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Nghién ctru sir dung dién cue in SPE xac dinh chét khang sinh Nitrofurantoin
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THONG TIN BAI BAO TOM TAT
Qua trinh x Iy: Nitrofurantoin (NFR) Ia khang sinh thuc nhom nitrofuran can duoc kiém
Ngay nhdn bai: 17/3/2026 soat chat ché do nguy co anh huong den sic khde con nguoi. Trong
Ngay nhan ban chinh siza: 06/4/2026 ~ Nghién ctru nay, dién cuc in (SPE) ket hop thiet bi dién hoa cam tay
Ngay nhdn dang: 09/4/2026 Metrohm Dropsens uStat400 duoc st dung dé khao sat dac tinh dién hda
Ngay xudt ban: 20/4/2026 va xay dung phuong phap xac dinh NFR. Bién cuc SPE dugc dac trung
bing ky thuat von-ampe vong va pho tré khang dién hoa, cho thay dién
Tirkhba: tich hoat dong dién hda (ESCA) dat 0,1005 + 0,0003 cm? va di¢n tr¢
SPE: truyén dién tich thdp Re = 15,02 Q, chung to kha ning truyén electron
Phan tich dién hoa: thuan loi. Tin hi¢u dong dinh cia NFR trén SPE trong dém Britton—
Nitrofurantoin. Robinson pH = 2 dat 36,55 + 0,79 A, cao gip 3,6 lan so vai dién cuc

GCE. Phuong phap von-ampe song vudng duoc thiét 1ap cho qua trinh
phan tich NFR vai hai khoang tuyén tinh 0 —4 pM va 4 — 40 uM; giGi han
phét hién va giéi han dinh luong cia NFR lan luot 12 0,23 pM va 0,79
uM. Phuong phap di duoc &p dung dé phan tich NFR trong 04 mau thudc
thuong mai, két qua phan tich ham luong NFR nam trong khoang 96,0 —
104,9 % so Véi gia tri cong b trén nhan.

1. PAT VAN BE

Nitrofurantoin (NFR) 12 mot chét khang sinh thuong duogc wu tién diéu tri cho cac loai nhiém tring théng
qua dudng udng, dac biét diéu tri cho tiét niéu. NFR con duoc dung 1am phu gia thtc n chin nuéi dé thic
day qua trinh tang truéng ctia dong vat (Jia et al., 2022). Tuy nhién, viéc str dung khang sinh qua mirc co the
dan dén du thira luong khang sinh trong co thé con ngudi va thuc pham, qua d6 gy ra nhiéu moi de doa vé
suc khoe con ngudi bao gom viéc khang thudc, tac dung phu v.v... Lién minh Chau Au d3 cdm hoan toan
nhém nitrofuran (bao gém Nitrofurantoin, nitrofurazone, furazolldone furaltadone) trén déng vat dung lam
thyc pham tir gitra nhitng niam 1990 do nguy co gdy ung thu va dot bién gen ddi voi con nguoi. Tir
28/11/2022, Lién minh Chau Au da &p dung ngudng kiém soat (Reference Point for Action-RPA) 0,5 ug/kg
dbi véi tong cac chét chuyén héa nitrofuran, theo Nguyén tic “zero tolerance” miu vuot ngudng bi coi 1a
khong dat va bi cAm luu hanh (O’Keeffe et al., 2021).

Hién nay c6 nhiéu phuong phap phan tich xac dinh NFR trong cac mau duoc pham va mau dich sinh hoc
tir co thé con nguoi, nhu phuong phap quang ph6 UV- Vis duya trén carbon chdm lugng tir pha tap nitrogen
(Zhao et al., 2023), phuong phap sac ky long pha dao hiéu nang cao (RP-HPLC) (Katakam et al., 2025), sac
ky long ghep ndi khdi phd (LC-MSMS) (Saluti et al., 2024). Mic di cac phuong phap nay c6 the phat hién
khang sinh véi d6 nhay cao nhung diém han ché la can thiét bi dat tién va k§ thut phurc tap. Do d6, viéc phat
trién mot phurong phap phan tich nhanh, don gian c6 thé phét hién va dinh luong NFR trong cac mau thubc
dwoc pham va méi truong 1a can thiét.

