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Abstract

5-fluorouracil has been widely used in the treatment of gastrointestinal cancer and other solid
CERAER .
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tumors since its synthesis. Although it has obtained good curative effect, its toxic and side effects
have attracted more and more attention of researchers. In order to further study the difference of
the drug in the population during the treatment process, as well as the impact of environmental
pollution and occupational exposure, we summarized the detection methods of 5-fluorouracil in
recent years, and found that electrochemical detection has stood out among many methods by
virtue of its low detection limit, good reproducibility, simple pretreatment, simple experimental
operation and other advantages, especially the application of new materials in modified elec-
trodes, which further improved the detection effect.
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1. 5|

54 R M IE (5-fluorouracil, 5-FU) T 1957 4E4% C. Heidelberger 25 N X & k[1]. Z¥7Ed N AN
S5-9-2'- i S PR, 0 B A RS, L L AR TR R AL 9 I AR R R, B ] DNA A RR[2].
AN, HEEALH S-RUREE TS, ATRABHB A RNA t, FHi% RNA R 1) [3]. 5-FU #%)12 B
AT HEER e E . B8, BB EiErasT, AR, SRS IR P R
(R CR [4]-[91 0 PA AT M REIR T B BE 17, 5-FU SE 4 8 FH -F- B LE IR IZ 35 10 2 R AT e BRUERR F R [10]
[11]. #k4b, B-FU BB HIRRALE , FT R /a7 [12]. 4800, 5-FU PR 8t SRR IT & |
SR G R I T A SR R IR 95 YR i R BRI B B BRI T 5-FU IR JE . R, S AT Tn ek
ARSI, AN A € BT SR ) 1

(a) (b) OH (c) OH
S Hg, §
AN 00T oo
0 NH 0 o HN/J§§O 0 HN/J§§O

Figure 1. Chemically structural formula of 5-fluorouracil (a), Floxuridine (b), 5-Fluorouridine (c)
[E 1. 5-FKIBEIE (), 5-F-2-FiERE (b), 5-FMIRIEEZH (CRILF LN

2. AftaEmR 5-FU
2.1. 5-FU By 5 B4

5-FU PRt — 3 SRIEA ¢, 6 FLHET 775 0 RE 0 TR s b B K A2 . B-FU R LI
BEVEAG LI JEYS . R A[13]. N. E. Kemeny & \%iiE 5-FU HihiGAYT 45 B T 467, 13 e
5-FU #id 2000 mg/m? i, 27 A 1) &R 4 2 1 (Dose-limiting toxicity, DLT), As&.CoAETE[14] [15].
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R. Whittington &5 A\ S K HvE 5-FU BEG T80T V67 = BRPE R , 75t 5-FU 15Kt 52 71 & (Maximum
tolerated dose, MTD)Jy 250 mg/m%/d, DLT & kiR 4 [16] [17]. 5-FU 277 L B itk &R0  BE10H]
A S EON R AR TT AR, T A A AT S e RSO T IR, B SR AN T AR ] A H I
[18]. O.Leon & AFEIGTT A HBHE WAL I 198 SR A0t FE ep, M52 T 5-FU [ MTD, 4 800 mg/m?, DLT &
e PR 200 R AL /NS DR RE DA SO B 4 [19] [20]. 5-FU x5l REME,  id Bt IR B ik if 5 250
PO B A [21]. M. de. Forni 58 A% 367 44422 & 84 5-FU BB 3T TR A, 7R EiEd
800 mg/m?/d I 8 LI HY B P O I FE P [22] . 5-FU B2 A i 20k, B W RN, I3tk
W IRERFEE. 4 5 MW K ES[23]. S. Cascinu 25 A\ H 5-FU FVE 24 &R T I B 9, 43 5-FU
f) MTD 4 500 mg/m?, DLT JHIZEE[24].

2.2. 5-FU HI# M 53677

5-FU VAT B %, #h4E T i (area under curve, AUC)VEE v 20~30 mg*h/L, [ Ht4ERE 5-FU ()t
TRIT R BE AR 7 B R LI e A B 250K BE[25] - R. Deng 55 AN H My5-FUTM Kit il & 5-FU
MEGRBE, K IH5Z LA AUC il 25 WA 3 71 AT T (1 8 35 5 #5252 MR TH # (body surface area, BSA)
5] SALIT B AR LG, ZEVR T B N B 43 B AN 24.52%38 I E] 89.71%, k79T R 79.22%48 = £ 90.79%,
FEIEH M 51.95%7% /> F] 31.58% [26].

