamycin néng do
100 nM (Hinh 3b) cho thiy (F-Fg) ting
theo pH va dat cuc dai ¢ pH 7,0. Nhu
chung ta da biét, cac hat AUNPs diéu ché
bang phuong phap citrate co dién tich 4m
cuc dai trén nhom COO- cua 16p vo
citratet & khoang pH 6,7 (12), con
kanamycin c6 dién tich duong trén nhém
NH, & pH <pK; =9. Vi vay, tai pH 7,0,
lyc tuong tac tinh dién gitra kanamycin va
AuNPs duoc t6i wu va cho gid tri (F-Fo) 1a
I6n nhét.
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3.1.3. Anh hwong cua thoi gian

Thoi gian U cho phép kanamycin c6 du
thoi gian dé lién két voi hat nano vang,
Thoi gian U duoc khao sat trong khoang
tur 0-20 phut tir khi thém kanamycin 100
nM vao dung dich g-C3N4/AuNPs. Nhu
thé hién trong hinh 3c, cudng do huynh
quang tang dang ké sau khi thém KAN va
on dinh sau 15 phut. Do do, 15 phut duoc
chon 1a thoi gian @ t6i vu.

3.2. Panh gia phwong phap

3.2.1. Xay dung dwong chuan va dénh gid
dg tuyén tinh, LOD va LOQ

Ph6 huynh quang cia dung dich g-CsNj
IAUNPs & cac nong do kanamycin khac
nhau tir 10 nM dén 500 nM tai cac diéu
kién t6i wu duoc cho trong Hinh 3d. Két
qua cho thay khi thém kanamycin, cuong
d6 huynh quang cua dung dich g-C3N4
/AuNPs ting theo ndng do cua
kanamycin. Hinh 3d cho thiy quan hé
tuyén tinh gitta d6 hoi phuc huynh quang
(F-Fo) va nong d6 KAN trong khoang
nong do khao sat, véi phuong trinh hoi
quy tuyén tinh y = 5,168x + 0,1948, trong
d6 x 1a ndng do6 KAN (nM) va y 1a d¢ hoi
phuc huynh quang F-FO, hé s6 twong quan
cao R?=0,9972.

LOD, LOQ lan luot 1a 3,0 nM va 9,9 nM
duogc x4c dinh tir duong chuan bang cach
str dung phuong trinh LOD =3,3.Sy/b va
LOQ =10.Sy/b. Két qua ching minh rang
phuong phép cua chung t6i thé hién do
nhay cao hon so véi cac phuong phap
khac nhu dién di mao quan (13,7.10° nM)
[12], HPLC (51,5.10° nM) [13], hép thu
phan tir UV-Vis (9,24 nM) [14], ...

3.2.2. Bo chum va do ding

Két qua khao sat do chum véi cac muc
nong dcf)a 20, 50, 1’50 nM cho gié tri do
Iéch chuan twong d6i (% RSD) lan luot la
3,8 %; 29 % va 4,4 %. Do léch cua
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duong chuén, tai 3 mac nong do trén dat
tir 2,9 % - 4,4 %, déu dap uirng yéu cau cua
Hiép hoi cac nha phén tich (AOAC) [15].

Dua trén cac két qua khao sat da thuc
hién, c6 thé thay phuong phip huynh
quang str dung hé vat liéu g-C3N4 /AuNPs
cd d6 nhay, d6 chinh x4c dat yéu cau theo
AOAC, phil hop dé &p dung vao phan tich
ham luong kanamycin trong mau thuc té.

3.2.3. B¢ chon loc

Do chon loc cua phuong phap dugc danh
gia bang cach khao sat anh hudng cua cac
khang sinh khac nhu meropenem (Mero),
streptomycin (Step), ciprofloxacin (CIP),
chloraphenicol (CAP), ertapenem (Erta),
penicilin  (PEN) va cac ion nhu Mg,
Ca®*, Fe**, K*, CI', Br, NO3. O ndng do
100 nM, khong c6 chét nao trong sd cac
khang sinh hay ion trén thé hién bat ky
hiéu tng anh huong nao ddi véi g-CsNy
/AuNPs/kanamycin. Ngoai ra, do hoi
phuc huynh quang cua kanamycin khi co
mit c&c chat anh huong thay doi kha it, tir
-3,5 - 1,2 %, cho thiy phuong phap c6 do
chon loc d4p wng nhu cau phan tich (Hinh
3f).

3.3. Phan tich miu thuc té

Phuong phap da duoc &p dung vao dé xac
dinh ham luong kanamycin trong mot sé
mau dugc pham dang lwu hanh trén thi
truong. Két qua cho thay su sai khac giira
ham lwong kanamycin khi phan tich bang
phuong phap huynh quang su dung hat
nano vang va ham lugng trén nhdn dao
dong trong khoang tir -3,16 % dén 1,60%.
Phan tich thong ké su sai khac giita ham
luong do dugc va ham luong trén nhén
dwa vao kiém dinh t-test cho gia tri P-
value > 0,05, cho thdy su sai khac nay
khong c¢6 ¥ nghia thong ké & muc tin cay
95%. Két qua dugc trinh bay dudi dang
gi4 tri trung binh + d6 léch chuan (SD),
V6i n = 5 (nam l1an phan tich lap cho mai
mau). (Bang 1)



Tap chi phan tich Héa, Ly va Sinh hoc - Tdp 31, Sé 02/2025

Bang 1. Ham luong kanamycin trong mot s6 mau dugc pham trén thi trudng

Mau Tén mau Ham luong do bang phwong | Hamlwong | Sai khac
phap huynh quang + SD trén nhan (%)
(n=5)
1 Hanvet Kanamycin 10% 98,53 £ 0,05 mg/mL 100 mg/mL -1,50
2 Vemedim Kanamycin 20% 203,26 + 0,10 mg/mL 200 mg/mL 1,60
3 | Navetco Kanamycin 10% 97,44 + 0,12 mg/mL 100 mg/mL -2.60
4 Kanamycin sulfate 484,27 + 0,07 mg 500 mg -3,16
4. KET LUAN TAI LIEU THAM KHAO

Trong nghién cau nay, vat liéu g-
C3N4/AuNPs da dugc the nghiém thanh
cong vé kha nang wng dung trong phuong
phdp huynh quang dé dinh luong
Kanamycin thuoc nhom aminoglycoside
hay duoc st dung trong viéc diéu tri ¢
ngudi hay dong vat. Mot uu diém noi bat
la phuong phép nay cho phép phat hi¢n
kanamycin - mot phén ti khong co dac
tinh phat huynh quang va kha niang hap
thu anh sang yéu ma khdng can phai dan
Xuit héa nhu cic phuong phép truyén
thdng 1a HPLC, UV- Vis... Dua trén hiéu
ng tat bat huynh quang cua to hop, c6
thé xac dinh kanamycin trong khoang
nong do tir 10 nM dén 500 nM, gidi han
phat hién thap 3,0 nM. Day 14 lan dau tién
hé vat liéu g-C3N4/AuNPs dugc tng dung
thanh cong trong viéc phat hién
kanamycin trong mau dugc pham, mé ra
trién vong mg dung rong rai trong viéc
kiém soat du luwong khang sinh ciing nhu
phat hién nhiéu chat phan tich khac trong
moi trudng, thuc pham va y sinh nham
bao vé stc khoe cong dong.

LOI CAM ON

Nghién ctru nay duoc tién hanh trong
khgén kho deé tai QG.23.75 cua Pai hoc
quoc gia Ha Noi.
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