Phuong phap phan tich dién hoa dung dién cuc in (Screen-Printed Electrodes - SPE) la ky thuat phan tich
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nhanh, chi phi thap, cho phép do tai chd (point-of-care) nho hé théng 3 dién cuc tich hop sin trén nén gém
tro. SPE wng dung phd bién trong do von-ampe (voltammetry) dé phat hién kim loai nang, virus, va cac hop
chat sinh hoc véi 6 nhay cao. Trong nghién ctru ndy, ching toi sir dung may do dién héa cam tay Dropsens
HStat400 va dién cuc SPE Metrohm Dropsens 11L véi tinh di dong cao dé xac dinh NFR (hinh 1).

2. PHUONG PHAP NGHIEN CUU

2.1. Chudn b;i héa chat

Cac hoa chat can dung gom KCI 3 M (Metrohm 6.2308.020), Hé chuan Fe'/ Fe" 0,01 M duoc pha tir
mudi Potassium ferricyanide (Ks[Fe(CN)s], Xilong China), Potassium ferrocyanide (Ki[Fe(CN)s], Xilong
China). Dung dich dém Britton - Robinson (BR) 0,25 M duoc chuan bi tir HsPO4 0,25 M, CH3COOH 0,25
M, HsBOs 0,25 M, sau d6 duge diéu chinh dén pH tuong ting bang dung dich NaOH 0,1 M.

Chat chuan NFR (>98,0 %, 1-[(5-Nitrofurfurylidene) amino] hydantoin, CAS: 67-20-9, Sigma-Aldrich),
cac thudc vién nén chira thanh phan NFR duoc mua tai cac nha thudc bénh vién Trung wong Hué va dugc mé
hoa bang cach danh ky ty M1 dén M4,

Dung dich chuan NFR 0,01 M: can mét luong chat chuan NFR dé duoc tinh toan truc va pha trong dung moi
DMSO (Xiong, China). Dung dich chuin duoc bao quan trong ti lanh 0 - 5 °C, va dugc pha méi 3 ngay sir dung.

Dién cuc SPE Metrohm Dropsens 11L bao gém 3 dién cuc duoc in trén mot mat phang. Dién cuc so sanh
Ag/AgCI, dién cuc dbi va dién cuc lam viéc 1a Carbon, trong d6 dién tich hinh hoc cua dién cuc 1am viéc
theo nha san xuat 12 0,126 cm? (dya trén dudng kinh dién cuc carbon phang 1a d = 4 mm, hinh 1). Bién cuc
SPE duoc bao quan trong mdi truong kho va tranh anh sang chiéu tryc tiép trude khi sir dung do bé mat dién
cuc mong dé bong tréc.

Hinh 1. May do dién h6a Metrohm Dropsens uStat400 kém dién cuc in SPE 11L.

2.2. Phuwong phadp dac trung dién hoa

Phuong phéap von-ampe vong (Cyclic Voltammetry - CV) la mét ky thuat dién hoa manh mé dugc su
dung rong rdi d€ xac dinh ban chat dién hda ctia mét chat (chat phan tich) thong qua viée quét di¢n thé cua
dién cuc lam viéc theo dang tam giac (Ién va xuong) va do dong dién tuong tmg. Do thi CV thu duoc cung
cap cac thong tin chi tiét vé dac tinh oxy hoa-khir, @6 thuan nghich, toc @6 phan img va co ché phan ing.

bé xac dinh dién tich bé mat hoat dong dién hoa (ECSA — electroactive surface area), nguoi ta diing cac
hé chuan KsFe(CN)s/KsFe(CN)s, Ru(NHs)s**/Ru(NHs)s**, Hydroguinone/Benzoquinone, Dopamine/Ascorbic
acid... c6 dong hoc xac dinh rd va tuan theo phuong trinh Randles—Sev¢ik:

Ip = 2,69 x 10% x n3/2 x A x DV/?2 x ¢ x v/? (1)
Trong d6:  Ip: la tin hi¢u dién hoa trong hé chuan (UA),
n: sb electron trao d6i, ddi véi hé chuan (Fe'/ Fe'", n = 1),
A: dién tich bé mat hoat dong dién hoa (cm?),
D: hé s6 khuéch tan cua dung dich chudn (ddi vai hé Fe'/ Fe', D = 7,6x10°° cm?/s),
C: ham lugng mol/L cua hé khao sét,
v: the d6 quét thé (mV/s).
160



Ho Xudn Anh Vii va c¢éng su., Journal of Science and Education, Volume 66, Issue 2 (2026) 159-165

Song song viwéc xac dinh Qién tich hoat dong dién hoa cua dién cuc SPE, phd tré khang dién héa (EIS) 1a
mot théng so thé hién ban chat dac tinh dién hda cua dién cuc.
2.3. Phuwong phdp phdn tich dinh tinh va dinh luong

Phuong phép von-ampe vong (CV) con duoc st dung dé cung cap céc thong tin chi tiét vé dac tinh oxy
héa-khtr cia NFR qua d6 dé xac dinh chiéu quét thé dé dinh lugng NFR.

Phwong phap von-ampe séng vudng (SWV) duoc st dung dé dinh lugng NFR trong nghién cau nay.
2.4. Ap dung 1én mdu thyc té

Céac mau thude dugc mua trén thi truong duge dua vé phong thi nghiém va can 10 vién/vi dé tinh khoi
lwong trung binh 1 vién. Sau do, thuoc dugc bo mang bao phim va dugc nghién trén c6i ma néo.

Can mot luong thudc c6 khdi lwong bang trung binh 1 vién va pha trong dung méi DMSO dé xac dinh
ham luong NFR.
3. KET QUA VA THAO LUAN
3.1. Dac trung dién hoa cua dién cuc SPE

Dua trén cac duong von-ampe vong (hinh 2) trén hé chuan Fe'/ Fe' 10 mM tuan theo phuong trinh
Randles—Seveik (1), cho thdy Ip (MA) ti I¢ thuan véi Vv (V/s). Két qua trén hinh 2(a) va bang 1 cho thay khi
toc do quét tang tir 0,05 V/s dén 0,25 V/s, cuong do dong dinh oxy hoa tang dén va do 16n dong dinh khur
cling tang dan va ti 1€ lpa/ Ipc = 1,03 £ 0,01. Sy dich chyyén thé dinh Ep chp thay hé kh()ng hoan tpén thuan
nghich, ma ¢ anh huong cua qua trinh dong hoc chuyén electron va co thé ¢ sy khuech tan ¢ toc do quet
cao. Dign tich hoat dong dién hda cua dién cuc SPE la A = 0,1005 + 0,0003 cm?, két qua nay phl hop véi céc
cong bo trude day (Shokurov & Menon, 2023), (Long et al., 2024).
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Hinh 2. (a) Cac duong CV thé hién toc do quét khac nhau trong hé Fe'/ Fe'", (b) Phé tro khang dién hoa
Nyquist cua dién cuc SPE.
DKTN: quét CV (Fe'/ Fe"' 10 mM, KCI 0,1 M, khodng quét thé -0,6 ¥ dén 1,0 V),
EIS: (Fe'/ Fe'""10 mM, KCI 0,1 M, khodng quét tzr 10000 Hz dén 0,5 Hz, n frequency = 44).
Bang 1. Két qua gitra tbe do quét thé so véi thé dinh va cuong do dong dinh

v Vv Epra lpa Erc lpc lpallpc

(Vi) (Vis™) V) (uA) V) (uA)

0,05 0,224 0,290 £ 0,000 254,53 + 0,06 0,062 £0,000 -244,17£0,40 1,04
0,075 0,274 0,304 £ 0,000 296,00 £ 0,79 0,048 £ 0,000 -284,33+£0,75 1,04
0,10 0,316 0,314 +0,000 327,30+0,36 0,038+0,000 -314,70% 0,36 1,04
0,15 0,387 0,328 +0,000 374,63+085 0,019+£0,000 -362,87 0,85 1,03
0,20 0,447 0,343+0,000 412,83+0,57 0,004+£0,000 -399,90 0,46 1,03
0,25 0,500 0,357 £0,000 441,10+£0,30 -0,010+0,000 -429.37 £1,27 1,03

Apa = 0,1008 cr?