2.3.5-FU B MEMERUTER

WA AW e PR EERIPE . =7 RN [R) 7 VR T2 F T REIR 9T o 5-FU B SR RN 23 %
—HB o BT 4 7 5-FU THBR IO PR B . — S5 g i S (dihydropyrimidine dehydrogenase, DPD)¥if M (1) £
TR [27]. DPD JESIET- R IR 2| WE{E, DPD V&ZNAE N FLemH il B A . KIS ST 1]
B, 45 5-FU /K MG EMRA AR N 2.3 £5[28]. SR, BT VEAS RS N H T3 B3 G yT
5-FU 125943 31 71 % (Pharmacokinetics, PK)) £ 3L AE 4 14 50 /) ZFAHAE 3 BUE 2 18] A A4 22 5
MRIEAATH PK S HUE K 5 AN [F L 2H 5 73 0l i S 25 2 B A AR, RIS TR) 7 Rk A T ek, T RE 2
SEPRLE 245 BIRS UEAL AN AN AL [29] (HIXASBERNS B 11 5-FU S #EtE P24k, DPD WISk = 2 S8t & /) 5-FU
ERNER, ARG RERE[30]. XTT DPD 6= FEUWHIRMENE MAE, UG a 8= B A 5-FU
BI{E 2 16 ng/mL, TiA T 58 4 Z 1, I RI{E > 150 ng/mL [31]. C. Marin JF& T —FhifliAH itk
- 8ANUPLC-UV)J7i%, EREWS X 4> DPD 4EGkEE &35 (R 5-FU /KF < 16 ng/mL) 543 7™ 5 25 P XU 1 fik
Fe 535 (RP 5-FU > 16 ng/mL). DPD &t = &3 7 2298/> 5-FU 7| & [32]. h4h, 5-FU AR IRETRS 22
BOTFEA K VR TEARH) 5-FU iE R . DR BTE D . B DI Re 4 482 16 n 5-FU AHCEE PR
JAK[25]. CAREFRERM, UUABTE & —Ff S RS Z PR R, 2 T8 K = (Lean Body Mass, LBM)ii A
& BSA LT A B2 —MIRA A& r by 50 Fe 7 se R . ot AR A7 i = IKHT 74 [33] .

2.4. 5-FU B9 SIS S FER I SR 38

UEAh, 5-FU AEAEIE 8 AR AR AN 25 M B PSS B AT sUR R B v, B AE AR T th
SO PRGBSI AL B o DR B RK A iE B S R HE IR A P i) 5-FU FEK BRI falFas,
HSEIE A B B O o R R 2R 1, X MBE AR (] 2) [34]. FRBLERK T IA 40T &
PRSI, e 20 1L S BE T N e R S8 AR I i 1 25 I AL e, R RE i T B e o
—PUBE 25k S AE[35] . D. Hilliquin 2 AR - TR AU € - 3335k - BT 5-FU 3EAT
e, RIZGMAIANE. 185 THRAE I A A2 (K XA A2 21 7558, DRI BAE Y B 1 IR T Xt
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RE I EL R HR R RF 10 TS5 T O AR PRI A 20 R b 977 97 2 2 SRl D5 4 [36]0 B B i
B oK P] LI E IRNAN RE SR i AN S B[ 5-FU T 0 ARG A - M. Karedal 55 N 257 1 — APl
FAERE B O B, 1% VAR E SRy 0.04 £ 2.4 ng, A LA @ S AS UG 5-Fu 7 P IR E FH B iR 25
PR TS G, I8 R] LAPPAG AN RIS VR K15 ROR[37]

Acute toxicity

@ RQtoxicityszC/PNEC<1
no adverse effect

Figure 2. Genotoxicity toxicity of 5-fluorouracil in aquatic life [34]

B 2. 5-FRIBIEFE K £ £ M P ROIEAE F1E[34]

