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. igure-5: Photographs of six positive samples. Forty-three suspecte
2Waters Corporation, Atlas Park, Wythenshawe, Manchester, M22 5PP, UK. samples avere anatysed. in this studys 18 were found to be adulterated

with ED drugs.
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ABSTRACT RESULT S'& DISCUSSION

The adulteration of herbal/dietary supplements with erectile dysfunction (ED) drugs and their analogues is reported For the purpose of screening , a spectral library for known ED drugs and analogues was prepared. Owing to recent reports Table 2: List of 32 compounds with retention times, and optimised MRM transitions parameters. Table-3: Summary of.results for .eight adulterated }.1e.rba1/ dietary samples. The screenin.g resu-lt-s, including spec.tra.l match
worldwide and is an increasing problem!!l. The sale of so-called 100%, ‘all-natural’ products has become a highly of increased availability of ‘all-in-one’/ ‘combination’ herbal products!?], we also added the naturally-occurring substances ' : : : factors, RT data and final screening status (# = positive or = = negative) are presented, in addition to the quantitative data
profitable business for online pharmacies, however these products can pose a serious threat to consumers owing to the Icariin and yohimbine, the synthetic, dapoxetine (used for premature ejaculation) and testosterone. The library was Ret(?,ntlon Precursor | Cone | Quantifier CE Qualifier CE | Dwell| LOQ %CV (n=4) | from the subsequent confirmatory analysis.
undisclosed presence of approved/prescription drugs or the unknown safety and toxicity profile of unapproved ED drugs. created according to a previously-described approachl®! ie., UPLC was used in conjunction with full scan MS analysis, Substance Time Ion Voltage Ion Ion R?
P PP P p g y yP PP 8 : g p 4 2% Az : L 10 cony - With 1 Yy ) V) (V) | (ms) | (ng/mL) 2 ng/mL| 10 ng/mL | 100 ng/mL
which was performed under multiple cone voltage conditions (in-source collision—induced dissociation: CID), to generate (min.) (m/2) (V) (m/2) (m/2)
The aim of this study was to develop a comprehensive method for screening, confirmation and quantification of illegally both spectral and retention time (RT) information (Figure-1). Yohimbine 2.77 355.2 41 144.1 28 212.2 25 | 50 0.2 0.9989 | 2.00 3.35 2.92
added ED drugs, and their analogues in herbal and dietary products that are marketed to improve male sexual Acetylvardenafil 3.28 467.3 65 151.1 48 111.1 35 | 50 1.0 0.9980 | 4.80 7.05 1.98 Thiosildenafil 8.10 8.11 v 786 + 4 mg/pack
performance, and imported to Qatar. A spectral library for 32 compounds was generated. In addition, a screening protocol Carbodenafil 423 453.2 61 339.2 25 311.2 32 10 0.2 0.9994 | 4.85 10.1 3.95 Royal Honey 7! Thiodimethylsildenafil 8.50 8.50 v 835 + 65 mg/pack
was suggested which permitted the detection of new, unknown ED analogues by generation of common fragmented ions. — _ _ & MS2 ES- T 1 M52 ES+ Hydroxyvardenafil 4.50 505.1 68 151.1 46 312.1 38 20 0.5 0.9990 3.20 1.23 4.46 Thich —— 250 g 35 .
In parallel, a highly sensitive and selective MS/MS method was developed for confirmation and quantification using two 100 22 Sildenafil 290e0 by (% e SuanEl 23988 Hydroxyacetildenafil 453 4832 59 1271 35 143.2 32 | 08 05 09983 | 973 469 329 totiomostidend ; ; = = = -
) : . . T .