Apc = 0,1002 cm?

Epa; Epcthé dinh anode va cathode, Ipa; Ipctin hiéu dong dinh anode va cathode, n = 4.

‘D4 thi Nyquist cua SPE the hign mot nura hinh tron nho & viing tan sé cao dén trung binh kém mot duong
thang nghiéng ¢ vung tan s6 thap, cho thay qua trinh dién héa dugc chi phoi boi ca su truyen tai dién tich va
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khuéch tan. Mach twong duong duoc hiéu chinh cho két qua dién tro dung dich Rs = 143,7 Q, dién tro truyen
tai dién tich tuong dbi thap 1 Ryt = 15,02 Q, dién dung 16p kép la C = 20,46 PF xac nhan ring su truyén
electron tai bé mat SPE dién ra dé dang.

Bang 2. Két qua xac dinh cac théng s6 pho tro khang dién hoa

Thongso  Giatrinhé nhat  Giatri lén nhat  Gia tri xac dinh Pon vi Sai 0 (%)
Rs 107 10% 143,7 Q 0,4
Ret 107 101 15,02 Q 4.8
W 10° 108 157,1 o 1,9
C 107 102 20,46 UF 7,8

Tuy nhién, dit ligu thuc nghiém c6 xu huéng cho Z 16n hon duong Nyquist fit. Phan khuéch tan c6 hé s
W = 157,1 ¢ kha I6n phan anh qua trinh truyen khoi/ chuyén chat 1én beé mat dién cyc SPE co the do anh
huong bai bé mat dién cuc SPE khong dugc phang hoan toan.

Thé dinh oxy héa - khir khong thay doi (do léch chuan Sde = 0, bang 1) va d¢ léch chuan cua tin hiéu
cuong d6 dong dinh nho Sd; dao dong tir 0,06 den 1,72 pA, chung to dién cuc SPE ¢o6 do lap lai tot.

3.2. Xde dinh co ché chuyén chat cia NFR

Dé x4c dinh dic tinh dién héa cia NFR ciing nhu vu thé cua dién cuc SPE, ching t6i thuc hién quét von-
ampe vong (hinh 3).

_ Hinh 3(a) cho thay tin hi¢u dong dinh cia NFR 12 Ip = 36,55 + 0,79 pA ddi voi dién cuc SPE, cao gip 3,6
lan khi khao sat bang dién cyc GCE la Ip = 10,23 £ 0,54 pA. bicu nay ciing co the giai thich do dién tich bé
mit cua dién cuc SPE (d = 4 mm) la 0,126 cm? trong khi dién tich bé mit cua dién cuc GCE (d = 3 mm) la
0,071 cm?.

Hinh 3(b) thé hién cac duong CV ddi vsi cac pH khéc nhau, dinh peak NFR ¢6 xu huéng dich chuyén tir
phai sang tréi. Khi xay dyng moi twong quan cua Ep véi pH ta dugc phuong trinh sau:

Ep = —0,1448 — 0,0504 X pH (2)
Dua vao phuong trinh Nernst: E = b — 0,059 x B X pH (3)
Véi p sb proton trao ddi va n sb electron trao ddi, phuong trinh (2) va (3) suy ra == 1. Hay noi cach

khéc s proton bang s electron trao dbi, nghia co ché nay lién quan dén sy tham gla cua 4 electron va 4
proton, trong d6 nhém (-NO-) trén phan tir NFR bi khir thanh nhém hydroxylamine tuong tng (-NHOH)
(hinh 4).

Potential (V) Potential (V)

Hinh 3. (a) Cac duong CV cua dién cuc SPE va GCE dbi véi NFR trong dém BR tai pH = 2,
(b) Céac duong CV cuia NFR tai cac pH khac nhau cua dém BR.

