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Overview
Since gabapentin is unmetabolized and excreted renally, it is 
found in high concentrations in urine. These high concentrations 
can make analysis of other compounds, specifically amphet-
amine, difficult due to overloading the LC column and saturating 
the source of the mass spectrometer1. This work aims to examine 
the most commonly used drug research panel method conditions 
and evaluate modifications that can be made to alleviate these 
issues for robust analysis of amphetamine in a high concentration 
gabapentin positive sample.

Materials
Reference standards and deuterated internal standards were pur-
chased from Cerilliant® Corporation (Round Rock, TX). 

Ammonium formate and formic acid were purchased from Sig-
ma-Aldrich® (St. Louis, MO). 

HPLC-grade methanol and acetonitrile were purchased from Hon-
eywell® (Morris Plains, NJ). 

Purified water was obtained using a Sartorius® arium® comfort II 
filtration system (Göttingen, Germany).

Sample Preparation
A standard comprised of amphetamine, pregabalin, gabapentin, 
morphine, norhydrocodone, hydromorphone, oxymorphone, and 
noroxycodone was prepared at 50 ng/mL. A second standard 
was prepared with all compounds at 50 ng/mL except gabapentin 
which was 25 μg/mL.
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Final LC-MS/MS Method Conditions
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Chromatographic Considerations for LC-MS/MS Analysis of Amphetamine 
in the Presence of Gabapentin using Kinetex® Core-Shell LC Columns

TN-1247

Columns: Kinetex® 2.6 µm Biphenyl
Kinetex 2.6 µm C18
Kinetex 2.6 µm Phenyl-Hexyl

Dimensions: 50 x 3.0 mm
Part Nos.: 00B-4622-Y0 (Biphenyl)

00B-4462-Y0 (C18)
00B-4495-Y0 (Phenyl-Hexyl)

Mobile Phase: A: 0.1 % Formic acid in Water, 10 mM Ammonium 
formate, 0.1 % Acetic acid, or Ammonium acetate
B: Methanol or Acetonitrile 

Gradient: Time (min)           % B
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Flow Rate: 0.5 mL/min
Injection: 10 µL

Temperature: 25 °C
Detection: MS/MS
Detector: SCIEX Triple Quad™ 4500

Backpressure: 160 bar

Column: Kinetex 2.6 µm Phenyl-Hexyl

Dimensions: 50 x 3.0 mm

Part No.: 00B-4495-Y0

Mobile Phase: A: 10 mM Ammonium formate
B: 0.1 % Formic acid in Methanol

Gradient: Time (min)           % B
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Flow Rate: 0.5 mL/min

Injection: 10 µL

Temperature: 30 °C

Detection: MS/MS
Detector: SCIEX Triple Quad™ 4500

Backpressure: 158 bar
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XIC of +MRM (16 pairs): 136.100/91.100 Da ID: Amphetamine 1 from Sample 24 (25ug/mL gaba, Knx Biphenyl, 2.6u, 50x3mm, MPA 10m... Max. 9.5e4 cps.
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XIC of +MRM (16 pairs): 136.100/91.100 Da ID: Amphetamine 1 from Sample 5 (25ug/mL gaba, Knx C18, 2.6u, 50x3mm, MPA 10mM am... Max. 6.4e4 cps.
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XIC of +MRM (16 pairs): 136.100/91.100 Da ID: Amphetamine 1 from Sample 7 (gabapentin overload @ 25ug/mL, Knx 2.6u Phen-Hex, 50... Max. 1.5e4 cps.
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Figure 1. 
Chromatogram of panel with regular vs. overloaded gabapentin peak 

Figure 2. 
Gabapentin peak shape under different mobile phase conditions (peak intensity normalized) 
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XIC of +MRM (16 pairs): 136.100/91.100 Da ID: Amphetamine 1 from Sample 7 (gabapentin overload @ 25ug/mL, Knx 2.6u Phen-Hex, 50... Max. 1.5e4 cps.
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Figure 3. 
Amphetamine peak comparison, Mobile Phase A (0.1 % Formic acid), Mobile Phase B (Methanol vs. Acetonitrile) 
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Amphetamine peak in sample with: Gabapentin (50 ng/mL), Gabapentin (25 µg/mL)
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Figure 5. 
Final method chromatogram and separation of isobars
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Figure 6. 
Separation of gabapentin from other analytes
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Figure 4. 
Amphetamine peak comparison, Mobile Phase A (10 mM Ammonium formate), Mobile Phase B (Methanol vs. Acetonitrile)