‘ multiple reaction monitoring (MRM) transitions for each compound. | et e | P el ol o 29908 5,5 7533 Nor-acetildenafil 4.70 453.3 60 97.2 34 113.2 36 | 10 0.2 0.9989 | 7.77 3.54 2.04 Thiosildenafil 8.09 8.11 4 828 + 48 mg/cap
S Lo aes STy TR o L il ALl : Yunna 500mg . : :
e | I e el el s il ik L Vardenafil 473 489.0 66 1511 | 52| 3121 | 40| 10 1.0 | 09988 | 263 2.83 3.19 B e p—— 8.47 8.50 v 858 + 00 s
6 M32 ES- 1 M52 ES+ Acetildenafil 493 467.2 60 111.2 35 127.2 40 08 0.2 0.9982 9.84 2.94 1.78 p ) ) )
100 ol Yamen) e T Yardanafl L Piperiacetildenafil 5.42 438.0 63 982 | 38| 2971 | 42| 20 | 02 | 09980 | 474 | 521 3.29 Thiohomosildenail 849 8:55 - 809 - X
s am;uﬂ ., 4591_49 e o L T T Icariin 5.53 677.2 42 531.2 15 369.2 33 | 08 2.0 0.9975 | 22.1 4.02 6.62 Chinese Pills Sildenafil 5.62 5.65 v 860 + 27 mg/pill
. AN W GHCAREIL1F o NN T G 0- e I Hydroxyhomo sildenafil 5.55 505.1 65 99.2 38 112.2 33 | 20 0.5 0.9989 | 2.17 1.14 0.85 - : :
T T T e T e ™ AR AY ?1, 5 5 5 5 02 5 Cialis 20mg silldieiil e — Y e + A2 o,
The Drug QC Laboratory, Qatar, has been involved in the testing of adulterated and counterfeit products for a number of DirmethviSildenafi 6 M32 ES- 1: M52 ES+ vanafi 5.60 484.3 50 155. 40 375. 8 0 . 0.9986 2 7.3 22 (counterfeit) Tadalafil 295 798 v 330 + 11 mg/tab.
years. Each year brings countless new warnings and alerts over the adulteration of products which are illegally advertised 100 i Y 02 hoo, 11357 B8 DinethyiSidenafl Sildenafil 5.65 475.1 64 100.2 32 283.1 40 | 20 1.0 09995 | 15.6 4.30 1.86
for the enhancement of male sexual performance. Consequently the identification of ED drugs and their analogues in ] e #] 403,39 Homo sildenafil 5.83 489.2 64 99.2 38 113.2 34 | 25 0.2 0.99% | 10.3 3.85 3.25 Homosildenail 6.07 5.83 x 776 = X
b q - of : i 20 B10.23 395 07958, 14414.93 _— l 48740 11451 18810 25414 MA - g7 _— 19035 ethvl sil Al Unknown Blue Tablets
these products is of great interest. ol By el I MO XL e : el Dimethyl sildenafi 6.05 489.1 62 99.2 39 113.2 35 25 0.2 0.9999 2.97 6.42 1.54 Dimethylsildenail 6.07 6.05 v 832 + 81 mg/tab.
' ' ' ' . D G - T L B L i P Aminotadalafil 6.38 391.2 28 269.1 12 169.1 35 | 08 20 | 09970 | 44.8 8.18 5.20 :
We present a mmultanequs procedure for screening of a wide range of known ED drugs and theTr fmalogl'les, togethel.' with 0. 8073 Hydroxyhomosildenafil 5 71esf) ~  a934 HydroxyhomoSildenafil 5 54e6 Udenafil 6.42 517.0 70 112.3 40 283.0 55 08 0.2 09974 | 322 5.24 212 SATIBO Sildenafil 5.62 5.65 4 869 + 67 mg/cap
a protocol for the detection of new, unknown ED analogues. To the best of our knowledge, this is the first description of | 1 e X Nor (ki 6.58 376.1 31 2542 | 11| 1351 | 22| 20 | 50 | 09985 | nd 10.8 6.70 Russian Viagra (black) [[RUREE 5.68 5.65 v 882 + 117 me/tab
this capability in a single ana.lytlcal procedure. A description of the method is provided in addition to a confirmatory u 20 1 L,am.au;ﬂ.mj?m 473-|39m|l aa M} 129.19 mn 4% O g1 085 TR o 5k 5 e = T = 7 G T o TG v - '
\ method based on MRM analysis. R PR SR TR L e sl il L s s s Benzamidenafil 738 390.1 23 151.2 12 107 1 56 08 10 0.9989 413 308 123 Unknown Tablets Aminotadalafil 6.36 6.38 v 791 + 18 mg/tab
_ 6 M32 ES- 1 MS2 ES+ :
- 28776 HydroxyVardenafil a3sesfl - 169.06 HycroxVardenail 22120 Dapoxetine 7.53 306.2 29 261.2 13 157.1 23 08 0.2 0.9980 3.93 2.44 2.95 Korean Royal Jelly Sildenafil 563 565 v 824 + 6 mg/gm
O - e | ) Benzyl sildenafil 7.73 551.2 60 912 | 35| 1341 [50| 08 | 1.0 [ 09995 | 379 | 147 3.32
i i . Ex !
