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APPLICATION BENEFITS INTRODUCTION

® Rapid detection of undeclared Dietary supplements are used by millions of consumers to improve health,
pharmaceuticals in herbal supplements maintain wellness, or support a more challenging lifestyle. Some of these
with little or no sample preparation supplements address conditions that many regard as shameful, awkward,

= In-source fragmentation to provide or otherwise difficult to discuss with a physician. These conditions can

. . . . .
additional confidence in results include sexual dysfunction or excessive weight gain.

m Relatively simple operation for Often, consumers choose supplements because they want a safe and

non-expert mass spectrometry users natural alternative to drugs that are contraindicated for health reasons

such as a heart condition. An example that illustrates this situation is that,

e Teiie Serssning almost exclusively, erectile dysfunction medication approved by the FDA

gy i lreies etelior are phosphodiesterase type 5 (PDE5) enzyme inhibitors,? such as Sildenafil

EleiliicRaiiieie (Viagra,™ Pfizer), which can be fatal when taken with nitrate vasodilators

(e.g., nitroglycerin).

DART (Direct Analysis in Real Time) by lonSense is an ambient ionization
technique that allows for quick sampling of compounds without sample
surface contact. This ionization technique, combined with the Waters™
ACQUITY™QDa Mass Detector, enables a rapid, sample preparation-free
technique for sample screening. The system further generates easy-to-
interpret mass spectral information in seconds.

This application note shows the utilization of the DART QDa System for the
direct analysis of a variety of online dietary supplements that are claimed to
be 100% herbal treatments for a variety of conditions including impotence,
obesity, and rheumatism. All but one of the examples were cited as
containing undeclared pharmaceutical ingredients on the FDA website.
Here we were able to show the detection of undeclared compounds in all
WATERS SOLUTIONS cases. Further, we show that by inducing in-source fragmentation, we were
DART™QDa™ System able to produce additional specificity to aid in compound identification.

MasslLynx™ v4.2 Software
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https://www.waters.com/waters/DART-QDa-System-with-LiveID-/nav.htm?cid=134983082
https://www.waters.com/waters/MassLynx-MS-Software/nav.htm?cid=513662
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EXPERIMENTAL

Sample description
The following samples were analyzed:

Table 1. Analyzed herbal supplements and the suspected undeclared pharmaceutically active compounds with potential contraindications.

Type "Brand” Undeclared compound Potential impact
Male potenc Can interact with medications containing nitrates
P v Royal Honey* Tadalafil (Cialis™) , 9
supplements which can dangerously lower blood pressure

Sibutramine: widely banned appetite suppressant -
NuVitra King dietary ~ Sibutramine Fluoxetine linked with strokes and adverse cardiovascular events.
supplement (Prosac™) Fluoxitine: Diabetes, decreased Na, K, and Mg in
blood. Increased risk of bleeding

Slimming aids*

Rheumatism/arthritis/ L . NSAID: Duodenal ulceration, can produce allergic
. Ortiga joint remedy Diclofenac . . .
general wellbeing reaction following the use of asperin

*Detailed on FDA website.

Table 2. Analytical standards. Electrode 1 Metastables
|
Standard Reference +|
. European Pharmacopeia oo, | ®
Tadalafil P . He — o € oeoods * Ll = MS
EPOOTLGS5 Batch 2.0 biow Dischap - | -.,—I_—F o \
Sibutramine Sigma, Lot: 109K4605V IGM Electrode
Acetaminophen Sigma, Lot: SLBM5923V = Gas Heater
Diclofenac Sigma, Lot: BCBW5662 ; ; o ;
- : Figure 2. Schematic of DART mechanism in action.
Fluoxetine Sigma, Lot: LRAA9180
Method conditions A PELEIERE el e Ortiga joint remedy
Sample introduction techniques employed: Nuvitra
DART
temp. (°C) 450 200/250 250
QDa polarity POS POS POS
QDa mass 50-600 100-600 100-600
range (Da)
QDa cone
voltage (V) 5/50 2 2
Solvent swap Apply small
Samolin using ether amount of Analyzed directly
techr?i u% followed by powder using lonSense
a spotting on on OpenSpot tablet holder
QuickStrip card card
sample ) . Tablet holder
introduction Quickstrip OpenSpot DA?qr]rdl-?gder
Data management
Informatics software: MassLynx v4.2

Figure 1. Sample introduction techniques utilized by the DART QDa System.
(A) OpenSpot sample introduction employed for the analysis of Nuvitra.

(B) Ten-tablet sample holder employed for the analysis of Ortiga joint remedy.
(C) Twelve-position QuickStrip card with linear rail for the analysis of Royal Honey.
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RESULTS AND DISCUSSION

MALE POTENCY

Royal Honey

Initially, direct analysis was attempted for the
honey; however, the matrix complexity resulted
in spectra dominated by compounds native

to the honey.

A simple “solvent swap” sample preparation was
devised by measuring approximately 2 mL of the
honey and adding 2 mL of tertiary butyl ether.
The container was shaken vigorously for a few
seconds, and the supernatant was spotted onto
the QuickStrip card for analysis (Figure 3).

