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SUMMARY

SYNTHESIS OF CQDs/AuNPs FOR FLUORESCENCE DETECTION
OF ANTIBIOTIC AMIKACIN IN PHARMACEUTICAL SAMPLES

In this study, carbon quantum dots and gold nanoparticles (CQDs/AuNPs) nanocomposite was
synthesized for detection of antibiotic amikacin by using fluorescence signal. The method is based on
fluorescence resonance energy transfer (FRET) between carbon quantum dots (CQDs) and gold
nanoparticles (AuNPs), whereas the fluorescence emission of CQD was quenched by FRET-induced
AuNPs. When amikacin was added to the CQDs/AuNPs system, due to high affinity between N-H
groups in amikacin molecule and AuNPs, the strong combination of amikacin and AuNPs released the
CQDs from the AuNPs and restore the CQD fluorescence. The CQDs/AuNPs system can detect
amikacin in aqueous solution (pH 4.0, NaCl saline) sensitively (ppb level) with a short response time (2
min). The results show that the fluorescence recovery has a good linear relationship with amikacin
concentration in the range of 107 M to 10 M. The developed method was applied for determination of
antibiotic amikacin in pharmaceutical samples.
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1. PAT VAN DE Gan day, cac nghién ciru hudng téi cac phuong
Hién nay, bénh Iy nhiém khuan nam trong sé phap xac dinh ham lugng amikacin trong duoc
nhitng bénh ding dau ca vé ty 1¢ mac bénh va pham nhim danh gia chit luong thude ciing
ty I¢ tr vong & Viét Nam ciing nhu trén thé nhu trong cac dich sinh hoc nhiam danh gi4
giéi. Do d6, khang sinh ludn dugc xem 1a mot hiéu qua diéu tri cho cac bénh nhan dang rat
nhém thudc dac biét quan trong trong y té [1- dugc quan tam. Tuy nhién cac phuong phap
3]. Aminoglycoside 12 nhém thubc khang sinh phd bién dé xac dinh amikacin hién nay nhu
6 phé téc dung cho vi khuin gram am, trong phuong phap dién hoa [7], phuong phap dién
nhém nay, amikacin 1a khang sinh c6 phd di mao quan [8], phuong phép séc ky long hiéu
khang khuén rong nhit va hoat tinh manh nhét ning cao HPLC [9, 10], v.v déu sir dung héa
vi ciu trdc cua amikacin (Hinh 1) khong phai chat va thiét bj dét tién, quy trinh van hanh
la co chit cua nhiéu enzym béat hoat phtic tap. Bén canh d6, do amikacin hip thu
aminoglycoside [1-6]. quang rat kém, nén thuong can dan xuét hoa dé
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tao cac dan xuit c6 kha ning hip thu quang
hoic phéat quang.

HoN

Hinh 1. C4u trac phan tir ciia Amikacin
Cham luong tir carbon (CQDs) duoc biét dén
nhu mot loai vat liéu nano c6 thé tdng hop
bang cac phuwong phap don gian, than thién vai
mdi trudng va s dung tai nguyén sinh khéi.
Ngoai ra, CQDs cling 1a vat liéu s& hitu cac
dac tinh quang hoc va dién tir vo cung doc dao.
Nhitng dic diém nay da gitip CQDs ¢6 c4c ung
dung da dang trong linh vuc cam bién méi dé
phét hién céc ion kim loai va cac hop chat hiru
co [11, 12], ddc biét 1a trong cac cam bién
huynh quang.

Trong nghién ctru nay, ching t6i dat ra muc
tiéu 1a tong hop nanocomposite CQDs/AuNPs
ung dung phat hién huynh quang khang sinh
amikacin. Nguyén tic phat hién amikacin dua
trén sy trao doi phdi tir va hién twong truyén
nang luong cong huong Forster (FRET) gitra
chim luong tir carbon (CQDs) va céc hat nano
vang (AuNPs) [13, 14]. Phuong phap huynh
quang cé d6 nhay va d6 chon loc cao, do chinh
xac tuong dwong so v6i hau hét cac phuong
phép phan tich truyén théng khac, cho phép
ng dung dé xac dinh nong d6 chit & mirc ham
luong ¢& ppb trong cac dbi twong mau khéc
nhau.

