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Application and research progress of fluorescent probes in detection of sulfur
dioxide residues in traditional Chinese medicinal materials
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Abstract: The safety of traditional Chinese medicines (TCMs) is of paramount importance. Sulfur fumigation, a traditional processing
and preservation technique for TCMs, serves to prevent mold during storage and improve product appearance. However, excessive sulfur
fumigation leads to sulfur dioxide (SO2) residues in the herbs, posing potential health risks. Currently, the SO2 residue detection methods
suffer from limitations including long analysis time, high cost, and operational complexity, making them inadequate for meeting the market
demand for rapid testing. Fluorescent probe technology, with its advantages of high sensitivity, portability, simple preparation, and rapid
response, has been widely applied in pharmaceutical development, biotechnology, and food safety. In recent years, the use of highly
selective and sensitive fluorescent probes for the quantitative or semi-quantitative detection of SO residues in TCMs has emerged as a
significant research focus. This review systematically summarizes fluorescent probes developed in recent years for detecting SO: residues
in TCMs, categorizing them based on their recognition mechanisms or structural features. It focuses on application progress of these probes
in practical detection scenarios, analyzes the current technical challenges, and discusses future development directions. This review aims
to provide theoretical foundations and technical references for enhancing the medicinal safety and quality control of TCMs.
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Fig.1 Schematic diagram of fluorescent probe detection principle
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Table 1 Fluorescent probes for detection of SO3>/HSO;" in traditional Chinese medicines

hex(nm)/ LRAETER

BE T AW AL M 87 = . TR izl SCHR
Aem(nm) (umol-L™)
HEE 1 XDST ICT Ratiometric — 0~2000 — Wz, R B BE. 34
HiE. BAR. BR
2 — ICT Ratiometric 400/505, 580 0~200 042 umol-L™'  1hZ4, KWk HIE. %5 35
3 CPA  FRET &M Ratiometric 405/631, 482 0~500 86 nmol-L"! A, FE LA RE 36
4 PTI 1A 58RI Ratiometric 400/482, 500/663 — 62 nmol-L™! W, MRS, B, HE, 37
e, & HA
5 CQI FRET {3 Ratiometric 405/601, 523 0~250 315 umol 'L HRE 38
6 DTCC ICT Turn-on  385/475 0~100 023 pmol-L™"  1hZ4. HIH. i 39
FIH 7 EB ICT Ratiometric 485/570, 380/473 0~60 28 nmol-L™! Eapia 40
8§ — ICT Ratiometric 410/473,495/595 0.63~20 033 umol-L™'  #E. A, iz, K. 41-42
HAR. FH. RA%
9 InB ICT Ratiometric 495/556, 323/474 15~45 4.13nmol' L™ 1%, KK 43
10 CNNP 35K 0L Turn-on  390/470 0~40 16.64 nmol-L™'  F . i 44
11 N-3-1 SR Turn-on  414/488 — 454nmol L HIE. HE. S 45
B 12 Cl SRR Turn-on  510/588 0.005~20 2.0nmol'L™"  &MRIL. ML, HEKE 46
13 NIR-RS ZEHANA, ICT  Ratiometric 480/582,702 0~200 50 nmol-L™! *tE 47
14 RPB-R W/RMAEL, ICT Turn-on  555/620 0.755~500 0.755umol-L™" FHA. ET 48
15 — EGINMR-ERE Turn-on  495/516 5~75 L5umol. L™t Hifd 49
16 RQB-RP #F/RMAL, ICT Turn-on  570/635 0~12 120.66 nmol-L™' F&. %1 50
WEE 17 QSB-M  HF/RANAK, ICT Turn-on  605/680 0~100 95.12nmol' L™ ET. HA 51
18 MDQ WM, ICT Turn-on  580/670 0~6 416nmol L™ AR, AM. AR, KB, 52
e, R Lg%
19 QTE T8 58RI Ratiometric 365/420, 565 0.1~20 12.6 nmol-L™"  #iid 53
20 — BRI, ICT Turn-off  550/690 3.13~200 046 pumol'L™! % 54
21 FMQ  HF/RMA, ICT Turn-on  675/760 0~15 4498 nmol L' T 55
22 QT-C ML, ICT  Tum-on  625/680 1~10 13.05nmol-L™"  HE 56
=M 23 ZRIL BRI Turn-on  338/444 0~90 0.10 umol' L' HE 57
24 TBSF  ZBENEBAF  Turm-on  445/540 0~100 0.07 umol-L™"  WiUEE, R, FHAS. %1k 58
FIEN: 25 B3 EMMM, ICT  Tum-on  436/602 0~260 0.16 pmol- L™ Hifc 59
FIFMER 26 MCC-BT ER/RMIAL, PET Tum-off  490/620 0~100 20pmol L7 HE, #fD, K% 60
27 MCC-TI JE3/RMIAL, PET Turn-off  500/630 0~30 0.42 umol- L™ TG, #ifd. ;K% 60
28 MCCDM R/RIK, PET Turn-off  528/670 0~15 034 umol-L™" i, fifd. A% 60
HE I 29 KQ-SO» /RN Ratiometric 375/475, 600 0~40 10.28 nmol-L™" it 61
BT 30 NPXH  WFU/RMIAL FRET Ratiometric 800/535, 630 0~1.0 748 nmol-L™'  HiiT 62
Tk M g 31 IPOMe- CBERERMARY'  Turn-on  355/490 0~200 17 nmol-L™! AR, HHS. Wi % 63
Mk uE SF . BAR. X%

=7 REEEECREG

T

not mentioned or given.
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Fig. 2 Schematic diagram of coumarin-based fluorescent probes and their detection principles
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Fig.3 Schematic diagram of benzo|e]indole-based fluorescent probes and their detection principles
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Fig. 4 Schematic diagram of other hemicyanine-based

fluorescent probes and their detection principles
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Fig.5 Schematic diagram of rhodamine-based fluorescent

probes and their detection principles
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Fig. 6 Schematic diagram of quinoline-based fluorescent

probes and their detection principles
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Fig. 7 Schematic diagram of triphenylamine-based fluorescent probes and their detection principles
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Fig. 8 Schematic diagram of benzothiazole-based fluorescent probes and their detection principles
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Fig. 9 Schematic diagram of benzopyran-based

fluorescent probes and their detection principles
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Fig. 10 Schematic diagram of carbazole-based fluorescent

probes and their detection principles
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Fig. 11 Schematic diagram of naphthalimide-based fluorescent probes and their detection principles
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probes and their detection principles
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