Nghién ctru khoa hoc c6ng nghé

NGHIEN CUU SU DUNG POLYME IN DAU PHAN TU TREN CAC
CHAM LUONG TU CARBON LAM CAM BIEN HUYNH QUANG
XAC PINH NAPROXEN

NGUYEN DPINH THI ’, TRAN PONG DUONG ,
TRAN NGOC BICH V, PHAM THI NGOC MAI ¥

1. PAT VAN DE

Naproxen [(+)-2-(6-methoxy-2naphthyl) axit propionic], 13 mét loai thube
chéng viém khong steroid va duogc sir dung rong rii trong diéu tri nhidu bénh nhu
viém khép dang thap, thoai héa khép, cing khop, viém khép cép tinh, bénh gat va
dau bung kinh nguyén phat. V&i bénh nhan cao tudi c6 van dé vé than, bénh mau
khé dong va rdi loan déng mau tiéu cau, naproxen dugc khuyén nén dung thin
trong. CAu tric phan tir ciia naproxen dugc trinh bay & Hinh 1 [1].

Gan day, cac nghién ctru hudng tdi cac phuong phap xac dinh ham luong
naproxen trong dugc pham dé danh gia chat lwong thude ciing nhu trong cac dich
sinh hoc dé danh gia hiéu qua diéu tri cho cac bénh nhan dang rat duogc quan tam.
Tuy nhién céc phuong phap phd bién dé xac dinh naproxen hién nay nhu phuong
phap dién hoa [2], phuong phéap dién di mao quan [3], phuwong phap sic ky 16ng hiéu
nang cao HPLC [4, 5]... déu su dung hoa chit va thiét bi dat tién, van hanh tuong
dédi phtrc tap. Ngoai ra, cac cam bién do mau lai c6 do nhay va d¢ chon loc tuong dbi
han ché [6].

OH

ey
Hinh 1. Cau tric phén tir ctia naproxen

Cham lugng tir carbon (CQDs) duoc biét dén nhu mét loai vat liéu nano c6 thé
tong hop bang cac phuong phap don gian, than thién véi méi truong va sir dung tai
nguyén sinh khéi. Ngoai ra, CQDs ciing 13 vat liéu s& hitu cac dic tinh quang hoc va
dién tr v cung ddc dao nhu tinh phat xa huynh quang manh, do on dinh cao, d6 dan
dién tdt,... Nhitng ddc diém nay da giup CQDs c6 cac ung dung da dang trong linh
vuc cam bién méi dé phat hién cac ion kim loai va cac hop chat hitu co [7, 8], dic
biét 1a trong cac cam bién huynh quang. Tuy nhién di kém véi do nhay cao, d6 chon
loc 13 mot nhugc diém ma cac sensor huynh quang st dung CQDs dang can phai
khic phuc.
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Polyme in dau phan tir (Molecular Imprinted Polymer, MIP) 1a mét loai
polyme mé phong sinh hoc dugc tong hop théng qua phan tng tring hop cua cac
monome chirc ning va lién két ngang v&i sy c6 mit ctia phan tir mau [9]. Sau khi
loai bé phan tir mau ra khoi polyme dé tao thanh MIP, cac 18 tréng c6 dinh dang
chon loc ctia phan tir mau s& hinh thanh, gitp MIP c¢6 kha ning giit chon loc chi
phan tir mau. Vi vdy, bang cach két hop MIP véi CQDs c6 thé ting d6 chon loc cuia
sensor CQDs 1én rét nhiéu [10].

Trong nghién ctru ndy, chung toi dat ra muc ti€u la su dung vat licu CQDs-
SiO,@MIP dé xac dinh naproxen bang phuong phap huynh quang. Cam bién huynh
quang CQDs-SiO,@MIP dugc tong hop théng qua phan ng trung hop sol-gel st
dung naproxen lam phan tir mau, cac chim luong tir carbon (CQD) lam vat liéu tin
hi€u, 3-aminopropyltriethoxysilan (APTES) la monome va tetraethylorthosilicat
(TEOS) 1a chit lién két ngang. Cam bién xac dinh naproxen dua trén hiéu ing dap
tat huynh quang ciia CQDs khi c6 mat naproxen do su truyén dién tich giita cac phan
tir CQDs (dong vai tro chat nhan dién tir) va naproxen (dong vai trd chét cho dién
tur). Phuong phap huynh quang c6 d6 nhay va dd chon loc cao, d6 chinh xac tuong
duong so véi hau het cac phuong phéap phén tich truyén théng khac, cho phép ing
dung dé xac dinh nong do chat & mirc ham luong c& ppb trong cic d6i tuong mau
khac nhau. Phuong phap duoc ap dung vao dé xac dinh ham luong naproxen trong 1
s6 mau dugc pham va so sanh dbi ching bang phuong phap LC-MS/MS.