3. 5-FU B9#&M 75 3%

BRI, BTSRRI AR . WA IIZA 25 5 AL AR I rh LI 25 M IR B, AR R U 250 3a T 1550
BB RIE . RIUSIEIENUE]. ST 7 AR R 555 e SOV R B I M0a %, % 1
B T 2018 4F LAkt ARt 5-FU K7 3R R 5 -

Table 1. Detection method of 5-FU in human body fluids since 2018
= 1. 2018 FF LUk AR IR 5-FU B4R 75 3%

) Genotoxicity
RQ =PEC/PNEC>1

genotoxicity

possible risk?

o A LRV AR . 5%
F5 iR/ WaRER (ngmL)  (ng/mL) e JABR ik
e e N o AL
1 e RSO AR o i 900~60,000 100 &, A, NS I [38] [39]
2 WA - Bk 4~1000 4 PG, TACERR R FRRRR R E [40]
3 MR AR L - A& 100~10,000 2 PR, EHA 2R GISHERER  [41] [42]
4 EME KL 1~1000 0.11~0.14 R, m#E=E TE 4% [43]
o S T £ 7S A N REL wOEFE. R
5 HEOEb 2 BURIIG 4% EHTiE 0.0001~100  0.0044 R 2 MR B [44]
6 Tk 10?~10° 64.5 R TR AR [45]

T 1~5 AR MR 5-FU, 6 Rl A BRI 1 5-FU. 6 £ BBl AG: i R #4709 nM.

N T ERIR LGP R IR SR R A A, 8 RS I iR R LA R A st R A2 2k
V. 5-FU MU E 29I B AT FEAE K R 2 LA, BESRAG I T v 8 e % [ I 5 00 1 LA 24
Yot HARBR RN 250 AR IUIRIREm . JEAh, B RZE R BIAG I R I TRV QAR . o2 T P ORI A ) v
o AR N A B8R BAR B R AMERA . R, (HE R ERR AT (8] . B2 pmTik
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HARF . T2 BRARNEIVERRG RIS LT, BT EARRE RN, R,
W LAR S AT TRV NS TE R R AR T AL By 2 DL R 38 1 B A R TR B e e AN
PEREDL AL

4.5-FU BB LR 75 %

HIF 5T AT T3 I 502 A RS FEL AR RS T AR A R R o X 5-FU R EfE, 4 2 EE T 2017 LK
5-FU A HLAL 2446

Table 2. Electrochemical detection of 5-FU since 2017
2 2. 2017 £ LUK 5-FU HOER AL 2465

55 1o B FLB &1 L PEVE R (UM) o H R (nM) pH 25 ik
1 PGE AgNPS@PANINTS 1.0~300.0 60 8.0 [46]
2 GCE 4-SMyS4/MoS, 0.10~1166 15 70 [47]
3 GCE AUNPS@CS-PMAA 0.1-497 30 70 [46]
4 GCE PNIPAM-PEDOT Py o 70 [49]
5 GCE N-CQD@Fe,0//MWCNT 0.5-120 19 70 [50]
6 GCE CuNPS/MWCNT/IL/Chit 1~550 150 9.0 [51]
7 GCE Pd-AUMWCNT-rGO 0.05~75 9.4 9.0 [52]
8 GCE GQDs-PANI/ZNO-NCs 0.10~50.0 23 10.0 [53]
9 CPE (Pr-ENNPs 0.01~50 0.98 70 [54]
10 CPE GQD/BPBr 0.001~400 05 70 [55]
11 SPC GOS/MWCNTS gf’fz"(‘)% 16 7.0 [56]

7 1~8 JyZ 4y kR 223 (Differential Pulse Voltammetry, DPV), 9~11 Jy77 %Ak 2215 (Square wave voltammetry, SWV).
4 LR AR HE R rh oA T X 1) 0.03~182 (40°C) 0.6~185 (25°C), 15 (40°C) 370 (25°C). 11 U FE pH (214 6.0 I
PG T RKHIEE R, EhTEREREREER PR, AR L FRERERN pHE 7 pik N EE.