PKTN: duwong CV quét thé tir OV dén -1V, Egee = 0V, tuee= 605, Crr = 50 uM, Cyr = 0,05 M, pH=2 dén pH=6)

_Tin higu dong dinh NFX tai pH = 2 la 16n nhét Ip = 36,55 + 0,79 HA, va c6 xu huéng giam dan tir pH =2
den pH = 6. Dieu nay c6 the giai thich trong dung dich tir trung tinh dén acid c6 nhicu proton ty do di chuyen
trong dung dich dién hoa (Koventhan et al., 2020). Nhu vay pH = 2 dugc lya chon cho c&c nghién cau tiép
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theo. Theo cac tac gia (Koventhan et al., 2020; Vetri Selvi et al., 2019), co ché chuyén electron va proton caa
NFR trén bé mat dién cuc duoc xac dinh nhu sau:

o
=T
/

Nitrofurantoin Hydroxyamin Nitrofurantoin

Hinh 4. Co ché chuyén electron va proton H* ciia NFR.

3.3. Xay dung dwong chudn xdc dinh NFR va &p dung phan tich 1én mdu that

Duong chuan xéc dinh NFR dugc xay dyng tir 0 uM dén 40 uM trong dém BR pH = 2. Két qua tir hinh 5
dugc xay dyng moi tuong quan tuyéen tinh gitta nong do NFR va tin hiéu dong dinh nhu sau:

Khoang 0 uM dén 4 uM: y = (0,943 + 0,050)x + (0,358 + 0,109); R? = 0,9981 (4)

Khoang 4 uM dén 40 uM: y = (0,502 + 0,144)x + (3,631 + 03,347); R? = 0,9911 (5)

Hg s6 tuong quan tuyén tinh manh trong khoang tir 0 uM dén 4 pM véi R? = 0,9981. Vi vay, duoc lya
chon dé xac dinh gid¢i han phat hién (LOD) va gidi han dinh lugng (LOQ) trong khoang xac dinh nay. LOD
duge xac dinh theo quy thc 36, LOD = 322 va LOQ = 3xLOD dén 4xLOD.

Trong do6 Syx: la do léch chuan cua tin hiéu tir phuong trinh hoi quy, b: hé s goc (slope) phuong trinh
duong chuan.,

Tir phuong trinh dudng chuén (4) x4c dinh dugc LOD = 0,23 pM, LOQ = 0,79 M.

.40 -
(b)
- - ,I
Z < P
10 - /y = (0,502 + 0,144)x + (3,631 + 3,347)
Phe R?=0,9911
,,?/ y = (0,943 + 0,050)x + (0,358 + 0,109)
| ;J R2=0,9981
-80 < T r . . 0 T T T T
-0.6 -04 -0.2 0.0 0 10 20 30 40
E (V) vs. Ag/AgCl CNFR (uM)

Hinh 5. (a) Cac dudng SWV xéc dinh NFR, (b) Buong hdi quy tuyén tinh caa NFR.
DKTN: SWV quét thé tr 0,1 ¥ dén -1V, Eace = 0 V, tace = 30'S, Estep = 0,005 V, Eamp = 0,08 V, Freg = 10 Hz ,
dém BR (Cer = 0,05 M, pH = 2)

Can mot luong mau thudc xac dinh, hoa tan va dinh mtc ¢én 100 mL bang dung dich DMSO. Dung dich
thudc sau khi hoa tan dugc loc qua mang loc sgi thuy tinh (47 mm, ¢& 15 0,45 pm) dé loai bo chat huyén phu.
Sau d6 lay 15 uL dich loc dwa vao binh dién phan (V = 10 mL) dé xac dinh nong d¢ bang phuong phép
SWV. Két qua phan tich 04 mau thudc chira thanh phan NFR dugc trinh bay tai bang 3.
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Bang 3. Két qua phan tich mot sé mau thudc chira NFR trén thi trudng

Ceell” Quy vé ham lwong  Gia tri ghi trén

Mau (M) vien (mg) nhan (mg) ttinh Thang
M1 1,52 + 0,04 96+21 100 3,30

M2 1,63 + 0,05 103+2,3 100 2,26 4303
M3 0,83 £0,02 52,4+ 1,6 50 2,60 ’
M4 0,81 £0,01 512+14 50 1,48

*Xdc dinh theo phirong phip SWN, tog, =1\ xrs gia trj trung binh quy vé ham heong vién (mg)
tinh bang phwong phap SWV, Sd: dg léch chudn tinh bang phwong phdap SWV, u: chdp nhdn gia tri ghi trén
nhan la gié trj dung, n: so thi nghiém lap lai (n = 3).