2. POI TUQNG VA PHUONG PHAP NGHIEN CU'U
2.1. Héa chit, thiét bi

Céc hoa chit tinh khiét phan tich: natri hydroxit (NaOH), axit citric (CsHsO),
tetraethyl orthosilicat (TEOS), (3-aminopropyl) triethoxysilan (APTES), dung dich
NHs, ethanol (EtOH), glucose, naproxen (Sigma).

Mdy huynh quang (F-4700, HITACHIL, Nhét Ban) st dung cuvet bon mat
trong suot co chiéu day 1 cm.

May ly tam lanh (MR231i, JOUAN, Phap).
2.2. Tong hop vit liéu CQDs-Si0,, CQDs-SiO,@MIP, CQDs-SiO,@NIP

Téng hop vat liéu CQDs: Nung 10 g acid citric & 180°C trong 24 gid trong
mai truong khong khi. Sau d6 1am ngudi dén nhiét do phong, thu duoc chat long 6
d6 nhét cao. Hoa tan chét 1ong thu dugc bang nude deion, ly tam (10000 vong/phit),
gan lay phan chét rin say kho va can dé dinh lugng CQDs.

Téng hop vét liéu CQDs@Si0,: Thém 5,0 mL CQDs (0,02 mg/mL) vao 75,0
mL EtOH, thém 356 pL APTES va rung si€u am dung dich thu dugc trong 5 phut.
Sau d6 gia nhiét hdn hop & 40°C trong 30 phut. Lam lanh hdn hop nay xudng nhiét
d6 phong, tién hanh loc dé thu CQDs-SiO,.

Téng hop vat lieu CQDs-SiO@MIP: Thém 1,0 mL naproxen 10° M 1am
khuon mau vao 6,5 mg/mL CQDs-SiO, (trong 75,0 mL EtOH). Sau d6 thém 356 uL
APTES va 1368 pL TEOS va rung si€u am trong 5,0 phat. Thém vao 240 pL dung
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dich (3,0 mL NHj3 25% va 11,0 mL nudc deion) va khuéy’ hdn hop thu dugce trong 6
phut & nhiét do phong. Hon hop duge 1am kho trong ti say & 60°C trong 4 gio, thu
duoc CQDs-SiO,@MIP.

Téng hop vat liéu CQDs-SiO,@NIP: cing diu kién véi CQDs-SiO,@MIP
nhung khong thém naproxen.

2.3. Nguyén tic xac dinh naproxen

Quang phd huynh quang ctia dung dich phan tan CQDs-SiO,@MIP duoc dic
trung voi mot dinh phat xa cuc dai xung quanh budc song 430 nm. Khi c6 mat
naproxen, qua trinh phat huynh quang ctia CQDs-SiO>@MIP bi dap tit manh do su
truyén dién tich giita cac phan tir CQDs va naproxen [11]. Trong dé cac phan tir
CQDs va naproxen lan luot dong vai tro 1a chit nhan dién tt va chit cho dién ti.

Thiét 1ap mdi quan hé gitra d6 dap tit huynh quang (Fo-F) & budc song 430 nm
v&i nong d naproxen, voi F va Fy 1an luogt 1a tin hiéu huynh quang khi c6 va khong
c6 naproxen, lam co s¢ dé dinh lugng naproxen bang phuong phap huynh quang.

2.4. Quy trinh t6i wu diéu kién xac dinh naproxen

CQDs-SiO,@MIP dugc phan tan trong dung dich dém acetat 0,04 M, rung
siéu am trong 5 phut, chinh pH = 4, 1 trong 15 phut. Phép do cuong d¢ huynh quang
duogc ghi lai bing may quang ph6 huynh quang véi bude song kich thich va phat xa
1§n Iuot 18 Agieh thich = 350 nm va }\:pha"t xa — 430 nm.

