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Introduction
In this technical note, we discuss a novel approach to quantification of 
amphetamine enantiomers from diluted urine, utilizing a Gemini® C18 
trapping column and Lux 3 µm AMP analytical column. Column 
switching setup allows for accelerated sample throughput without 
carryover or premature column failure.1

Amphetamine (AMP) is a psychostimulant that is commonly pre-
scribed for the treatment of ADHD and other disorders.2 However, 
it is widely abused and therefore illicitly produced.  Prescribed AMP 
is manufactured at specific enantiomeric ratios (S-: R-). For exam-
ple, Adderall® is manufactured at a 3:1 enantiomeric ratio.  Illegal-
ly produced AMP generally yields an enantiomeric ratio of 1:1. By 
looking at this ratio forensic scientists can uncover illicit use of this 
powerful psychostimulant.3

The gold standard for the enantiomeric separation of amphet-
amines is off-line derivatization followed by GC/MS or LC/MS. This 
is problematic for two reasons: it is time consuming and there is 
risk that the derivatization agent used may not be 100% enantio-
merically pure.  

Lux 3 µm AMP LC columns were specifically designed to carry out 
the reversed phase separation of amphetamine and substituted 
amphetamines without the need for derivatization. The media used 
is a pH stable polysaccharide coated chiral phase that is QC tested 
for the separation of amphetamine and methamphetamine enan-
tiomers.

Materials and Methods

Reagents and Chemicals
Standards were obtained from Cerilliant (Round Rock, TX, USA). 
Acetonitrile (99.9 %, HPLC gradient grade) was purchased from 
Acros Organics (Chemie Brunschwig, Basel, Switzerland) and am-
monium hydroxide solution from Merck (Grogg Chemie, Stettlen, 
Switzerland). Water purification via Milli-Q® water system from 
Millipore (Zug, Switzerland). Blank urine was provided by healthy 
and abstinent volunteers. HPLC System used was a Thermo Ulti-
Mate® 3000 HPLC (Waltham, MA, USA).

Sample Pretreatment
Add 1.41 mL of water and 15 µL of internal standard solution (10 mg/L 
AMP-d5) to 75 µL of urine and vortex.

Overview 

•	 Rapidly uncover illicit use of amphetamine

•	 On-line sample prep using novel column-switching technique

•	 Fast reversed phase LC method without need for 			 
	 derivatization

Calibration Solutions
Serial dilutions of racemic AMP standard solution in acetoni-
trile were used to create working solutions at the following mg/L  
concentrations:  0.75, 1.5, 7.5, 15, 75, 150, and 375. Adding 5 μL 
of working solution to 70 μL of blank urine created calibration sam-
ples at 0.05, 0.1, 0.5, 1, 5, 10, and 25 mg/L. 

Column-Switching Setup

Figure 1.  
Configuration of Column-Switching LC/MS/MS system. (a) Loading mode 
(b) Eluting mode
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Results and Discussion
The dilute sample is first injected on to the C18 trapping column 
for preparation (Figure 1a), then in backflush mode an additional 
pump pushes the sample to the Lux AMP column for chiral sepa-
ration (Figure 1b). By using this technique, the subsequent sample 
can be injected and cleaned up, before the first sample has com-
pleted eluting on the analytical column. With on-line sample prep, 
column switching and the elimination of the derivatization step, this 
novel method allows for greater sample throughput and decreased  
active time spent on sample preparation.

This technique shows a good separation of enantiomers. Rep-
resentative chromatograms for AMP racemate and S-AMP are 
shown in Figures 2 and 3 respectively. 

Binary 
pump 1 
(µL/min)

Isocratic 
pump  
(µL/min)

Binary 
pump 2 
(µL/min)

Position of 
switching 
valve

% Mobile 
Phase B 20% 0% 25%

Time (min)

0.0 400 200 500 Loading Mode

1.0 400 200 500 Eluting Mode

1.1 20 20 500

4.9 20 20 500 Loading Mode

5.0 400 200 500

6.0 400 200 500

LC Conditions
Trapping Column: Gemini® 5 μm C18 110Å

Dimension: 10 x 2.0 mm
Part No: 00N-4435-B0-CE

Cartridge Holder: CH0-5846
Analytical Column: Lux® 3 µm AMP

Dimension: 150 x 3.0 mm
Part No.: 00F-4751-Y0

Guard: KrudKatcherTM Ultra
Part No: AF0-8497

Mobile Phase: A: 0.1M Aqueous Ammonia (pH 11) 
B: Acetonitrile

Flow Rate: Variable (see Table 1)
Temperature: Ambient for trapping column.  30° C for analytical column