The polar compounds, such as saccharides
contained in honey, are immiscible with the
highly hydrophobic ether removing the vast
majority of matrix interference from the honey.
Analysis of the supernatant at 450 °C usinga 5V
cone voltage shows spectra consistent with the
erectile dysfunction drug Tadalafil (m/z 390)
when compared with Tadalafil standard

(Figure 4). Increasing the cone voltage to 50 V
induces similar fragmentation patterns for both
the Tadalafil standard and the honey supernatant
(m/z 135, 268).

Nuvitra

A Nuvitra capsule was split and a small amount
of the contents were applied to an OpenSpot
card which was directly introduced to DART
(Figure 5). The method was initially run using

a DART temperature of 200 °C with a QDa cone
voltage of 5 V. Increasing the temperature to
250 °C promoted the ionization of fluoxetine
while inducing fragmentation of both fluoxitine
and sibutramine (fragments at m/z 125 and

195, respectively [Figure 6]).

Royal Heney_Z0NOV1S_ D02 566 [2.826) Cm (513:575-16:120) 1 Scan DART+
100 3421 5058t
505022
450 °C 5V
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#
127.0
159320 43,9 5042 Oligosaccharide
1298 3251 126122
1450 103571 /
10
‘ J . A Mol
100 150 200 250 00 50 400 450 500 550 600 B50 TO 750 &00

Figure 3. Spectra of the direct analysis of Royal Honey using the DART QDa System showing
possible compounds commonly found in honey.

Tadalafil STD_03JAN19_001 215 (0.857) Cm (195:229-6:39) o\ 1: Scan DART+
6.04e5
100 — 390.1
Tadalafil Std o
= 268.1 388.2391.2 450°C, 5V
169.0 P
n5l) 75 100 125 1§ 176 200 225 250 275 300 326 350 | 375 400 425 450 475 500 525 550 575 Eﬂromz
Tadalafil STD_03JAN18_0D1 211 (4 843) Cm (197:2274:41) 3: Scan DART+
° 3.68e5
100 35.0 |169.0 268.0 2501 450 °C, 50 V
Tadalafil Std 2621 g
&
20412831 | | 29?-0 388.2‘?91,1
o . LA A ) miz
50 75 100 125 1§ 176 200 225 250 275 300 326 350 375 400 425 450 475 500 525 550 575 600
Royal Honey_03JAN18_005 160 (0[637) Cm (134:166-5:37) 1: Scan DART#
i~ I P uf o 9.29¢4
. Oy 3904 | ¢y gl 450°C50V
oyal Honey Y Ly
E 126.0 750 \268.1 o fﬁn{
110.0 |\- 169.0 186.2 [og 391.3 o Y ~ m/z390 Tadalafil
o 1 L 1 - N ‘o "
50 75 100 125 184 175 225 250 275 300 325 350 375 400 u2s 450 475 500 525 550 5§75 600
Royal Honey_03JAN18_005 285 (1}139) Car259:293-4:39) 3: Scan DART+
£ 268.1 450 °C, 50 V 4.29e4
100 Royal Honey  150-04169.0
110.1 2630 3902
| . L
e | g 7o " 26941 339.1‘391.2
o Ll Lok L N/ ;
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600

Figure 4. Analysis of “Royal Honey” supernatant showing spectra consistent with Tadalafil
(Cialis™ Eli Lilly).

™G per capsuie |

100 0.

NUVITRA

Figure 5. Details for Nuvitra-declared ingredients and the sample introduction method.
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Sibutramine_28NOV18_001 181 (0.721) Cm (167:221-2:128) ( \ 1: Scan DART+
100 280.2 ,!‘ 7.15e5
| Sibutramine Std, 200 °C, 5 V
= 282.2 a
12“‘-9 139.0 “ m/z 280 Sibutramine
100 120‘ 1‘40 160 180 200 220 240 60 280 300 320 1340 360 380 400 420 440 460 480 500 520 540 560 580 ﬁﬂrﬂmz
Fluoxitine STD_28NOV18_002 125 (0.497) Cm (119:156-2:91) 1: Scan DART+
100 H ; 3101 _N o. 6.83¢5
Ao F Fluoxitine Std, 200 °C, 5V
o ‘ Lo F é/ \6 \©?<F
131.0 \ : 311.2459 9 m/z 310 Fluoxitine
h
100 120 ‘ 140 160 \!i 200 220 240 60 280 300 i 320“ 340 360 380 400 420 440 460 480 500 520 540 560 580 WBI\/I
Nuvitra capsule_250ct18_002 335 ).226) Cm (305:361-2:112) 1: Scan DART+
195.1 5.29e5
oo WON 280.2 Nutriva Capsule, 200 °C, 5V
cr
125-0/ 139.0 196.2 “? 522 ‘5"1 o1
100 1Z|'l‘ 1““1 160 180 ‘znn 220 240 60 280 300 320 ;340 360 380 400 420 440 460 480 500 520 540 560 580 Eﬂ{‘l"’l Flgure 6 Ana/-ysls Of Nuv’t[‘a Capsu/e Contents
Nuvitra capsule_f50ct18_002 547 (2.003) Cm (526:611-396:485) 1: Scan DART+ ; ‘ . i i ,
00 3102 42068 producing spectra consistent with sibutramine
A 195.1 se02 Nutriva Capsule, 250 °C, 5V (a widely banned appetite suppressant)
126.0 138.1 1662 2820 312 and fluoxetine (an antidepressant: Prozac,
0] 98 2922 | s :
100 120‘ 140 160 180 200 220 240 203‘—1:1‘7—110— I20 340 360 380 400 420 440 460 480 500 520 540 560 580 Bﬂg‘n E/I L’//J/)’ /ncreaSIng the DART temperature
promotes the ionization of fluoxetine.
Ortiga joint remedy sos_erin 5 —
100, = Tic
Ortiga joint remedy tablets are uncoated
and therefore can be introduced directly to o
the DART source using the DART tablet holder T ‘
and linear rail. Ten separate tablets were ‘M
analyzed in Figure 7. o @