2.5. Xir Iy va phéan tich mau

Céac mau thude co chtra naproxen dugc mua ngau nhién trén cac hiéu thudc &
Ha Noi (thong tin vé mau thude duoc cho trong Bang 2). Mau thudc chira naproxen
duoc nghién nho, can chinh xéc 1an luot 0,031 g mau thude SavNopain 250; 0,032 g
mau thudc Naproxen 500; 0,041 g miu thudc Naproxen 550 sau dé chuyén véao binh
dinh muc 25,0 mL, dinh muc dén vach muc béng nudc deion. Loc dung dich qua
gidy loc, pha lodng 1000 1an thu dugc dung dich mau. Thém 300 pL dung dich mau
vao 2,0 mL dung dich CQDs-SiO,@MIP, chinh pH 4, sau d6 thém nudc deion dé
thé tich toan bo dung dich dat 3,0 mL. Poi 15 phit va do tin hiéu huynh quang &
budc song 430 nm véi bude song kich thich 1a 350 nm. Ham lugng naproxen dugc
xéc dinh bang phuong phap thém chuan.

3. KET QUA VA THAO LUAN

3.1. Mgt s6 tinh chit ciia vét liéu CQDs-SiO,@MIP

Trén Hinh 2 va Hinh 3 1a két qua do SEM va XRD cua vit liéu CQDs-
SiO,@MIP. Trén gian d6 XRD cua vt liéu cho thiy 1 quing rong & 20 = 22°, 1a
quang dic trung cia CQDs [12]. Khong phat hién thdy cac dinh dic trung cia
polyxilosan c6 1& 13 do ham lwong nho va céu trac v6 dinh hinh cua 16p vo polyme.
Anh SEM cho théy cac hat tron két tu, voi kich thude khoang vai chyc nm, tuy nhién
& d6 phan giai nay chua cho phép két luan chinh xac vé kich thudc cta don hat.
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Khi do phd huynh quang phan tir cia vat lieu CQDs, CQDs-SiO,@MIP va
CQDs- SiO>@MIP - naproxen, c6 thé thady CQDs-SiO,@MIP ¢6 cuong d6 huynh
quang giam nhe so véi CQDs, do su ton tai ctia 16p vo khong phat quang MIP. Khi
thém naproxen, naproxen dugc giit lai trén cac 15 trong cua 16p MIP, tuong tic trao
dbi dién tir voi CQDs va dap tit dang ké huynh quang ciia CQDs. Nhu véy c6 thé
két luan so bg, vat lisu CQDs/MIP d3 duogc téng hop thanh cong voi hiéu Gng dap
tat huynh quang khi c6 mit naproxen.

x1 UDKSE(‘M) 8/14/2023 %

Hinh 2. Anh SEM cuia CQDs-SiO,@MIP

Hinh 3. Gian d6 XRD ciia CQDs-SiO,@MIP

3.2. T6i wu cac diéu kién xac dinh naproxen
3.2.1. Khdo sdt dnh huong ciia dung dich dém

Céc dung dich dém khac nhau bao gém dung dich dém tris (hydroxymethyl)-
aminomethan, photphat va axetat dugc khao sat voi nong do dém thay dbi trong
khoang 0,01 - 0,06 M. Két qua cho thay gia tri cao nhét ddi véi thong sd Fo-F duoc
quan sat thdy v6i dung dich dém axetat (0,04 M; pH 4) va dung dich dém nay s&
duoc Iya chon cho cac thi nghiém tiép theo.
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Hinh 4. Anh huong cia dung dich dém

3.2.2. Khao sdat anh huwong ciia pH

0,06

pH 12 mot trong cac yéu té quan trong anh huéng dén tin hiéu huynh quang
ciia CQDs-SiO,@MIP khi c6 mit chat phan tich. Két qua khao sat anh hudng cia
pH trong khoang tir 2 dén 8 cho thdy tin hiéu huynh quang cua dung dich CQDs-
SiO,@MIP khi c6 mit naproxen phu thudc twong dbi dang ké vao pH (Hinh 5). Gia
tri Fo -F dat cuc dai & pH 4 sau d6 giam dan khi thay doi pH tir 4 xudng 8. Su giam
tin hiéu & pH > 4 ¢ thé dugc giai thich do tai cac gia tri pH nay, 16p vo silica co thé
bi ion hoa va xuét hién cac khuyét tit bé mat lam giam tin hiéu huynh quang. Két
qua nay con cho thy viéc dap tit huynh quang khong chi phu thudc vao twong tac

tinh dién ma con phu thudce vao cac twong tac khac nhu lién két hydro [12].
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3.2.3. Khao sdt anh huwong ciia thoi gian