2. POI TUQNG VA PHUONG PHAP
NGHIEN CUU

2.1. Héa chét, thiét bj

Céc hoa chét tinh khiét phan tich: HAuUCI,,
natri clorua (NaCl), natri hydroxit (NaOH),
acid citric (CsHgO7), natri citrat (NazCsHs07),
glucoze, amikacin (Sigma).
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May quang phé héap thu phan tir UV-VIS 1601
PC-Shimadzu (Nhat Ban), buéc séng lam viéc
tir 400-800 nm, cuvet c6 chiéu day 1cm.

May huynh quang (F-4700, HITACHI, Nhat
Ban) s dung cuvet bén mit trong subt co
chiéu day 1 cm.

2.2. Tong hop vit ligu CQDs, CQDs/AuNPs
Vit lieu CQDs dugc tong hop bang cach nung
10 g acid citric ¢ 180 °C trong 24 gio. Sau d6
lam ngudi dén nhiét d6 phong, thu dugc chét
long c6 dd nhot cao. Hoa tan chét long thu
duogc bang nudc am, ly tm (10000 vong/phut),
gan lay phan chit ran sy kho va can dé dinh
lrong CQDs. Phan dung dich thu dugc s& bao
quan & 4 °C dé sir dung cho cac thi nghiém tiép
theo.

Dung dich CQDs duoc sir dung lam chét kha
dé khir HAUCI, tir Au®* xudng Au® tao ra vat
lieu CQDs/AuNPs nancomposite.

2.3. Nguyén tiic xac dinh amikacin

Quang phd huynh quang cua dung dich CQDs
dugc dic trung vai mot dinh phét xa cuc dai
xung quanh budc song 460 nm. Khi thém
AuNPs, dung dich CQDs chuyén tir mau nau
sang mau do tuoi do sy hinh thanh cua cac hat
AuNPs va cuong do phét xa huynh quang cua
dung dich tai 460 nm giam manh do hién
tuong dap huynh quang caa cac hat AuNPs.
Khi trong dung dich chra amikacin va
CQDs/AuNPs, amikacin s& hap phu Ién trén bé
mit cac hat nano vang nho lién két gitra Au -
NH. Khi d6, dién tich &m trén bé mat hat Au
giam, 1am giam lyc day tinh dién dong thoi
lam cho cac hat nano vang co cum lai. Dung
dich tuong wng chuyén tir mau do sang mau
xanh va cuong d6 phéat xa huynh quang cua
dung dich duoc hdi phyc.

Thiét 1ap méi quan hé giira do hdi phuc huynh
quang (F-Fo)/Fo & budc séng 460 nm véi nong
d6 amikacin, trong d6 F va Fo lan luot 12 tin
hiéu huynh quang khi c6 va khoéng coé
amikacin, dé 1am co sé dinh luong amikacin
bang phwong phap huynh quang.

2.4. Xir ly va phan tich mau

Cac mau thuéc tiém cé chea amikacin duoc
mua ngau nhién trén thi truong Ha Noi. Mau
thubc tiém chira amikacin dugc chuyén truc



tiép vao binh dinh mac 25 mL, dinh mic dén
vach muc bang nuéc cat thu dugc dung dich
mau. Cho 2 mL dung dich CQDs/AuNPs vao
lo thuy tinh dung tich 10 mL, thém 90 pL dung
dich NaCl 1M, chinh pH 4, thém 300 pL dung
dich mau, sau d6 thém nudc dé thé tich toan bo
dung dich dat da 3 mL. Bgi 2 phat va do do
hdi phuc huynh quang ¢ budc soéng 460 nm.
Ham luwong amikacin dwgc xac dinh bing
phuong phap thém chuan.
3. KET QUA VA BAN LUAN
3.1. Téi wu cac diéu ki¢n xac dinh amikacin
3.1.1. Khdo sat thé tich HAUCls
Hinh 2 biéu didn anh huong cua cac thé tich
HAuUCIs 10 mM khéac nhau tai tin hiéu huynh
quang caa dung dich CQDs do tai budc séng
460 nm.
C6 thé thay khi thém HAUCI,, tin hiéu huynh
quang cua dung dich CQDs giam xuéng va dat
cuc tiéu ¢ thé tich 75 uL/1 mL dung dich
CQDs. Au® bj khir vé Au® gay nén hién tuong
tat huynh quang do hiéu ung FRET.
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Hinh 2. Anh hwong ciia thé tich HAuCly 10mM
toi cuong do huynh quang cua dung dich CQDs

San pham thu duoc c6 mau dé hong cua nano

vang, chang to vat liéu nanocomposite

CQDs/AuNPs di duoc tong hop thanh cong.