The FDA website states that Ortiga tablets |

lF @ [

are suspected to contain the NSAID (non- _,“-;m i, nlie ‘h
| [ (S ), I, 2 (13 o o /I o
steroidal anti-inflammatory drug) dicolfenac | J"F\\\m,,. RN ] ,“;;‘\;'U"‘ \‘;‘"{.k‘,%w e -M“ . T,‘IJM‘L P wk‘;,ﬁn{ ;J 1,:“‘
o ﬁ'\.““,‘\,‘a} Y LAREEY ¥ e BT E T o U .;
(m/z 296). Tablet analysis indicated that LRI ‘ "‘L-‘J‘ Al “’\'\\“l‘"aliﬂ i I f

diclofenac was not present (Figure 8). The

tablet analysis gave a base peak signal at Figure 7, Total ion count (TIC) of 10 Ortiga tablets and the loading of tablets onto the DART

m/z 152 which does correspond to the molecular tablet holder (inset).
ion of acetaminophen. When compared to

the acetaminophen standard, both standards

Cl
H B H )_28NOV18_004 1: Scan DART-
produced fragments at m/z 110 indicating the . 2800 QMH et
; 294.0 ¢ OH Diclofenac Std, 250 °C, 5 V
loss of the acetyl group of acetaminophens. =T — @An’ [clotenac Std, g
| [ Qo
Diclofenac m/z 296
214.0 ‘25“ lesf"" ssj.s
100 120 "o 160 180 200 220 240 260 2 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600
Oroga tabie 130C1E, 005 1355 2.427) Cm (1208130040111 234) ScanoARTe
o 1520 13168
7 Ortiga tablet, 250 °C, 5V
A = NOT DICLOFENAC!
110.0 3031 4/
153.0 i
9‘ 0 120 140 160 180 200 220 240 260 2 " 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600
Acurmminaphen SO MHOVIE 901 127 (8.509 G 1281192041997 + seanOARTe
100 162.0 o /©/°H Acetaminophen Std, 250 °C,5V ***
o OH H,C)LN
H
i e ; N ACETAMNOTREN
h10.0 — Hc S N 3031 Acetaminophen m/z152 WITH ACETAMNOPHEN
153.1 | e
100 120 140 160 180 200 220 240 260 Ex'a'; 300 320 M0 360 380 400 420 440 460 480 500 520 540 560 580 lllgll=

Figure 8. Comparison of Ortiga tablet with diclofenac and acetaminophen standard showing
spectra consistent with the latter.
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CONCLUSIONS References

The DART QDa System can provide a rapid screening technique for suspect 1. https://qualitymatters.usp.org/
adulteration-food-ingredients-and-dietary-

supplements-focus-usp-workshop

supplements or over the counter medicines (OTCs). This may be routinely

performed using library matching or profile matching software. 2. https://www.fda.qov/drugs/

buying-using-medicine-safely/
medication-health-fraud

The DART QDa System was able to detect multiple, undeclared, active,

pharmaceutical ingredients within supplements purchased online, in )
3. Cody, R.B.; Laramee, J. A; Nilles, J. M.; Durst, H. D.

multiple dosage forms (i.e., tablets, powders, and honey). Direct Analysis in Real Time (DART)

e . . Mass Spectrometry. JEOL News. 2005, 40 (1), 11.
By utilizing in-source fragmentation with the QDa, and temperature

manipulation of the DART helium gas stream, more information was
derived from the sample in terms of specificity.

The discrepancy between the suspected, undeclared compound and the
compounds detected in Ortiga joint remedy serves to highlight the lack of
consistency and responsibility of the producers of these products, and the
need to rapidly screen these products for consumer protection.

High resolution mass spectrometry (HRMS) would still be required for
full spectral confirmation; however, the specificity provided by the single
quadrupole detector will decrease the likelihood of false positives.
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