Anh huéng cua thoi gian dén tin hiéu huynh quang cta dung dich CQDs-
SiO,@MIP khi thém naproxen dugc khao sat trong 22 phut. Két qua thuc nghiém
cho thay tin hiéu huynh quang & budc song 430 nm ting dan trong khoang 15 phut
va sau d6 khong thay ddi. Vi vay, 15 phut 1a thoi gian toi wu dugc lya chon dé phat
hién va dinh luong naproxen.
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Hinh 6. Anh hudng cua thoi gian
3.2.4. Khdo sdt anh hwéng ciia nong dp naproxen

Trén Hinh 7 biéu dién d6 dap tit huynh quang (Fo-F) duoc ghi lai tai budc
song 430 nm cua cac dung dich naproxen co nong d6 thay dbi trong khoang tir 2 x
107 dén 10 M. Tir két qua co thé thay khi ting nong do naproxen, do dap tat huynh
quang (Fo-F) cta cac dung dich chuan naproxen tang tuyén tinh voéi nong do
naproxen va day s& 1a co s¢ dé dinh luong naproxen bang phuong phéap nay.
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Hinh 7. Anh huong cta ndng d6 naproxen
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3.3. Khao sat tinh chgn lgc ciia phwong phap

Mot trong nhitng thong s6 phan tich quan trong cta sensor 1a tinh chon loc. Dé
danh gia do chon loc ctia phuong phap trong diéu kién tdi wu, tin hiéu huynh quang
cua CQDs-SiO,@MIP, CQDs-SiO;@NIP khi c6 mét cua cac chat khac nhau nhu
K, Mg%, Ca’’, Zn*", glucose, piroxicam, axit mefenamic da dugc khao sat va biéu
dién trong Hinh 8. Sy sai léch vé tin hiéu huynh quang tir 1,52 % + 4,56 % khi c6
mit cic chat anh huong cho thay kha ning hip phu chon loc cao cac phan tir
naproxen lén trén céc 18 trong ctia bé mit CQDs-SiO,@MIP (in dau phan tir) so voi
sai léch tir 10,06 % + 58,2 % ctia CQDs-SiO,@NIP (khong in ddu phan tir).

250

i 2,03 ] MIP = NIR,06
200 2,54

LLEELEELE

NPX NPX + NPX+ K+ NPX+ NPX + NPX +  NPX+ NPX + NPX+
Na+ Mg2+ Zn2+ Glucozo Piroxicam  Axit  Celecoxib
Mefenamic

Hinh 8. Khao sat d¢ chon lgc cua CQDs-SiO,@MIP
3.4. Panh gia phwong phap

banh gia phuong phap phan tich dugc thyc hién thong qua khdo sat khoang
tuyén tinh, xay dung dudng chuan, xac dinh gidi han phat hién (LOD), gi6i han dinh
lugng (LOQ), @6 chum va do dung cua phuong phap.

Tién hanh do cac dung dich naproxen c6 ndng do khac nhau tir 1,5 x 107 dén
10™ M tai cac didu kién tbi wu vira xac dinh ¢ trén (pH 4; dém axetat 0,04 M; thoi
glan 15 phit). Két qua cho thay do dap tit huynh quang (Fo-F) tang tuyén tinh theo
nong do cua naproxen trong khoang tir 1,5 x 107 @én 10° M. Xay dung dudng chuan
trong khoang nong d¢ nay thu duoc phuong trinh: (Fy-F) = 10 791anapmxenx10 +
3,6851; hé sb twong quan cao R*= 0,9988.

bo chum dugc danh gia thong qua do lap lai: Po lp 7 lan dung dich naproxen
& cac ndong d6 1,5 x 107 (~0,034 ppm); 10°M (~0,23 ppm) va 10° M (~2,303 ppm).
Két qua thu dugc voi cac mirc nong do trén cho gia tri d6 1éch chuén tuwong ddi (%
RSD) lan luot 1a 3,61%; 2,76% va 1,55% dap ung yéu cu cua Hiép hoi cac nha
phan tich (AOAC) [13].