Dua vao bing 3 cho thdy, cc mau M1 dén M4 ¢6 tinn < thing nghia 1a céc gia tri phan tich bing phuong
phap SWYV co y nghia thong ké.

Ham luong NFR tim thdy trong cac mAu thudc twong tng véi 96,0 % dén 104,9 % so vai nhan, va céc két
qua nay nam trong khoang cho phép theo hudng dan Dugc dién Viét Nam, tap 1 xuat ban lan the 5 cua B Y
t& (Bo Y té, 2017).

4. KET LUAN

Nghién ctru di chirng minh dién cuc in SPE ¢6 kha ning @ng dung tdt trong x4c dinh NFR. Két qua dic
trung dién cuc bang CV va EIS cho thdy SPE c6 dién tich hoat dong dién héa A = 0,1005 + 0,0003 cm? va
kha nang truyén electron thuan loi véi Re thap (15,02 Q). So véi dién cuc GCE, SPE cho tin hiéu dong dinh
ctia NFR cao hon 3,6 1an, cho thiy wu thé rd rét vé do nhay. Khao sat anh huong pH cho thay tin hiéu NFR
dat cyc dai & pH = 2; dong thoi méi quan hé giira thé dinh va pH giai thich co ché dién hda cia NFR. Trén
co s& do, phuong phap SWV di duoc thiét 1ap véi hai khoang tuyen tinh 0 — 4 uM va 4 — 40 pM, véi gia tri
LOD 0,23 uM va LOQ 0,79 puM. Khi &p dung cho cac mau thube thuong mai, ham lugng NFR xac dinh
dugc nam trong khoang 96,0 — 104,9 % so vé6i nhan va pha hop véi yéu cau chip nhan cua Dugc dién Viét
Nam. Nhu v@y, phuong phép st dung SPE 1a huong tlep can don gian, nhanh, c¢6 d6 nhay tét va chi phi thap,
phu hop cho viéc phan tich NFR trong mau dwgc pham.

TAI LIEU THAM KHAO
Bo Y té. (2017). Duegc dién Viét Nam V (Tap 1). Nha xuat ban Y hoc.
Jia, J., Zhang, H., Qu, J., Wang, Y., & Xu, N. (2022). Immunosensor of nitrofuran antibiotics and their metabolites in

animal-derived foods: A review. Frontiers in Chemistry, 10, Acrticle 813666.
https://doi.org/10.3389/fchem.2022.813666

Katakam, P., Wadgeri, M. J., Tripuramallu, B. K., & Chollety, V. K. (2025). Box—Behnken design—based development
and validation of RP-HPLC method for determination of related substances in nitrofurantoin formulations.
Biomedical Chromatography, 39(12), e70247. https://doi.org/10.1002/bmc.70247

Koventhan, C., Vinothkumar, V., Chen, S. M., & Sangili, A. (2020). Highly sensitive electrode materials for the
voltammetric determination of nitrofurantoin based on zinc cobaltate nanosheets. New Journal of Chemistry, 44(28),
12036-12047. https://doi.org/10.1039/DONJ01796E

Long, H. T., Ngoc, P. T., Vu, H. X. A., & Chau, N. D. G. (2024). Fabrication and evaluation of some electrochemical
properties of screen-printed electrodes for use in electrochemical analysis. Hue University Journal of Science:
Natural Science, 133(1B), 99-108. https://doi.org/10.26459/hueunijns.v133ilb.7313

O'Keeffe, M., Christodoulidou, A., & Nebbia, C. (2021). Presence of nitrofurans and their metabolites in gelatine. EFSA
Journal, 19(10), e06881. https://doi.org/10.2903/j.efsa.2021.6881

