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Detection of 15 afrodyn drugs illegally added in sex-enhancing product by
HPLC-MS/MS with solid nuclear particle chromatographic column

LI Jiong, JIN Meng-na, LI Wei, WANG Jiao-fei, QIU Hong-yu
Hangzhou Institute for Food and Drug Control, Hangzhou 310017, China

Abstract: Objective To develop an HPLC-MS/MS method with solid nuclear particle chromatographic column to determine 15
afrodyn drugs illegally added in sex-enhancing product. Methods The analysis was performed by an HPLC-MS/MS system, with
Cortecs-Cyg (150 mm x 4.6 mm, 2.7 pm) column. Multiple-reaction monitoring (MRM) was performed to identify and quantify
phentolamine mesylate, noracetildenafil, acetildenafil, vardenafil, sildenafil, hydroxyhomosildenafil, homosildenafil, aminotadalafil,
tadalafil, thioaildenafil, pseudovardenafil, norneosildenafil, methyltestosterone, stanozolol and danazol, which were extracted with
methanol by ultrasonic. Results The linear calibration curves of 15 chemical components mentioned above were obtained at r* >
0.995 4 with better separation degree and wide linear range. The precision of the method was shown by RSD (n = 6) from six estimated
values ranged from 0.9% to 3.3%. The recovery rates determined at three adding concentrations were from 88.3% to 109.5% and the
RSD was from 0.9% to 5.2%. The range of limit of quantitation (LOQ) were from 0.015 pg/mL to 0.30 ug/mL and The RSD of
inter-day and intra-day precision were from 0.9% to 4.2% and from 1.0% to 4.5%, respectively; Twenty batches of positive samples of
25 batches of sex-enhancing products were detected to be added with sildenafil and with an unqualified rate of 80%. Conclusion The
method is specific and simple to detect that 15 afrodyn drugs were added illegally in sex-enhancing product. At the same time, the high
positive detection rate should attract the attention of the department concerned, and the corresponding policies should be issued to
guarantee the health and safety of the people.
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Table 1 MS parameters for 15 afrodyn drugs
Bgr B FX (miz) 24 E/NV Rl RE B eV J4r B TX (miz) 2R ARV RlEfE RS R /eV
FH BRI Z i B 282.2—212.2" 120 30 Libr.E V| 390.2—>268.2" 120 10
282.2—120.1 30 390.2—169.2 40
AL AL AR 453.4—297.3" 120 45 A HBAE  505.3—+299.2" 120 45
453.4—166.2 50 505.3—99.2 45
AR FiIE[S 467.4—111.2" 100 40 P& AR R 459.9—151.2" 100 40
467.4—297.2 40 459.9—~312.3 40
(B 3: LI EIS 489.4—~151.2" 120 40 METGHRAE  460.3—312.2" 100 45
489.4—312.3 40 460.3—283.2 45
[iip:FilE (S 475.4—58.2" 120 40 FH 52 303.3—+109.2" 120 25
475.4—283.2 45 303.3—~97.2 25
FALZ P AAE 505.4—+283.2 120 40 ) HH e 329.4—81.2" 120 50
505.4—311.2 35 329.4—95.2 45
LS AR A 489.4—72.2" 120 45 LR 338.4—91.2" 120 50
489.4—283.3 45 338.4—148.2 30
S AAhEHE 391.2—269.2" 120 10
391.2—169.2 30
" BB TR
“ the ion pair for quantitation
R AT 22 ] \ AR TR AR L, IR B I R B A — 2,
I B I Oy A AT ST (R O 0
F—— | ﬁ} ARSI FH R VR 0T HE T Y RS AR S A [ B
— PREIGUE, 453 DR BE B A AR ALY J LA B 2348 i
Pt | e SB35 P AR R
LB ST i 22 ZHMXRFREZE, WNRFMEESR
STHIIAE I HY Ll 2% ) HE S R ANV, A9 A 3EAE 5oL,
I | DA 20 53 () i g g T A AN AR AR (YD, 0 HE T
= WREEAREAL R (X BHATERIER RHELE, S5 R N*K 2.
AR BB ERER (BROCE A K IR, =k
AR AR WAURET A AR AR, R8s R0 19, N
flaikr R \ NIE YRR TR A KT HR AR, F% “1.67 7V
S— B AGERAIEL, FHEIR Y 3 A0 055 15 F
Ay *F HERHAREES IO R PR 5 2 PR, 25 R LK 2.
I 2.3 FEREMIRE
L L PR (RS (B KR, mHak
7 e | HHURIAEMAR AR, s LA 14,
2 BN GE B VR G0t B i v, A Atk it VB DR o
0 4 o 1 20 24 HIREAN 8 pg/mL, 1 HW 5 REF I
t/min RSD ENH WK%, PL3dEEHMNE (BRES
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Fig.1 MRM ion graphs of 15 afrodyn drugs
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24 EEMAE