Do ding cua phuong phap dugce danh gia thong qua hiéu sut thu h01 tai 3
mirc ndng d¢ trén, hiéu sut thu hdi cao dat tir 96,3% - 99,33%, dép tmg yéu cau cla
AOAC [13].
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LOD va LOQ duogc xac dinh tir duong chuén, theo cong thire LOD = 3S,/b va
LOQ = 10S/b. Két qua thu dwoc gia tri LOD 13 5 x 10® mol/L (11 ppb); LOQ la
1,5x107 mol/L (34 ppb). Gia tri LOD thu duoc cia phuong phap thap hon nhiéu so
v6i mot s6 phuong phap nhu dién hoa, dién di va twong duong véi cac phuong phép
sac ki nhu HPLC-huynh quang, GC/MS (Bang 1).

Bang 1. LOD cua mdt s6 phuong phap xac dinh naproxen

Phuwong phap LOD Nam, TLTK
Pién hoa 0,24 ppm 2003, [14]
Hoa phat quang 15 ppb 1998, [15]
bién hoa 70 ppb 2012, [16]
HPLC - huynh quang 16 ppb 2009, [17]
HPLC - UV 0,01 ppm 2017, [18]
GC - MS 30 ppb 2014, [19]
Phl;ﬁgglglg%?_g{gl:@gﬁ?g su 11 ppb Nghién ciru nay

Gi6i han phat hién cua phuong phap (MDL) va gidi han dinh lugng cua
phuong phap (MQL) véi mau dugc pham duogc xac dinh bang cach do lap 10 lan
mau tring; tinh gia tri Sb (d6 léch chudn) va tinh MDL=3Sb/y; MQL=10Sb/y. Két
qué thu dugc gia tri MDL la 16,3 ppb (twong duong 3,6 mg/vién, MQL 1a 49,0 ppb
(twong duong 10,7 mg/vién).

3.5. Két qua phan tich ham hrong naproxen trong miu thudc

Ap dung phuong phap huynh quang sir dung dung dich CQDs-SiO,@MIP dé
phan tich mot s6 mau duoc phdm chira naproxen. Két qua phan tich dugc cho trong
Béng 2 cting véi cac thong tin vé mau. Tir bang nay co thé thay su sai khac khong 16n
gitra két qua phan tich va ham luong cung cép trén nhén, dao dong trong khoang 1,6
% + 5,27 %. Két qua phén tich ciing da duoc so sanh dbi chimg véi phuong phap LC-
MS/MS, kiém dinh t-test bat cap cho Pyue = 0,706 > 0,05 (P > 95%) cho thay su
twong quan cao giita két qua do cua 2 phuong phéap, ching t6 phuong phap huynh
quang c6 do tin cdy cao.

Bang 2. Két qua phén tich naproxen trong mot s6 mau duwoc pham

. Ham lugng chit phén tich | Saj khac giira | Sai khéc
Ham lugng . ~ . .
. £ L (mg) ham lwong phan| giita hai
Tén thuoc trén nhan , . - ]
(mg) Phuong phap |Phwong phap tlfh va;nllan ph,u(rr:g
huynh quang | LC-MS/MS | €0"8 bo (%) | phap (%)
SavNopain 250 250 246 243 -1,6 +1,2
Naproxen 500 500 516 489 +3,2 +5,2
Naproxen Sodique 550 521 520 -5,27 +0,11

72

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 32, 09 - 2023




Nghién ctru khoa hoc c6ng nghé

4. KET LUAN

Trong nghién ctu nay, ching t6i da Ung dung thanh céng vat liéu CQDs-
SiO,@MIP dé dinh luong naproxen cé trong mau dugc pham bang phuwong phap
huynh quang Phuong phép c6 d6 chinh x4c cao va giéi han phat hién thdp; LOD =
5x10°M (11 ppb) so voi cac phuong phap hién nay dang st dung. Phuong phap
don gian, dé thyc hién va da dugc ap dung dé xac dinh naproxen trong 3 mau dugc
pham cho két qua sai khac véi nhan cong b trong khoang 1,6% + 5,27%. Cac két
qua nay ciing di dugc kiém chimg bang phuong phap LC-MS/MS cho thiy phuong
phap huynh quang 1a dang tin cdy. Nghién ctru c6 thé mo rong ra dé xac dinh ham
luong naproxen trong cac dbi tugng sinh hoc nhur nuée tiéu va huyét twong gép phan
danh gia hiéu qua diéu tri giam dau cho cac bénh nhan.