Saluti, G., Ricci, M., Castellani, F., Rosato, R., Colagrande, M. N., Manucci, A., & Scortichini, G. (2024).
Determination of nitrofuran metabolites in muscle by LC-MS/MS and LC-MS/MS/MS: Alternative validation
according to Commission Implementing Regulation (EU) 2021/808. Microchemical Journal, 199, 110197.
https://doi.org/10.1016/j.microc.2024.110197

Shokurov, A. V., & Menon, C. (2023). Laser-induced graphene electrodes for electrochemistry education and research.
Journal of Chemical Education, 100(6), 2411-2417. https://doi.org/10.1021/acs.jchemed.2c01237

Vetri Selvi, S., Rajakumaran, R., Chen, S. M., Rady, A. M., Veerasankar, S., Chen, T. W., Rwei, S. P., & Lou, B. S.
(2019). Graphene/tungsten trioxide (Gr/WOs) composite modified screen-printed carbon electrode for the sensitive
electrochemical detection of nitrofurantoin in biological samples. International Journal of Electrochemical Science,
14(7), 6454-6467. https://doi.org/10.20964/2019.07.67

164


https://doi.org/10.3389/fchem.2022.813666
https://doi.org/10.1002/bmc.70247
https://doi.org/10.1039/D0NJ01796E
https://doi.org/10.26459/hueunijns.v133i1b.7313
https://doi.org/10.2903/j.efsa.2021.6881
https://doi.org/10.1016/j.microc.2024.110197
https://doi.org/10.1021/acs.jchemed.2c01237
https://doi.org/10.20964/2019.07.67

Ho Xudn Anh Vii va céng su.,

Journal of Science and Education, Volume 66, Issue 2 (2026) 159-165

Zhao, X., Chen, S., Fan, Y., Lei, X,, Li, Y., Ji, T., Xia, H., & Wang, L. (2023). Rapid quantitative detection for
nitrofurantoin based on nitrogen-doped highly photoluminescent carbon dots. ACS Omega. Advance online
publication. https://doi.org/10.1021/acsomega.3c09620

Electrochemical determination of Nitrofurantoin using Screen-Printed

Electrodes (SPE)

Nguyen Dang Giang Chau', Hoang Thai Long!, Nguyen Hai Phong!, Ha Thuy Trang?,
Le Thanh Tam?, Ho Xuan Anh Vu'

'Faculty of Chemistry, University of Sciencies, Hue University

2Faculty of Chemistry, University of Education, Hue University

30ffice of Planning - Finance and Facilities, University of Sciencies, Hue University

ARTICLE INFO

ABSTRACT

Article history:

Received: 17 March 2026

Received in revised form: 06 April 2026
Accepted: 09 April 2026

Published: 20 April 2026

Keywords:

SPE;
Electrochemical;
Nitrofurantoin.

Corresponding author:
Ho Xuan Anh Vu

E-mail address:
hxanhvu@hueuni.edu.vn

Nitrofurantoin  (NFR), a nitrofuran antibiotic, requires strict
monitoring because of its potential health risks. In this study, a
screen-printed electrode (SPE) coupled with a portable Metrohm
Dropsens uStat400 device was used to investigate the
electrochemical behavior of NFR and to develop a rapid method for
its determination. The SPE was characterized by cyclic voltammetry
and electrochemical impedance spectroscopy, showing an
electroactive surface area (ESCA) of 0,1005 = 0,0003 cm? and a low
charge-transfer resistance (R«) of 15,02 Q, indicating favorable
electron transfer at the electrode surface. The peak current of NFR at
the SPE in Britton—Robinson buffer (pH = 2) was 36,55 + 0,79 pA,
and 3,6 times higher than that at a glassy carbon electrode. A square-
wave voltammetric method was established with two linear ranges of
0—4 uM and 4 — 40 puM. The limit of detection (LOD) and limit of
quantification (LOQ) were 0,23 uM and 0,79 UM, respectively. The
method was successfully applied to commercial pharmaceutical
samples, yielding 96,0 — 104,9 % of the labeled content.

165


https://doi.org/10.1021/acsomega.3c09620