| mm abon | o1 9878 BB gs0nn o | [im 008 ma a R g, T Hydroxythichomo sildenafil 8.00 521.0 57 992 | 39| 1292 | 34| 20 | 05 | 09995 | 248 1.17 171
N ™ P Testosterone 8.06 289.3 49 97.2 22 109.2 22 | 20 0.5 0.9989 | 7.63 1.18 4.16 ' : ~ 1 ;
- i , _ » _ _ Thiosildenafil 8.11 491.0 61 100.2 37 341.2 32 20 1.0 0.9996 3.19 6.51 0.87 : C O N CL U S I O N S :
MS Conditions | Figure-1: Mass spectra of five drugs, MS scans in ESI positive at cone voltage 100V (right) and in ESI Thioh denafil 8.35 505.3 56 113 33 992 0 08 02 0.9991 i 5.9 593 ; ST - R ST R o
| negative at 105V (left). Note the fragment ion of m/z 282 (ESI negative) which is common to all Helnohnaly) Solsa ] : : : : : : : : :
MS System: Waters TQ Detector | analogues of sildenafil and vardenafil. Thiodimethyl sildenafil 8.50 505.2 58 113.2 35 327.2 40 08 0.2 0.9988 5.78 5.32 1.78 . o .
oLy Vit 3.0 kV iy s e 3 64 303.3 50 972 25 109.2 27 08 05 0.9965 957 336 937 > (\1Ve haveddevelloped aTr}llc?V?l s}clre;mng me'Fho.d thz;t is .sulltable for.bolth th}(i (11ete.ct}110r}11 pf knol:\.rlr} and unknown ED
Source Temp: 150 °C Gendenafil 8.76 355.2 56 2853 | 32| 3273 | 27| 08 | 10 | 09981 | 193 9.98 475 rugs and analogues. 1hus 1s the first description of a singie analytical method with this capabluty.
Desolvation Temp: 375 °C Waters MassLynx™ software v4.1 was used for data acquisition and the ChromaLynx™ application manager was used for -
p : v : : q V 1202 8 Pseudo vardenafil 9.17 460.0 62 151.1 44 312.1 40 20 0.2 0.9982 2.32 5.29 0.61 > Full data i 1 d simul Iv in both ESI . d ESI .o d d ltiol
Desolvation Gas: 700 L/hr data processing; ChromaLynx automatically examines the chromatograms produced at each cone voltage, detects the Norneo sildenafil 10.65 460.0 73 2833 41 299 1 39 50 05 0.9991 152 6.17 0.84 uil scan atff‘ 15 €O ected simu t.aneous y 1n bot .negatlve and L. positive modes, under multip € energy
components and calculates the average spectral match factor (MF) against the library!*. Screening in both ESI positive and Neoctol dalafl 1915 488 45 366.4 T 1351 3 | 50 02 09985 | 487 3.74 588 conditions, yielding comprehensive spectral data which are automatically compared to a prepared library of
. . _ . BT : d q lein] ) diti . h RT ‘des hich fid D h -octyl-nortadalafi : . : . : : : : : known drugs.
Screening Analysis: Full scan MS in ESI+ m/z 55 — 680 (Cone Voltage; 20V, 40V, 60V, 80V, 100V) negative modes, under multiple cone voltage conditions, along wit provides high confidence in the
Full scan MS in ESI- m/z200 — 680 (Cone Voltage; 105V identification. o - : : : - e
Confirmation Analysis: MRM (see Table 2 ot transitions an(d P aramete lf%;) ) FoT subse(:j[uen'.c quantitative analysis, a MRM method was developed and validated for.tl.lree alternatlv.e m.atrlcez Le., capsules/tablets./pﬂl?, honey and herbal > The high energy fragmentation patterns generated in negative ESI mode are used specifically to facilitate
Time | MPA | MPB Keeping abreast of emerging ED analogues is challenging. Previously, precursor ion scanning of m/z 283 (in ESI positive e e o e T e e o G identification of new, and currently unknown analogues of ED drugs.
Inlet Conditions (min) (%) (%) mode) has been described for screening for potential unknown analogues of sildenafil and vardenafil®!, however this P ’ : : e > 15 £ comp e 0 &
| . — o500 | e o s e 60 albeadr fa vkl macl i desimmer chnzdd) cpmpounds When .the stand.ard mix solut10n§ were splked. into herbal matrices. The limit of quantification (LOQ) was < 1.0 ng/mL for 29 compounds based on a > Furthermore, a quantitative confirmatory method for 32 ED drugs/analogues has been developed and validated.