TAI LIEU THAM KHAO

1. Lian H., Hu Y., & Li G., Novel metal ion-mediated complex imprinted
membrane for selective recognition and direct determination of naproxen in
pharmaceuticals by solid surface fluorescence, Talanta, 2013, 116:460-467.
DOI: 10.1016/j.talanta.2013.07.022

2. Tashkhourian J., Hemmateenejad B., Beigizadeh H., Hosseini-Sarvari M., &
Razmi Z., ZnO nanoparticles and multiwalled carbon nanotubes modified
carbon paste electrode for determination of naproxen using electrochemical
techniques. Journal of Electroanalytical Chemistry, 2014, 103-108:714-715.
DOI:10.1016/j.jelechem.2013.12.026

3. M. Fillet, L. Fotsing, J. Bonnard, J. Crommen, Stereoselective determination
of S-naproxen in tablets by capillary electrophoresis, Journal of
Pharmaceutical and Biomedical Analysis, 1998, 18:799-805. DOI:
10.1016/s0731-7085(98)00218-0

4. S.R. Lee, H. B. Park, K. Hyun Kim, Highly sensitive, simple, and cost-and
time-effective method to determine the absolute configuration of a secondary
alcohol using competing enantioselective acylation coupled with LC/MS,
Analytical chemistry, 2018, 90:13212-13216.
DOI:10.1021/acs.analchem.8b03385

5. O. M. Younes, F. A. Ali, Z. Al Assaf, Enantioseparation of metoprolol tartrate
using hplc by adding methyl beta cyclodextrin to the mobile phase (as chiral
additive), Research Journal of Pharmacy and Technology, 2018, 11:3937-3942.
DOI:10.5958/0974-360X.2018.00723.0

6. H. N. Kim, Z. Guo, W. Zhu, J. Yoon, H. Tian, Recent progress on polymer-based
fluorescent and colorimetric chemosensors, Chem. Soc. Rev., 2011, 40:79-93.
DOI:10.1039/c0cs00058b

7. R. Mohammadi, H. Naderi-Manesh, L. Farzin, Z. Vaezi, N. Ayarri, L.
Samandari, et al., Fluorescence sensing and imaging with carbon-based

quantum dots for early diagnosis of cancer: A review, Journal of Pharmaceutical
and Biomedical Analysis, 2022, 212:114628. DOI: 10.1016/j.jpba.2022.114628

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 32, 09 - 2023 73



Nghién ctru khoa hoc c6ng nghé

10.

11.

12.

13.

14.

15.

16.

17.

18.

Chu, Han-Wei, et al., Carbon quantum dots for the detection of antibiotics and
pesticides, Journal of Food & Drug Analysis, 2020, 28(4) Article 5.
DOI:10.38212/2224-6614.1269

B. Benedetti, M. Di Carro, E. Magi, Multivariate optimization of an extraction
procedure based on magnetic molecular imprinted polymer for the

determination of polycyclic aromatic hydrocarbons in sea water, Microchemical
Journal, 2019, 145:1199-1206. DOI:10.1016/j.microc.2018.12.048

T. Hao, X. Wei, Y. Nie, Y. Xu, Y. Yan, Z. Zhou, 4n eco-friendly molecularly
imprinted fluorescence composite material based on carbon dots for
fluorescent detection of 4- nitrophenol, Microchimica Acta, 2016, 183:2197-
2203. DOI:10.1007/s00604-016-1851-2

Y. Zhou, Z. bei Qu, Y. Zeng, T. Zhou, G. Shi, 4 novel composite of graphene
quantum dots and molecularly imprinted polymer for fluorescent detection of
paranitrophenol, Biosensensor and Bioelectronics, 2014, 52:317-323.
DOI:10.1016/j.bi0s.2013.09.022