Amphetamine peak in sample with: Gabapentin (50 ng/mL), Gabapentin (25 µg/mL)
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2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0
Time, min

0.0

5000.0

1.0e4

1.5e4

2.0e4

2.5e4

3.0e4

3.5e4

4.0e4

4.5e4

5.0e4

5.5e4

6.0e4

6.5e4

7.0e4

7.5e4

8.0e4

8.5e4

9.0e4

9.5e4

In
te

ns
ity

, c
ps

3.16

XIC of +MRM (16 pairs): 136.100/91.100 Da ID: Amphetamine 1 from Sample 5 (25ug/mL gaba, Knx C18, 2.6u, 50x3mm, MPA 10mM am... Max. 6.4e4 cps.

1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5
Time, min

0.0

5000.0

1.0e4

1.5e4

2.0e4

2.5e4

3.0e4

3.5e4

4.0e4

4.5e4

5.0e4

5.5e4

6.0e4

6.4e4

In
te

ns
ity

, c
ps

2.46

XIC of +MRM (16 pairs): 136.100/91.100 Da ID: Amphetamine 1 from Sample 10 (25ug/mL gaba, Knx C18, 2.6u, 50x3mm, MPA 10mM a... Max. 5.8e4 cps.

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0
Time, min

0.0

5000.0

1.0e4

1.5e4

2.0e4

2.5e4

3.0e4

3.5e4

4.0e4

4.5e4

5.0e4

5.5e4

5.8e4

In
te

ns
ity

, c
ps

1.74

XIC of +MRM (16 pairs): 136.100/91.100 Da ID: Amphetamine 1 from Sample 7 (gabapentin overload @ 25ug/mL, Knx 2.6u Phen-Hex, 50... Max. 1.5e4 cps.

1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5
Time, min

0.0

1000.0

2000.0

3000.0

4000.0

5000.0

6000.0

7000.0

8000.0

9000.0

1.0e4

1.1e4

1.2e4

1.3e4

1.4e4
1.5e4

In
te

ns
ity

, c
ps

2.60

XIC of +MRM (16 pairs): 136.100/91.100 Da ID: Amphetamine 1 from Sample 17 (gabapentin overload, Knx 5u Phen-Hex, 50x3mm, MPA ... Max. 2.2e4 cps.

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0
Time, min

0.0

1000.0

2000.0

3000.0

4000.0

5000.0

6000.0

7000.0

8000.0

9000.0

1.0e4

1.1e4

1.2e4

1.3e4

1.4e4

1.5e4

1.6e4

1.7e4

1.8e4

1.9e4

2.0e4

2.1e4

2.2e4

2.3e4

In
te

ns
ity

, c
ps

1.99

XIC of +MRM (16 pairs): 136.100/91.100 Da ID: Amphetamine 1 from Sample 9 (gabapentin overload, Knx 5u actually Biphenyl, 50x3mm, ... Max. 3.4e4 cps.

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0
Time, min

0.0

2000.0

4000.0

6000.0

8000.0

1.0e4

1.2e4

1.4e4

1.6e4

1.8e4

2.0e4

2.2e4

2.4e4

2.6e4

2.8e4

3.0e4

3.2e4

3.4e4

In
te

ns
ity

, c
ps

1.98

XIC of +MRM (16 pairs): 136.100/91.100 Da ID: Amphetamine 1 from Sample 24 (25ug/mL gaba, Knx Biphenyl, 2.6u, 50x3mm, MPA 10m... Max. 9.5e4 cps.

2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0
Time, min

0.0

5000.0

1.0e4

1.5e4

2.0e4

2.5e4

3.0e4

3.5e4

4.0e4

4.5e4

5.0e4

5.5e4

6.0e4

6.5e4

7.0e4

7.5e4

8.0e4

8.5e4

9.0e4

9.5e4

In
te

ns
ity

, c
ps

3.16

XIC of +MRM (16 pairs): 136.100/91.100 Da ID: Amphetamine 1 from Sample 5 (25ug/mL gaba, Knx C18, 2.6u, 50x3mm, MPA 10mM am... Max. 6.4e4 cps.

1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5
Time, min

0.0

5000.0

1.0e4

1.5e4

2.0e4

2.5e4

3.0e4

3.5e4

4.0e4

4.5e4

5.0e4

5.5e4

6.0e4

6.4e4

In
te

ns
ity

, c
ps

2.46

XIC of +MRM (16 pairs): 136.100/91.100 Da ID: Amphetamine 1 from Sample 10 (25ug/mL gaba, Knx C18, 2.6u, 50x3mm, MPA 10mM a... Max. 5.8e4 cps.