B IR i, TN IE 24 B FROVR 45 6T T A i VL
AR it T B TR BE 0N 10 pg/mL, 24 i ) 25 7
IREEHI 6 47, MIEIX 15 Fpin s, EEML

PRI IR AT, 2 RO, R0FK
BURE A 1 g, 20 T I0N & B A VR 45 0 R AR, At
AR IEBOINRE FURIR L 20 5 9% s & (20 2, 8.
15 ug/mL), VAT 3 43, 4ZHFEah il % 5k & il

R 2. T R AR Ry &, tHE R, 4R LK 3.
25 FERIERIRATE 2.6 FEGRTE MR
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Table 2 Linear regression results, LOD, LOQ, and reproducibility of 15 afrodyn drugs
PN é%‘ami/ Yot I R? il IEEl %Eﬁﬁi HEPERSD ikl RSP/%
(ngmL ") (pgmL™) (ugmL") (n=6)/% HW (n=5) HIA (n=9)
SRy 23] 1.02~20.4 Y=1 034502 X-+716 872 0.998 1  0.004 0.015 2.4 3.2 1.8
B2 AR 1.07~21.4 Y=39210 X+10449  0.9984 0.100 0.300 15 1.4 1.0
AR ¥ E|S 1.05~21.0 Y=55 182 X426 221 0.9973 0.080 0.250 1.2 2.9 2.8
RIS E 1.14~22.8 Y=197 452 X+10569 0.9992 0.020 0.060 2.4 42 2.5
[EpEUEIE]S 1.11~22.2 Y=311 237 X—770 0.9998 0.020 0.060 2.9 1.7 3.2
FILZE BT ARAE 1.29~25.8 Y=40 553 X6 190 0.9985 0.100 0.300 1.8 0.8 1.9
TN F ]S 1.02~20.4 Y=286 124 X+13714 0.9996 0.015 0.050 1.0 1.1 2.8
=8 Y vEld 1.22~24.4 Y=123345X+14714 09990 0.030 0.100 2.8 35 2.7
kb E 1.15~23.0 Y=142293 X+49118 0.9967 0.030 0.100 3.9 3.7 3.4
TRAR bR 1.09~21.8 Y=152560 X+53596 0.9970 0.030 0.090 2.0 2.5 45
Ptk AR 1.37~27.4 Y=1328 004 X+653 487 0.9983 0.004 0.020 0.9 2.9 1.9
FRBE P AR 1.07~21.4 Y=458 117 X+206 392 0.9967 0.010 0.030 2.8 41 33
FH 22 1.13~22.6 Y=143943 X+118864 0.9984 0.030 0.100 3.3 2.2 4.0
Bl 1.21~24.2 Y=1007 600 X+773 902 0.996 0  0.004 0.020 1.9 0.9 43
prag 4L 1.03~20.6 Y=43228 X+38636  0.9954 0.100 0.300 15 1.8 2.9
#3 ERERRELER (n=3)
Table 3 Results of test of recovery rates (n = 3)
H IR RRIE] “PY[E RSD/ o IR RIRIE] “FH[E RSD/ W ININBTRIREE] “FEI[E RSD/
(ngml™) W& % (ngmL™)  WCRI% % (ngmL™h)  WRI% %
PR RR 1 % 1 A 2.04 924 31 |BREZFEEHIBE 2.58 923 3.2 |thfkindE 2.74 88.7 45
8.16 908 4.6 10.30 901 2.9 11.00 987 2.0
15.30 9.6 0.9 19.40 957 1.1 20.60 95.1 1.9
i35 €5 2.14 985 37 |ZFEFHAE 2.04 956 4.3 |AEFEHALE 2.14 901 24
8.56 988 15 8.16 1095 4.0 8.56 108.7 35
16.10 1064 2.2 15.30 972 25 16.00 1022 36
2L AR 2.10 917 44 |FI:AhikHiIE 2.44 1036 3.1 |F £ 2.26 989 15
8.40 956 1.7 9.76 928 0.9 9,04 100.7 1.9
15.80 979 15 18.30 909 29 16.90 934 2.8
R E 2.28 89.6 5.2 |fhiEfidE 2.30 92.4 5.0 |a)HME 2.42 86.7 3.9
9.12 952 2.9 9.20 883 1.9 9.68 9.7 2.8
17.10 1011 33 17.20 1056 3.9 18.20 9.1 5.1
[T IE]S 2.22 95.3 1.2 |EARCHUARAE 2.18 95.7 4.1 |ikim 2.06 106.7 1.6
8.88 992 0.9 8.72 1045 18 8.24 955 3.9
16.70 984 14 16.40 976 1.7 15.40 9.7 2.7
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Fig.2 MRM ion graphs of sildenafil in sample 5
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Table 4 Detection results of 15 afrodyn drugs in samples