énllet System: Waters Acquity UPLC : . signal-to-noise ratio of > 10:1 for both quantifier and qualifier ions. This UPLC-MS/MS method is sensitive, accurate and demonstrates excellent linearity.
olumn: Waters HSS C18 2.1 x 100mm, 1.8um 2.10 80.0 | 20.0 : : . : . : e
. ’ Consequently, we proposed inclusion of an extra scanning function, performed simultaneously in negative ionisation : . :
COhlIIlH TemI.). 42 C 6.50 60.0 | 40.0 mode at high energy. Under these conditions, a characteristic fragmentation pattern was observed for sildenafil, The. c.leveloped. m.ethod NER apph.ed to 43 suspected sample§, 18 of Vf’hmh were found to be adulterate('i with ED analogu'es (Table—3).. Two Sf‘m.PIeS that screened > These procedures have been applied to the analysis of 43 samples received by our laboratory between the period
Sample Temp: 8°C 950 400 | 60.0 1denafil and vardenafil and thei : 1 Fi 1 and Fieure-2). Similarl der th diti positive for thiodimethylsildenafil also gave matches for thiohomosildenafil, however chromatographic separation permitted clear differentiation between these 10/2010 — 08/2011. Eighteen samples were found to contain unauthorised substances.
Weak Wash: 20:80 = Acetonitrile/Water with 0.1% Formic acid acetildenafil and vardenafil and their respective analogues (Figure-1 and Figure-2). Similarly, under these conditions, two identical substances. In the same sample, sildenafil and dimethylsildenafil were also detected as minor compounds due to the hydrolysis of thio analogues of
' on . 0 11.00 40.0 | 60.0 tadalafil and its respective analogues demonstrates a common fragment at m/z 232 (data not shown). : : P : D Y P yarey 8
Strong Wash: 80:20 = Acetonitrile/Water 11.30 20 98.0 sildenafil (e.g., thiosildenafil - sildenafil)”..
Injection Volume: 10 pL 12.80 2'0 98.0
Mobile Phase A: 3 mM Ammonium Formate pH 2.9 +0.03, using Formic Acid : : : Qo i - 6 M52 ES o MBS, v | |
Mobile Phase B: Acetonitrile with 0.1% Formic acid 1300 | 800 | 20.0 — B2y i B 722 AL neutralloss of -CoHe 147° N Yunna capsules - i ) unna capsules 6 M3z E5-
Flow Rate: 0.35 mL/min 15.00 80.0 20.0 @ L_),'l_m" Lﬁ N #5358 B9 2982 126 [1] Tainted Sexual Enhancement Products, www.fda.gov /ast accessed 25" January 2012.
Gradient Elution: See Table-1 Table-1: UPLC Gradient on | Ol (28 2982 B [2] ] Dean, R Klep, al’.ld J AquTlina; Counterfeit dapgxetine sold‘ on the interTle'F contains undisclosed sild(.ena.fil. Int .J. Clin Pract. 64 (9) (2010) o |
033 of -C-Hs (-28) = N 20627 Hab [3] L Humbert, F Grisel, C Richeval and M Lhermitte. Screening of xenobiotics by ultra-performance liquid chromatography-mass spectrometry using in-
. 521 40 é 2 thiodimethylsildenafil 475.37 source fragmentation at increasing cone voltages: library constitution and an evaluation of spectral stability. Journal of Analytical Toxicology 34 (2010).