Juan Hou, Huiyu Li, Long Wang, Ping Zhang, Tianyu Zhou, Hong Ding, Lan
Din, Rapid microwave-assisted synthesis of molecularly imprinted polymers

on carbon quantum dots for fluorescent sensing of tetracycline in milk,
Talanta, 2016, 146:34-40. DOI:10.1016/j.talanta.2015.08.024

AOAC, Appendix F: Guidelines for standard method performance
requirements, AOAC official methods of Analysis, 2012, 9.
DOI:10.1093/9780197610145.005.006

Nafaa Adhoum, Lotfi Monser, Meriem Toumi, Khaled Boujlel, Determination
of naproxen in pharmaceuticals by differential pulse voltammetry at a
platinum  electrode, Analytica Chimica Acta, 2003, 495:69-75.
DOI:10.1016/S0003-2670(03)00922-X

Determination of naproxen with chemiluminescence detection, Analyst, July
1998, 123:1571-1574. DOI: 10.1039/a802013b

Jessica S. Stefano, Ana Paula de Lima, Rodrigo H. O. Montes, Eduardo M.
Richter, Rodrigo A. A. Muifoz, Fast determination of naproxen in
pharmaceutical formulations by batch injection analysis with pulsed
amperometric detection, J. Braz. Chem. Soc., 2012, 23(10):1834-1838.
DOI:10.1590/S0103-50532012005000055

Yonghua Sun, Zhujun Zhang, Zhijun Xi, Zuolong Shi, Determination of
naproxen in human urine by high-performance liquid chromatography with direct
electrogenerated chemiluminescence detection, Talanta, 2009, 79:676-680.
DOI:10.1016/j.talanta.2009.04.048

Saiga Muneer, Iyad Nacem Muhammad, Muhammad Asad Abrar, Iqra Munir,
Iram Kaukab, Abdullah Sagheer, Habiba Zafar, Kishwar Sultana, High
performance liquid chromatographic determination of naproxen in prepared
pharmaceutical dosage form and human plasma and its application to
pharmacokinetic study, J. Chromatogr. Sep. Tech., 2017, 8:3 DOI:10.4172/2157-
7064.1000369

74

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 32, 09 - 2023



Nghién ctru khoa hoc c6ng nghé

19. Bilal Yilmaz1, Huseyin Sahin, Ali Fuat Erdem, Determination of naproxen in
human plasma by GC-MS, J. Sep. Sci. 2014, 37:997-1003. DOI:
10.1002/jss¢c.201301105

SUMMARY

STUDY ON USING MOLECULAR IMPRINTING POLYMER ON CARBON
QUANTUM DOTS AS OPTICAL SENSOR FOR DETERMINATION OF
NAPROXEN

In this study, CQDs-SiO,@MIP fluorescence sensor was fabricated via sol-gel
polymerization using naproxen as the template molecule, carbon quantum dots
(CQDs) as the signal materials, 3-aminopropyltriethoxysilane (APTES) as the
functional monomer, and tetraethylorthosilicate (TEOS) as the cross-linker. The
specific recognition sites in the polymer layers could selectively adsorb naproxen
molecules, which caused fluorescence-quenching behavior of CQDs via an electron
transfer process. The CQDs-SiO,@MIP system can detect naproxen in aqueous
solution (pH 4.0; Acetate buffer 0.04M) sensitively (ppb level) with a response time
of 15 min. The results show that the fluorescence recovery has a good linear
relationship with Naproxen concentration in the range of 107 M to 1.5 X 107 M.
Method has very low limit of detection (LOD) of 5 X 10®M (11 ppb), limit of
quantitation (LOQ) of 1.5 x 10”M (34 ppb), high accuracy (recoveries > 96%) and
high precision (RSD < 3%). Method has high selectivity over various substances
such as K, Mg2+, Ca*’, Zn*", glucose, piroxicam, acid mefenamic,... The developed
method was successfully applied for determination of naproxen in pharmaceutical
samples. Good agreement between results of our method and LC-MS/MS method
suggest that fluorescence is a reliable and cost-effective method for naproxen
determination.

Keywords: Naproxen, fluorescence, carbon quantum dots, molecular imprinted
polymer, huynh quang, cham luong tir cacbon, polyme in dau phan tir.
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