Tir két qua khao sat trén Hinh 2, ching toi lya

chon thé tich dung dich HAUCI, t6i uu khi tong

hop CQDs/AuNPs 1a& 75 pL/1 mL dung dich

CQDs dé dinh lugng amikacin trong céac thi

nghiém tiép theo.

3.1.2. Khdo sét anh hwong cia néng dg mudi

NaCl

Sy ¢6 mat cua mudi dién ly nhu NaCl 13 tac

nhan khoi mao cho su co cum cua cac hat nano

Au; do vay s& anh huong lon dén do hdi phuc

huynh quang cta dung dich CQDs/AuNPs khi

c6 mat amikacin. Két qua khao sat cho thiy, do
hdi phuc huynh quang dat gia tri cuc dai tai
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ndng do NaCl 1a 0,03M, sau d6 giam dan. Do
do, nong d6 mudi NaCl 0,03M duoc lya chon
la diéu kién t6i wu cho cac thi nghiém tiép
theo.
3.1.3. Khdo sat dnh hwong cua pH
pH 1a mot trong céc yéu té anh huéng quan
trong dén d6 hoi phuc huynh quang cua
CQDs/AuNPs khi c¢6 mit chat phan tich [15].
Két qua khao sat anh hwong cua pH trong
khoang pH tir 3,0 dén 8,0 cho thiy d6 hdi phuc
huynh quang cta dung dich CQDs/AuNPs khi
c6 mat amikacin phu thudc twong dbi nhidu
vao pH (Hinh 3). Gia tri (F-Fo)/Fo dat cuc dai &
pH 4.0 sau d6 giam dan khi thay doi pH tir 4,0
xudng 8,0. Amikacin mang dién tich dwong tai
céc gia tri pH < pI ~5,0 (diém déng dién cua
amikacin), con cac hat AuNPs c6 dién tich am
& pH thip, vi vay cac phan tir amikacin c6 thé
lién két t6t véi AuNPs thdng qua tuong tac tinh
dién tai céc gia tri pH < 5; lam phé& huay cau
trdc cua té hop nano CQDs/AuNPs [13] va hoi
phuc huynh quang cho dung dich CQDs. O pH
< 4, mat do dién tich am trén bé mat AuNPs
giam, din dén giam hiéu Gng FRET giia
CQDs va AuNPs [14].
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Hinh 3. Anh hirong cia pH téi dg hoi phuc
huynh quang cua dung dich CQDs/AuNPs
Tur két qua khao sat & Hinh 3, pH 4,0 duoc
chon 12 gia tri pH t6i wu cua dung dich do tai
gi tri ndy do hoi phuc huynh quang (F-Fo)/Fo
la 16n nhat.
3.1.4. Khdo sat dnh hwéng cia thoi gian
Anh huéng cua thoi gian dén do hdi phuc
huynh quang cta dung dich CQDs/AuNPs khi
thém amikacin dugc khao sat trong 30 phat.
Két qua thuc nghiém cho thay do hdi phuc
huynh quang ¢ budc séng 460 nm tang nhanh
& 2 phut dau; sau do giam nhe, chung to hign
trong co cum cua cac hat nano vang bat dau



