5 46 % 45 3 01 BT i 7 Vol. 46 No.3
2025 4F 5 H Journal of Chinese Mass Spectrometry Society May 2025

EF UPLC-Q-TOF MS $iR % & UNIFI 34 1RiE
TmERARIEXRMATEIIGLEY

/}Z‘ 8, E—ﬁ’/ F,z; #, £ E, L&

Jlléﬁuu*’i K% ﬁ)'l HIEH 550081)

T8« AW R S OB - AR AT AT E] B33 (UPLC-Q-TOF MS)#% AR 454 UNIFI ¥4, sz 17 —Ff
PR L RS DU R 25 P AR RS IR T D) BE AL A 0 T o AR R 2450 28 (1 S TR SR A 1A O ik, il
JH1 ACQUITY UPLC HSS T3 {4,435 (2.1 mmx=100 mm, 1.8 pm), LA Z.Ji5-0.1% T RV 1 A i sh AR SEAT 0 B Ve 5 78
P IR 25 B U5 IE B R, AR MST R OR AR B o T8 T UNIFT 50 {: 7 48 1o i A 048 PR, 1 S5 B
SANTE/11312/2021 $8 F B E i A 4514, SCEURHIN 2558 1 F Sh b iiidr . S5 % M, AR T7EBEISZE 12 min PIPLs
7 31 Fh AR A, K tHBR R 0.25~15.00 mg/kg(TX mg/L) . FEXT 20 ALV AN B BH2E b 24 1 5 A AG I v & 28,
7 SR SRR IR AN, Herp 4 HEUCORE S G AR ARSI 7 Ik AN o 20 LA DR L o . 2 R
JTEATRIEY AL, AT g i g AR i i MR R AR SR

KR BB RBORAH G- DU AT €A THT ] BT (UPLC-Q-TOF MS); UNIFL 344 " 2h; AE i asim; 187 Tl s ik
G s P A

FE S 0657.63 XEkFRAEE: A X E K2 1004-2997(2025)03-0370-10
DOI: 10.7538/zpxb.2024.0134 CSTR: 32365.14.2pxb.2024.0134

Rapid Screening of Illegal Addition of Compounds Regulating Sexual
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Abstract: In recent years, the illegal addition of male sexual function-regulating compounds in
traditional Chinese medicine (TCM) has attracted widespread attention. These illegally added
compounds may have specific pharmacological and toxic side effects, which can endanger lives when
taken with other related therapeutic drugs. In 2009, National Medical Products Administration of
China established a standard detection method for illegal sexual function-regulating compounds in
TCM. However, this method has limits of long detection time, low qualitative accuracy, and narrow
detection range, making it inadequate for regulatory requirements. In this study, a method of ultra-
high performance liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-Q-
TOF MS) combined with UNIFI software was developed for detecting illegally added compounds

used to treat premature ejaculation (PE) and erectile dysfunction (ED) in TCM. Sample preparation
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methods were selected according to different TCM formulations. Chromatographic separation was
performed on an ACQUITY UPLC HSS T3 column (2.1 mmx100 mm, 1.8 pm). The mobile phase

consisted of acetonitrile-0.1% formic acid solution with gradient elution at a column temperature of

30 °C. Data acquisition was conducted in MS" mode under positive electrospray ionization with a

mass scan range of m/z 50-1 200. A targeted screening database for illegal additives was constructed

in UNIFI software based on chromatographic retention time, precise mass of parent ions and fragment

ions of reference standards. Screening conditions were set according to EU SANTE/11312/2021

guidelines, and automated screening and analysis of detection results were achieved through the

UNIFT software. Compared with the standard detection method, this method reduces the detection

time from 160 min to 12 min, and expands the detection range from 11 ED treatment compounds to

31 compounds, including 11 new ED-treating compounds and 9 PE-treating compounds. The limits of

detection are 0.25 to 15.00 mg/kg (or mg/L). In the detection of 20 batches of kidney-tonifying and

yang-strengthening TCM samples, illegal additions are found in 7 batches, with 4 batches containing

compounds beyond the scope of the standard detection method. This method has advantages of rapid

detection, high accuracy, broad detection range, and flexible expansion capability, which can provide

more robust technical support for regulatory oversight of illegal additions in TCM.