s FE b 4 B 5 LIVING K 1A A6 HHEBE A2 B4 (mg-g ™)
1 HEEEER / VU e LAY LREARA A Puh i E 55.109
2 TR / A s B AR MR R R O P AR 72.520
3 ISR / s DUREVITIT R A H) P A E 88.441
4 &fRE VGA 20140203 b SRR A IR Pih ARk 67.872
5  GERFFEEF / VEBA YR A ] i A PR ] 7 Hh A8 9E 81.603
6 MACAWMILF 15064236 Pz B BRI A RAE Ph IRl 0.956
7 — et / FEMRB LR (EED FRAREES A P AR E 125.074
8 WLt / VG A AR IR A R ] P Hh A8 9E 283.755
9 M1% / FEAR T 2 s PE AR 416.571

10 MO 10032755  FH#ILHGEFREMEY GEHD HRA A PEHIRE 32.632
11 SSRMEER 20150915 FBNML&EIRAEMEY FERD BRAF FaHh AR E 34.169
12 CHENF IR A 20150807 PRI AR A A YR A PR A A Vo ARk 262.433
13 HEfEN £ / U YRR R ol PEHIARAE 145.815
14 SHAE / PEE & AR A TR A P Hh A8 E 263.357
15 HERHEHA / VOB & AR RH A TR ] P A8 E 236.042
16 [ by / T T T 3 AP AR A R A P A8 E 193.890
17 Ry 20160808 ik L e 2 4R FIAT R A PE AR 126.079
18 HEBEHER F 20160308  FHHE(SIRAEDHAA RAF Ph AR 85.053
19 XAEETRR / PUEE gAY LREA R A A PaHsE 127.382
20 AT / P T S5 LR A KA H

21 FREANKIIRE ] ZHAKITTAR BT RA RAEH

22 kg / VOB AR IR A R ] ARHE

23 M)\ HE / PEIBLAR AR MR A PR ) RAEH

24 WHIENRFE / LA LRARAF RAEH

25  EZHEANER / FUEEEBAR A F VG E 8.737
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