2017 FLLR, KEll 5-FU 5 FH 1 AL S0 72 757009 DPV AL SWV, A 25 145 K 2 307E M 4%
Al KRR ZHAE oM B, R R 2 BN B R L% (Glassy carbon electrode, GCE) Ak Hi i
(Carbon paste electrode, CPE), il pH 7£ 7.0~10.0 2 [a]. ¥l yikn EA RIFFIEE M. etk Bk
RAHLPU YR b 2 P2 TP PERE . T RERETE A WRE b 5 Bt — 25 BRI

LA 22 A I () DL 33 AE T Re 8 JE I B T AR R USRI PERE . 4 4RSS R YK KT (AUNPs, AgNPs)
HAEmSHEEMARER, HEZRE, FEREGYG BT B RARFLPANINTS)FIE F R
FR(PMAA) S5 H A ke e 1k, AT INER Fi T o 28, 390 i Al RGER T AR [46] [48]. FALERGK Bk
(Fe,03 NPs) 5 &35 2k & 7 #i(N-CQD) 4k, 385 1 %F 5-FU S H 45 M AR AT JRBR (UA) FIT B RS (XA) [ L
AL PERE, (EENTRERS RN & &2 0 Hr (1] 3) [50]. 2 BERRGIKE (MWCNT) B e BHN, ] DL At
BHEAb AR e . SRR L R AR It vl 1 #2422 [50] [51] [52] [56]. RF/h. K#E %1 GQD &
MR TR, BT DA PR AE A 2R L R R T L T PR T AR RS S R [53] [55]. MRk, B
FRR AR Z SR IR, an5E 28 BE (Chitosan, CS). & F¥ A& (lonic liquid, IL)s BOZA B EA, W
CuNPs (1H#: T AuNPs. AgNPs); &M iZA B EENE, % b8 (Zn0) [51] [53].
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B A1) 2 FE VA R FEAL 22 A T 1 R R 3R T Al R . BRALEH (MoSo) AH 4R 5 2 2 ] T A4 N 81
AR IEAL 2D BEARAEL, W& @S Y. SR BRI B T SR DA R R SEBLE R . X K
JZ TRV K FFD 7 0 425 060 7 R RS (1 | T AN BRAL 2 T [47] . B0 3R T R AL B9k 85 0 B A R
MR, S EEERREE(PrENB N\ CPE B4, RS m AR I3 B [54] . SR (N- S A ik TR A4 Tk e )
PNIPAM [#VEAT AT LLBAD B 40, Sl e85k, % (3,4-4 A Ky 1) (PEDOT)H T
W55 PNIPAM HLAL K RE . PNIPAM-PEDOT 3 FL AU I IR 5 X H T 5230 5-FU [ #TT S H2fi], Xof ils
JEE v FERUR B 58 A T I . TR T R SR TT G M AL AR B R Dy T B SRS W ) R AR I T — AN BT R
[49]. H Pd-Au/MWCNT-rGO 1&4fi i), —REk(FO/E NS LHL, XUES Bk 2= bRk n] DL B
FE IR T3, R 7 00 5 PR e A0 B, X P B T Sk 5-FU I HLAL ZE A Tl it T

BT M1 [52] -
0.4 g FeCl,"6H,0 1.4 g CH,COONa
@
8h G
h »» 1:41@P 3
mL N- D> 200°C
7.5 mL N-CQD Ei} -
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Figure 3. Schematic representation for the synthesis of ternary nanocomposite material, electrode fabrication process, and
the simultaneous electrochemical detection of 5-FU, uric acid, and xanthine [50]

3. ZUMAKREAMBINER. BRGEIET ZFEFBAFRN 5-FU. FREZFEIZIS B /REE[50]

5 RE

-G R E fe — A EL N HURE 25D, (HRIEWE CAm KT = RBUY . S0z 25y 252 2t
FOMYREATI, X7 B AR B B B ML bR as Lo ARZERR I E AR S, HIH R
ROR AT CABE A FARAA R A WO ST AN BT S8 . 4Rk, 9KRL T B A ZEERRISKAE NG SRIE N
RAL SRR BR At TS 2 W] Bk B A TR R SR TR SR AR A s R, T DATIUT I 2 5 4 F A U

HOR
B W

J&UH www.chemicalbook.com i fit ) 45 44 AR LA B H 1 o AR M R B R 2 A0 2 SEBG T & SR At AR S
W2k A S
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