Key words: ultra-high performance liquid chromatography-quadrupole time-of-flight mass
spectrometry (UPLC-Q-TOF MS); UNIFI software; traditional Chinese medicine; illegal addition;

compounds regulating sexual function; rapid screening
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Fig. 1 Total ion chromatogram of 31 compounds regulating sexual function
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Table 1 Information of 31 compounds regulating sexual function

A e Y R R T LA
No. Compound name Disease type CAS number Formula min Precursor ion (m/z) (m/z)

1 P AR ED 139755-83-2  Cp,H;NO,S 4.66 4752127 312.1581,284.1189
2 PG IR ED 1416130-63-6 C,H;,N0,S 4.90 489.2284 312.1581, 284.1268
3 ZEBLP AR ED 642928-07-2  Cp3HyuNGO,S 478 489.2284 284.1268, 312.1581
4 FRILZETTP IR ED 139755-85-4  Cy3H3,NOsS 4.60 505.2233 284.1189, 312.1581
5 BRACTE H AR ED 479073-79-5 Cy,H;N(O;S, 6.27 491.1899 328.1352, 300.1039
6 FREBASESIPHITRE ED 479073-82-0 Cy;H;,N4O,S, 6.16 521.2004 300.1039, 328.1352
7 N-2 F L Py bR ED 139755-82-1 CyHyNO,S 461 461.1971 312.1581, 284.1268
8 TRACSE S PR R ED 479073-80-8 C,3H3;,N(O;S, 6.43 505.2055 328.1352, 300.1039
9 ARS PG AR AE ED 371959-09-0 Cy,H,N;0,S 9.18 460.2018 311.1503, 283.1190
10 ARCREARE ED 2711006-61-8  CyHy,N,O,4 9.47 515.2770 311.1139, 353.1608
11 BRARSCHARAE ED 856190-47-1 C,3Hy,N,O;S, 6.51 505.2055 328.1352, 113.1073
12 ZIHIRE ED 831217-01-7  CysH3uNO; 4.13 467.2770 220.1206, 297.1346
13 AT Hu AR ED 949091-38-7  CyH:,N,O; 4.01 453.2614 297.1346, 311.1503
14 FRHBTRIE ED 224785-90-4 CH;,N:0,S 3.95 489.2284 312.1581, 151.0866
15 At IRAE ED 224788-34-5 Cp,H,N;0,8 7.48 460.2018 151.0866, 312.1581
16 N-KZIEEHIAE ED 448184-46-1 CyHyNO,S 3.82 461.1971 312.1581, 284.1268
17 Bl AR ED 330784-47-9 C,3H,CIN,O,4 4.61 484.1864 375.1218,221.1033
18 filiik g ED 171596-29-5  C,,H N0, 6.39 390.1454 268.1081, 169.0760
19 A RPAE ED 385769-84-6  C,H;iN,O, 5.74 391.1406 169.0760, 269.1033
20 L H R AR h AR ED 171596-36-4  C,;H;;N;0, 5.85 376.1297 169.0760, 254.0924
21 ZZEFEk Ak ED 1588526-67-3  ChHpN,0; 5.52 464.2185 264.1019, 334.1074
22 ZNASEHT s h AR ED NA CysH;3N,05 6.19 492.2498 114.1277, 334.1074
23 FIN/eLS i TS SMHPE 51-05-8  C,3H,,CIN,0, 1.82 237.1603 120.0444, 100.1121
24 ESNT SMHPE 137-58-6 C1H,N,0 2.73 235.1810 134.0948, 162.0902
25 PR A SMHPE 721-50-6 C3H,N,0 2.80 221.1654 136.0757

26 HTRA 4MNHPE 136-47-0  C,sH,5CIN,0, 4.63 265.1916 176.1070, 120.0444
27 AR SMNHPE 94-09-7 C,H,NO, 5.28 166.0868 138.0550, 120.0444
28 Rk T SMNHPE 536-43-6  C,sH,CINO, 5.42 290.2120 114.0913

29 HFE FkPE 65-19-0  CyH,,CIN,O, 3.52 355.2021 144.0808, 212.1281
30 ERRRIAPETT FRPE  129938-20-1 C,H,,CINO 5.79 306.1858 157.0648, 183.0804
31 EhFR & Ak HAKPE  79559-97-0  C,;H;sCL,N 5.86 306.0816 129.0699, 275.0389
AW R IR R R DU 3 AN DR 2 B UCRLAY 22, BT i B, — et ol
ARG 2 AN FRRAE B, Horh A AR FHXFIRZEFIR, B FICELA 25=( Mgy~ My ) /Mgy o

BT, B FILELAZEA KT 53107 2) [ (S/N)

=3; 3) 4 Xt BE B [A] i 22 AR 4 0.1 min.