Injection Volume: 1.0 µL

MS/MS Conditions
Detector: SCIEX 5500 QTRAP®

Mode: Positive electrospray ionization
Scan Type: SRM

Curtain Gas (CUR): 40
Gas 1 (GS1): 40
Gas 2 (GS2): 60

IS: 3500 V
Temperature (TEM): 600 °C

Interface Heater: ON
Collision Gas (CAD): Medium

Collision Energy: 26 eV
Declustering Potential: 45 V

Entrance Potential (EP): 10 V
Collision Cell Exit Potential: 8 V

Dwell Time: 150 ms

Table 1.  
HPLC program
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This method was assessed for linearity using a seven-point calibra-
tion curve (Figures 4 and 5) with correlation coefficient (R) greater 
than 0.99 in both cases.  Calibration curves for diluted samples in this 
study covered a range from 0.05 mg/L to 25 mg/L.  This method was 
validated for precision and accuracy, selectivity, matrix effect, carry-
over, dilution integrity, and re-introduction reproducibility.  Additional-
ly, it was applied to 67 samples from forensic cases.  For complete 
validation methodology please refer to M. Hädener et al.1

Conclusion
In this technical note we demonstrated a novel column-switching 
method developed by Hädener et al. at University of Bern. This tech-
nique allows for rapid on-line sample clean up and higher throughput. 
The Lux® 3 µm AMP LC column was selected to overcome common 
setbacks in the analysis of enantiomeric amphetamines. 
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Figure 2.  
Representative extracted ion chromatogram of a urine sample spiked with 
racemic (±)-AMP at 50 mg/L (25 mg/L per enantiomer).

Figure 3.  
Representative extracted ion chromatogram of a urine sample spiked with 
S-(+)-AMP at 1.6 mg/L.

Figure 4.  
Seven point calibration curve for R-AMP in urine at concentrations between 
0.05 and 25 mg/L (linear least-squares regression with 1/x weighting). 
R=0.9993.

Figure 5.  
Seven point calibration curve for S-AMP in urine at concentrations between 
0.05 and 25 mg/L (linear least-squares regression with 1/x weighting).  
R = 0.9989.
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Gemini 5 µm C18 110 Å Trapping Column

10 x 2.0 mm MercuryMS™ Holder 20 x 2.0 mm MercuryMS Holder

00N-4435-B0-CE CH0-5846 00M-4435-B0-CE CH0-5845
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Terms and Conditions 
Subject to Phenomenex Standard Terms and Conditions, which may be viewed at  
http://www.phenomenex.com/TermsAndConditions.

Trademarks 
Gemini and Lux are a registered trademark. KrudKatcher, MercuryMS, MidBore, and  
SecurityGuard are trademarks of Phenomenex. UltiMate is a registered trademark of  
ThermoFisher Scientific, Inc. QTRAP is a registered trademark of AB SCIEX Pte. Ltd.  
AB SCIEX™ is being used under license. Milli-Q is a registered trademark of Merck KGaA, 
Darmstadt, Germany. Adderall is a registered trademark of Shire LLC.

Disclaimer 
FOR RESEARCH ONLY. Not for use in diagnostic procedures.
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If Phenomenex products in this technical note do not  
provide at least an equivalent separation as compared to 
a competing column of the same phase and dimensions, 
return the product with comparative data within 45 days 
for a FULL REFUND.

Lux® 3.0 µm Analytical Columns SecurityGuard™  Cartridges‡

Phase 150 x 3.0 150 x 4.6 10/pk 10/pk

AMP 00F-4751-Y0 00F-4751-E0 AJ0-8475 AJ0-8476

3.0 mm ID 4.6 mm ID
‡ SecurityGuard Cartridges require holder, Part No.: KJ0-4282

Krudkatcher™ Ultra** In-Line Filter (Analytical)

Part No. Description Unit

AF0-8497 HPLC KrudKatcher Ultra Column In-Line Filter,  
0.5 µm Depth Filter x 0.004 in ID

3/pk

**	Krudkatcher Ultra requires 5/16 inch wrench, Part No.: AQ0-8903

Ordering Information