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0
Time, min

0.0

5000.0

1.0e4

1.5e4

2.0e4

2.5e4

3.0e4

3.5e4

4.0e4

4.5e4

5.0e4

5.5e4

5.8e4

In
te

ns
ity

, c
ps

1.74

XIC of +MRM (16 pairs): 136.100/91.100 Da ID: Amphetamine 1 from Sample 7 (gabapentin overload @ 25ug/mL, Knx 2.6u Phen-Hex, 50... Max. 1.5e4 cps.

1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5
Time, min

0.0

1000.0

2000.0

3000.0

4000.0

5000.0

6000.0

7000.0

8000.0

9000.0

1.0e4

1.1e4

1.2e4

1.3e4

1.4e4
1.5e4

In
te

ns
ity

, c
ps

2.60

XIC of +MRM (16 pairs): 136.100/91.100 Da ID: Amphetamine 1 from Sample 17 (gabapentin overload, Knx 5u Phen-Hex, 50x3mm, MPA ... Max. 2.2e4 cps.

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0
Time, min

0.0

1000.0

2000.0

3000.0

4000.0

5000.0

6000.0

7000.0

8000.0

9000.0

1.0e4

1.1e4

1.2e4

1.3e4

1.4e4

1.5e4

1.6e4

1.7e4

1.8e4

1.9e4

2.0e4

2.1e4

2.2e4

2.3e4

In
te

ns
ity

, c
ps

1.99

XIC of +MRM (16 pairs): 136.100/91.100 Da ID: Amphetamine 1 from Sample 9 (gabapentin overload, Knx 5u actually Biphenyl, 50x3mm, ... Max. 3.4e4 cps.

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0
Time, min

0.0

2000.0

4000.0

6000.0

8000.0

1.0e4

1.2e4

1.4e4

1.6e4

1.8e4

2.0e4

2.2e4

2.4e4

2.6e4

2.8e4

3.0e4

3.2e4

3.4e4

In
te

ns
ity

, c
ps

1.98

Column: Kinetex C18

Mobile Phase: 10 mM Ammonium formate and 
Methanol

Column: Kinetex C18

Mobile Phase: 10 mM Ammonium formate and 
Acetonitrile

Column: Kinetex Biphenyl

Mobile Phase: 10 mM Ammonium formate and 
Methanol

Column: Kinetex Biphenyl

Mobile Phase: 10 mM Ammonium formate and 
Acetonitrile

Column: Kinetex® Phenyl-Hexyl

Mobile Phase: 10 mM Ammonium formate and 
Methanol

Column: Kinetex Phenyl-Hexyl

Mobile Phase: 10 mM Ammonium formate and 
Acetonitrile

A
pp

 ID
 2

53
01

Page 6 of 9

TN-1247



Page 7 of 9

Results and Discussion
Common early eluting drug compounds were selected for initial 
testing to determine where gabapentin eluted in relation to the rest 
of the panel (Figure 1).

Gabapentin and amphetamine were not chromatographically 
resolved under conditions that used either 0.1 % formic acid or  
0.1 % acetic acid as mobile phase A and methanol as mobile 
phase B. Switching mobile phase B to acetonitrile provided some 
resolution, but not enough to separate it from an overloaded gab-
apentin peak. The gabapentin peak was very wide under the mo-
bile phase conditions that used only an acid modifier (Figure 2). 
The amphetamine peak shape was poor when acetonitrile was 
used and showed a suppressed signal, with the exception of when 
it was ran using the Kinetex® Phenyl-Hexyl LC column (Figure 3). 
When methanol was used, the amphetamine peak shape was ac-
ceptable, however, amphetamine instead eluted 0.1-0.3 min be-
fore the expected retention time (Figure 3).

Using 10 mM ammonium acetate chromatographically resolved 
gabapentin and amphetamine, however, amphetamine’s peak 
shape suffered on the Kinetex C18 LC column in particular. Using 
10 mM ammonium formate chromatographically resolved gab-
apentin and amphetamine. Using acetonitrile instead of methanol 
with the Kinetex Phenyl-Hexyl and Biphenyl phases resulted in a 
loss of resolution between isomeric species methamphetamine 
and phentermine, ruling out the use of acetonitrile with the phenyl 
phases. Peak shape was good for gabapentin and amphetamine 
under these conditions. The retention time for amphetamine was 
stable and its signal was not suppressed (Figure 4).