xay ra ngay khi tron va két thic sau khoang
thoi gian 2 phat. Ngoai ra, bang mét thuong c6
thé quan sét thay, sau khi thém amikacin, dung
dich chuyén mau tir do sang xanh (twong ting
Vi su co cum cua cac hat AuNPS) va mau bén
vitng & khoang phdt the 2. Vi vay, 2 phit 1a
thoi gian t6i uvu duoc lya chon dé phét hién va
dinh lugng amikacin.
3.1.5. Khdo sét anh hweng ciia nong dj
Amikacin
Nong d6 dung dich amikacin duoc khao sat
trong khoang tir 107 dén 10 M, do hdi phuc
huynh quang cua cdc dung dich amikacin dugc
do trén may quang phd huynh quang ¢ budc
s6ng 460 nm va duoc biéu dién trén Hinh 4.
T Hinh 4 c6 thé thiy khi ting ndng do
amikacin, do héi phuc huynh quang cua cac
dung dich chuan amikacin & bugc séng 460 nm
tang tuyén tinh véi nong d6 amikacin va day s&
1a co s& dé dinh lugng amikacin bang phuong
phap nay.
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Hinh 4. Anh hirong cua nong do Amikacin
3.2. Panh gia phuong phap
banh gid phuong phdp phan tich thong qua
khao sat khoang tuyén tinh, xay dung duong
chuan, xac dinh gigi han phat hién (LOD), gioi
han dinh luvong (LOQ), d6 chum, d6 dung.
Tién hanh do cac dung dich amikacin c6 nong
d6 khéac nhau tir 107 dén 10* M tai cac diéu
kién toi wu vira xac dinh & trén (pH 4,0; NaCl
0,03 M; 75 pL dung dich HAuCls 10 mM; thoi
gian 2 phat). Két qua cho thay ti I¢ d¢ hoi phuc
huynh quang tang tuyén tinh theo ndng do cua
amikacin trong khoang tir 107 dén 10°° M. Xay
dung dudng chuan trong khoang ndng do nay
thu duoc phuong trinh: y = 0,3938x + 0,4299
VGi hé s6 tuong quan cao R?=0,9989.

Do chum dugc danh gia thong qua do lap lai: Po
l3p 7 I1an dung dich amikacin & céc ndng do 5x10°
"M (~0,29 ppm); 10°M (~0,59 ppm) va 5x10°M
(~2,93 ppm). Két qua thu duoc Véi cac mic ndng
do trén cho gi4 tri do léch chuén twong di (%
RSD) lan luot 12 3,28 %; 4,55 %; 3,68 % dap tng
yéu cau cua Higp hoi cac nha phan tich (AOAC).
b§ dung cua phuong phap dugc danh gid
théng qua hiéu suat thu hdi, tai 3 mic ndng do
trén, hiéu suat thu hdi cao dat tir 95,7 % -
101,3 %, dap ing yéu cau caa AOAC.
LOD va LOQ duoc xac dinh tir duong chuén,
theo cong thac LOD =3Sy/b va LOQ= 10Sy/b.
Két qua thu dwoc gid tri LOD la 3 % 108
mol/L; LOQ la 107 mol/L.
3.3. Két qua phan tich ham lwgng Amikacin
trong mau thuéc
Két qua phan tich mot s6 mau dwoc pham chira
amikacin bang phuong phap huynh quang sir
dung dung dich CQDs/AuNPs dugc cho trong
Bang 1 clng véi cac thdng tin vé mau. Két qua
sy sai khac gitra ham luong mau so voi trén
nhén trong khoang 1,6 % dén 8,4 %, cho thiy
phuong phap cd kha ning dinh luong
Amikacin cho d6 tin cay cao.
Bang 1. Két qua phan tich khang sinh amikacin
trong mét sé mau diroc pham

Ham Ham Sai khac
Tén thuée llr?ngg}li lwgng do so:f()i
tréen nhan| dwecC trén
(mg) (mg)  |mhan (%)
Itamekacin
(LSX: 500 506,8 +1,6
P0400120)
Itamekacin
(LSX: 500 491 -1,8
P071120)
Vinphacine
(LSX: 500 458 -84
231020)
Vinphacine
(LSX: 500 510 +2,0
071120)
Amikacin
(LSX: 500 479 -4,2
S0234561)




4. KET LUAN

Trong nghién cau nay, chung toi da tong hop
thanh  cbng nanocomposite
CQDs/AuNPs va ung dung dé dinh lugng
amikacin ¢6 trong miau duoc pham bing

vat  liéu

phuong phap huynh quang. Phuong phap c6 d6
chinh xac cao va gioi han phat hién rat thip
(LOD = 3 % 10® M) so véi cac phuong phap
hién nay dang st dung. Phuong phap don gian,
dé thuc hién va da dugc ap dung dé xac dinh
amikacin trong 5 mau dugc pham. Nghién ciru
c6 thé mo rong ra dé xac dinh ham lugng
amikacin trong cic ddi tuong sinh hoc nhu
nuée tiéu va huyét twong gép phan danh gia
hiéu qua diéu tri khang sinh cho cac bénh
nhan.
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