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Issues Facing DS Industry
� Now under new cGMP’s (21 CFR part 111)

� FDA FSMA gives FDA direct recall 
authority/expanded detention authority

� FDA expanding staff and intensifying enforcement

� Companies need new and faster ways to test product 
lots

� Scientifically valid lot sampling plans required 
meaning many samples per lot need analysis

� API Contaminants and identity main concerns at FDA
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API Adulteration
� Active Pharmaceutical Ingredients (API)

� Many drugs are novel analogues not previously 
known

� Emergence of old abandoned pharmaceuticals

� Often multiple complex mixtures of pharmaceuticals 
buried in botanical matrix

� Industry needs rapid methods for pass/fail testing of 
targeted compounds

� Ability to run many replicates from one lot quickly 
vital to industry survival
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DART (Direct Analysis in Real Time)
� DART allows for rapid analysis of samples in seconds

� Sample preparation is virtually eliminated

� Uses power of mass spectroscopy to resolve 
compounds from matrix

� Gives versatility in settings and sample introduction 
options for faster & easier assays

� Samples testing positive can be further analyzed while 
clean samples clear hold in minutes
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PDE-5 Inhibitors (Viagra etc.)
� First detected in herbal supplements shortly after launch 

of Viagra (sildenafil citrate)

� Following launch of Cialis (tadalafil) and Levitra 
(vardenafil), these too show up in herbals

� Clandestine synthetic organic chemists begin tweaking 
molecules to create analogues

� Hongdenafil (acetyldenafil) first analogue identified

� Numerous others follow including analogues of all 3 
approved ED drugs (now close to 40+)

� Latest approach is to add thione groups & create prodrugs

6



Analysis of ED Drugs by DART
• Experiments were performed using a DART SVP 

interfaced to a Thermo Finnigan LCQ Deca ion trap

• All samples were analyzed neat; the closed end of a 
melting point capillary was dipped into the powder, 
excess sample was shaken off, and the capillary was 
manually placed in the ionization region. 

• All samples were analyzed using helium as the 
ionization gas.  The ion polarity and gas temperature 
were varied for each sample. 

• Analysis of each sample took approximately 5 
seconds.  
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Analysis of ED Drugs by DART 
195 = caffeine in supplement

Clean DS matrix

475 = sildenafil

475 = sildenafil
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Analysis of ED Drugs by DART

MS/MS of Sildenafil by DART!
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Analysis of ED Drugs by DART

505 = dimethyl sildenafil thione
which is a common thione analogue of
sildenafil
MS/MS discriminates from other 505
Analogues (not shown)
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APIWL – Weight Loss API’s by DART
� Sibutramine is an anorectic DEA Schedule III 

controlled substance

� Removed in 2010 by Abbott due to post market AER’s

� Product appeared in DS products several years ago

� New analogues and metabolites appearing as well

� Despite withdrawal from  market, sibutramine in DS 
products is on the rise!

� Other compounds include diuretics, laxatives, 
stimulants, benzodiazepines and more!
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Sibutramine in DS by DART

280 = sibutramine
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On-the-shell DART!

Sibutramine on the outside 
of the capsule shell by 

DART!
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Botanical Identity by DART
� Many botanicals have common major markers

� Coptis and Goldenseal alkaloid profile mostly 
berberine & minor alkaloids

� Coptis is cheap and Goldenseal is expensive

� Berberine is not a marker suitable for differentiation

� HPTLC (3 hr + long process) can differentiate them

� Look at what we see with DART analysis of the roots
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Coptis
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Goldenseal
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Next Steps in FRL DART Project
� DART for multi-compound simultaneous screen

� DART for ID testing of dietary ingredient singles

� DART for ID testing of complex botanicals

� DART for orthogonal analysis of HPTLC plates for 
critical diagnostic pairs in botanical ID (HPTLC-
DART-MS)

� DART for … (you will just have to come back next year 
and see for yourselves)
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Thank You Watch out new ED 
analogue because DART 

is going to get you!

18