A complete method was developed on the Kinetex Phenyl-Hexyl 
LC column using 10 mM ammonium formate for mobile phase A 
and 0.1 % formic acid in methanol for mobile phase B (Figure 5). 
Full conditions are listed in the experimental section. Gabapentin 
is well resolved from the next eluting peak, oxymorphone, and 
chromatographic resolution of isobaric species was ensured (Fig-
ures 5 and 6).

Conclusion
Using conditions in which gabapentin elutes before other com-
pounds of interest was most effective at reducing the impact of 
a high concentration of gabapentin being present in the sample. 
The effects of gabapentin on amphetamine is presented differ-
ently under each set of conditions, highlighting the importance of 
monitoring all samples for changes in peak shape, retention time, 
and suppression of internal standard as signs of the presence of 
an interfering compound. Using 10 mM ammonium formate for 
mobile phase A and methanol for mobile phase B successfully 
resolved gabapentin from amphetamine on the Kinetex Biphe-
nyl, Phenyl-Hexyl, and C18 LC columns allowing for reproducible 
analysis of amphetamine in the presence of a high concentration 
of gabapentin. The work also presents a complete method using 
these conditions on a Kinetex Phenyl-Hexyl LC column to analyze 
amphetamine while maintaining resolution of common isobars.
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TN
67

36
03

19
_W

Terms and Conditions 
Subject to Phenomenex Standard Terms & Conditions, which may be 
viewed at www.phenomenex.com/TermsAndConditions.
Trademarks 
Kinetex is a registered trademark. SecurityGuard, and MidBore are trademarks 
of Phenomenex. Cerilliant is a registered trademark of Cerilliant Corporation. 
Sigma-Aldrich is a registered trademark of Sigma-Aldrich Co., LLC. Sartorius 
and arium are registered trademarks of Sartorius AG. Agilent is a registered 
trademark of Agilent Technologies, Inc. Triple Quad is a trademark of AB SCIEX 
Pte. Ltd. AB SCIEX™ is being used under license. Honeywell is a registered 
trademark of Honeywell International, Inc.

FOR RESEARCH USE ONLY. Not for use in clinical diagnostic procedures.

© 2019 Phenomenex, Inc. All rights reserved.

www.phenomenex.com
Phenomenex products are available worldwide.  For the distributor in your country,  
contact Phenomenex  USA, International Department at international@phenomenex.com

Australia
t: +61 (0)2-9428-6444 

auinfo@phenomenex.com

Austria
t: +43 (0)1-319-1301

anfrage@phenomenex.com

Belgium
t: +32 (0)2 503 4015 (French)
t: +32 (0)2 511 8666  (Dutch)

beinfo@phenomenex.com

Canada
t: +1 (800) 543-3681

info@phenomenex.com

China
t: +86 400-606-8099

cninfo@phenomenex.com

Denmark
t: +45 4824 8048

nordicinfo@phenomenex.com

Finland
t: +358 (0)9 4789 0063

nordicinfo@phenomenex.com

France
t: +33 (0)1 30 09 21 10 

 franceinfo@phenomenex.com

Germany
t: +49 (0)6021-58830-0

anfrage@phenomenex.com

India
t: +91 (0)40-3012 2400

indiainfo@phenomenex.com

Ireland
t:  +353 (0)1 247 5405

eireinfo@phenomenex.com

Italy
t: +39 051 6327511

 italiainfo@phenomenex.com

Luxembourg
t: +31 (0)30-2418700 

nlinfo@phenomenex.com

Mexico
t: 01-800-844-5226

tecnicomx@phenomenex.com

The Netherlands
t: +31 (0)30-2418700 

nlinfo@phenomenex.com

New Zealand
t: +64 (0)9-4780951

 nzinfo@phenomenex.com

Norway
t: +47 810 02 005

nordicinfo@phenomenex.com

Portugal
t: +351 221 450 488

ptinfo@phenomenex.com

Singapore
t: +65 800-852-3944

sginfo@phenomenex.com

Spain
t: +34 91-413-8613

esp info@phenomenex.com

Sweden
t: +46 (0)8 611 6950

nordicinfo@phenomenex.com

Switzerland
t: +41 (0) 61 692 20 20

swissinfo@phenomenex.com

Taiwan
t: +886 (0) 0801-49-1246

twinfo@phenomenex.com

United Kingdom
t:  +44 (0)1625-501367

ukinfo@phenomenex.com

USA
t: +1 (310) 212-0555

 info@phenomenex.com

All other countries 
Corporate Office USA 

t: +1 (310) 212-0555
 info@phenomenex.com
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