e &1

SN AL W B4 03T TR R DDA O, B
F R R B A P ] AR R

1 Jo e 7
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Table 2 Limit of detections of 31 compounds regulating sexual function

AT FH R iLjﬂJ b gl . bl . DH&?& LY e #k”-é“
Component name Tablet/  Capsule/ Pill/ Powder/ Medicated liquor/ Oral solution/ Soft capsule/ Ointment/
(mg/kg) (mg/kg) (mgkg) (mgkg) (mg/L) (mg/L) (mg/kg) (mg/kg)
R E R 0.25 125 0.50 0.25 0.25 0.50 0.25 0.25
FZRH 0.25 5.00 0.25 0.50 0.50 0.50 125 5.00
PR 0.25 0.25 0.25 0.25 0.25 0.25 0.50 0.25
HHE 0.25 0.25 0.50 0.25 0.25 0.25 0.25 0.25
N-5 CHEARHARAE 0.50 0.25 0.25 0.50 0.50 1.25 0.50 0.25
b ARAE 0.25 0.25 0.25 0.25 0.25 0.50 0.25 0.25
HRLT AR 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
EAN: 151 E[E 0.25 0.50 0.25 0.25 0.50 0.25 0.25 0.25
FRILZEB P ISR 0.50 0.50 1.25 0.50 0.25 125 0.25 0.25
N-Z Ry I A 0.50 0.25 0.25 0.50 0.50 1.25 0.50 0.25
Bl (R AR 0.25 0.25 0.25 0.25 1.25 0.25 0.25 0.25
HRTRHA 0.50 0.50 0.25 0.25 0.50 0.50 1.25 0.50
PUHBIRAE 0.25 1.25 0.25 0.25 0.25 0.25 0.50 0.50
T el 0.25 0.25 0.25 0.25 0.25 0.50 0.50 0.25
PG ARAE 0.25 0.25 0.25 0.25 0.25 0.25 0.25 15.00
R 0.25 0.50 0.50 0.50 0.25 0.25 0.50 0.50
RS T 0.25 0.25 0.25 0.25 0.25 0.25 0.25 15.00
AR bR AR 0.25 0.25 0.25 0.50 0.25 0.50 0.25 0.25
FEEARPEAE 0.50 0.50 15.00 5.00 5.00 1.25 15.00 5.00
IKIAPET T ER AR 0.25 0.25 0.25 0.25 0.25 0.50 0.25 15.00
FH kAL 15.00 1.25 5.00 0.50 1.25 125 5.00 125
EhFR & Ak 5.00 5.00 15.00 15.00 5.00 15.00 15.00 15.00
RIS RTIRE 050 15.00 0.50 15.00 15.00 5.00 5.00 15.00
ZNEFEM s bR 0.25 0.25 0.25 0.25 0.25 0.25 0.25 15.00
BRARVE HARAE 15.00 15.00 15.00 15.00 15.00 5.00 15.00 15.00
fixirAl 0.50 1.25 0.50 15.00 0.50 125 1.25 0.50
TRACEE S PR R 15.00 15.00 15.00 15.00 15.00 0.50 15.00 0.50
BRARSCHARAE 15.00 15.00 15.00 15.00 15.00 5.00 15.00 15.00
Ptk AR 15.00 0.25 0.25 0.25 0.25 0.25 0.25 15.00
TR ZE 7 H KR 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
ERAR CHARAE 0.50 0.50 0.50 0.25 0.50 0.25 0.25 0.25

BB, T 20 IO A /N Ak B 0 A A ()0 3 2% O 00 9 R, A A € 3 e O BR AT R R AR R,
e KRR . B, SANTE/11312/2021 oS O B B ()RR, S B DU S 5 1) Bl
FLAE, 24 m/z 6/ F 200 B, 97 R FH 4 %k i 22 46 R R BRI T B 25 o TR I, AR O 1o A ) £
R TULELZ 22, HHEAERN /N 1 mu, B BsF 1) F/FISEAS (3 B8 5 24 0.3 min!"',

B TN A AR PR E AR 5 BT 9 A0 At A 2.5 HMEIEEFMUEWHEFHEER
3 %o A A 000 5 L P 5 g 1) 3R R ARUONE AN R AR5 5 B UNIFL #0455 ChemSpider 7 2k
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Fig.2 Screening strategy of UPLC-Q-TOF MS
combined with UNIFI software
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Table 3 Detection results of 20 batches of sample
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Fig.3 Screening result of sample 10
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Fig. 4 Structures of sildenafil analogues
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Fig. 5 Fragmentation pathways of sildenafil analogues
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