Sample Preparation 5|2 1.3 504.35 [4] R Lee, M Roberts, A Paccou and M Wood. Development of a new UPLC/MS method for systematic toxicological analysis. Waters Corp. Application
Sample powder, equivalent t le or tablet/pill ighed ( £ honey, 2 d) and transferred t HE e e ] L o3 o e[ [ N ke M S
ELRNPILE RO er’_ Satie ep S On? C.a.Psu SO e S N RIS S e SO SOl a0 e ST TRS aI_l g (e O G | 5 8 1% 2 ,,,,,\2,561,6,,| - ..,....'-,’..3%?.'%?,....,....,....,....,....,....,....,...}..fifi,ﬁ.ﬁ?....,....,?..l'.,....,....,....,...., [5] M Dusek, M Sanda, P Cuhra and S Barsova; Simultaneous LC-MS/MS determination of sildenafil and related analogues added illegally to herbal
20mL VOlumetI'IC ﬂaSk. Flfteen mlllllltres Of methan()]./water (75.25) was added and the Sample ‘was Sonlcated fOI’ 20 min., Hydroxyacet"denaﬁ' & dimethylsildenafil, as minor compound = E 2D "l Rell” 28l 7 el Taalll “ER el el 380 TwalR TAsh “Hall” SR £400 SDD_ e Products intended for the treatment of erectile dysfunction. 3rd Int Symposjum on Recent Advances in FoodAna]ysjs, Prague, November 7-9, (2007)
the mixture was then made up to its 20mL graduated mark with methanol/water (75:25). The mixture was shaken for 5 M-H thodimethyl > dmethylsidenafi . 298 21 > sbes [6] CS Ng, TY Law, YK Cheung, P Ng and KK Choi; Development of a screening method for the detection of analogues of sildenafil and vardenafil by the
. . . . . . . ; - use of liquid chromatograph coupled with triple quadrupole linear ion trap mass spectrometer. Anal. Methods2 (2010)
e centrlfuged aet0tdipm e Samples e using a DAL [ [E7IDES syringe filter: HOA Benzylsildenafil s thiosildenafil . [7] JC Reepmeyer and DA D'Avignon; Use of a hydrolytic procedure and spectrometric methods in the structure elucidation of a thiocarbonyl analogue of
Idenafl, second mi 396 96 ' sildenafil detected as an adulterant in an over-the-counter herbal aphrodisiac. /. AOAC Int. 92 (2009).
The filtered samples were diluted using water with 0.1% formic acid/ACN (70:30). For screening analysis a 50-fold sy 5547 P i 281.04 : _ ts|w1ioesm;n:ﬁlcinsngn;:aofr” oy ey [8] H Lee; B] Lee; A novel approach to simultaneous screening and confirmation of regulated pharmaceutical compounds in dietary supplements by
dilution was used; for the confirmation analysis, samples were further diluted 400-fold to 1000-fold range. Liquid samples 2:1:1[.15 270,12 ( | .32 s SR T 505,70 ?24.40 E51.31 799 1R ‘ 266 24 > ; f 258884 \\A .l My s ' iy LC/MS/MS with an information-dependent acquisition method. Food Additives and Contaminants 28 (2011).
c o o . . . ihes 0 m : : i [ | ; . i . =0 SEE _ d
e.g., herb drinks, juices and oral sprays were simply diluted 50-fold and 400 to 1000-fold respectively. o TR o A e e e i ik ek e e w ok o o ow "m0 A s ey aby ad ado 4k " atd il 54 Lw,_, mranere el 2| P M VR G e
200 a3.00 400 a.00 f.00 7.00 g.00 5.00 10.00 11.00 200 220 240 260 ®A0__ 300 /320 340 360 360 400 420 440 460 480 500 520 ; i ;
Calibration Solutions for MS/MS Confirmation and Quantification Figure-2: Screening for the ‘unknowns’. MS scan in ESI negative mode (cone voltage=105V) leads to the formation of parent ion . . o . o ' ' _ . ' . ' . ACKNOWLEDG MENTS
: : - : [M — H] with the loss of ~C,H, (-28) and formation of the common fragment ion Ze., m/z 282 (common in all analogues of Figure-3: TIC of seized sample, thiosildenafil and thiodimethylsildenafil as major Figure-4: ESI negative spectra of seized sample (Figure-3), formation of common =
Mixed calibrators comprising 32 reference compounds (0.2 ng/mL — 1000 ng/mL) were prepared both in the presence and e er a3 el amd sl e F compounds; producing minor compounds sildenafil and dimethylsildenafil after the fragment ion m/z 298 due to the presence of thiocarbonyl group in thio analogous
. . . . e . sildenafil, vardenafil and acetildenafil). NI f . Special thank you to Dr. Aisha Al-Ansari, Director of Pharmacy and Drug Control, for her support in initiating the funds for this project. We are sincerely |
absence of matrix. Three different matrices were evaluated ie., capsules/tablets/pills; honey and herbal drink. For an hydrolysis of thiocarbonyl group to a carbonyl group (C=S = C = O). of sildenafil. T iy
_ ) . ) . grateful to Waters Corp. (Manchester, UK) for providing six additional reference standards.
assessment of precision (%CV), mixed solutions of 2 ng/mL, 10 ng/mL and 100 ng/mL in herbal matrices were prepared.
|
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