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Nicotinic acid and nicotinamide were extracted from human
plasma by performing a rapid protein precipitation using Impact
Protein Precipitation Plates followed by HPLC analysis using a
Gemini 3 um C18 100 x 4.6 mm HPLC column and positive po-
larity ESI LC/MS/MS system. Impact technology offers easy, fast
protein removal while providing maximized recovery of the target
analytes. The Gemini 3 um C18 HPLC column produced excellent
chromatographic resolution, sensitivity, and high peak capacities.

Introduction

Niacin (nicotinic acid) is a water-soluble vitamin that is also
referred to as vitamin B3. Nicotinamide (nicotinic acid amide) is
the derivative of niacin that is incorporated into the coenzymes
nicotinamide adenine dinucleotide (NAD) and nicotinamide adenine
dinucleotide phosphate (NADP). The nicotinamide moiety of NAD
and NADP serves as an electron acceptor or donor in biological
oxidation-reduction reactions catalyzed by several hundred
different enzymes. Both nicotinic acid and nicotinamide are
absorbed from the normal diet. Nicotinamide is the form of vitamin
B3 that is commonly found in nutritional supplements and used
to fortify foods. Nicotinic acid is available both over the counter
and with a prescription as a cholesterol-lowering agent. Niacin
deficiency can result from inadequate dietary intake of niacin and/
or the amino acid tryptophan. Niacin deficiency can affect the skin,
digestive system, and the nervous system. Severe niacin deficiency
is referred to as pellagra.

Materials and Methods

Sample Preparation:
Protein precipitation was performed using an Impact Protein
Precipitation Plate.

Step

1. Place the Impact plate onto a suitable 96-well sample manifold

2. Dispense 300 pL acetonitrile into each well of the Impact plate

3. Add 100 pL of plasma/serum samples to each well of the Impact plate
4. Mix 3 times by aspirating with a pipette tip

5. Apply vacuum to filter the sample and collect the purified filtrate

After filtrate is collected, the collection plate containing the purified
samples should be covered using a sealing mat. The sample is now
ready to be injected onto the LC/MS/MS. If the sample will not
be injected onto the LC/MS/MS immediately, transfer the filtrate
to amber Verex™ autosampler vials (ambient) to protect from light.
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HPLC Conditions:
Column: Gemini 3 ym C18
Dimensions: 100 x 4.6 mm
Part No.: 00D-4439-E0
Mobile Phase: A: 0.1 % Formic acid in water
B: Methanol
Flow Rate: 600 pL/min
Gradient: Time (min) % B
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Detection: APl 4000™ MS/MS, ESI Positive (ESI+)
Temperature: Ambient
Injection: 2 pL purified plasma

MS/MS Conditions:

AnAB SCIEXAPI4000™ triple-quadrupole tandem mass spectrometer
is used for analysis equipped with an ESI probe operating in positive
polarity mode. Under an MRM mode, two channels were monitored
for nicotinamide and nicotinic acid (Table 1).

Table 1.
MRM Transitions

Peak Name MRM Channel
123.006 = 80.100
123.981 = 80.100

Nicotinamide

Nicotinic acid

Results and Discussion

When developing a method for the analysis of nicotinamide and
nicotinic acid, it was important that the method be rapid, sensi-
tive, and accurate in order to accommodate high-throughput labs
that analyze 100’s to 1000’s of samples each week. Traditionally,
a protein precipitation step is used for fast cleanup of plasma
samples. Protein precipitation is normally performed using a cen-
trifuge tube or a 96-well collection plate, however this process
requires that supernatant be collected while being careful not to
disrupt pelleted protein in the bottom of the tube or collection
plate. This step was greatly simplified by using Impact Protein
Precipitation Plates. The Impact plate allows for the analysis of
96 samples at once, eliminates the transfer steps that are com-
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monly associated with protein precipitation, and can also be auto- Figure 2.
mated. Protein precipitation was performed within the wells of the Chemical Structures of Nicotinamide and Nicotinic Acid
Impact™ plate and sample was not allowed to pass through the
filter of the plate until vacuum was applied. This ensured that the Nicotinamide O Nicotinic Acid O
precipitated protein was left within the wells of the Impact plate
while protein free sample was allowed to pass through the filter
and into a collection plate (Figure 1). \ \
Figure 1. N H 2 O H
Protein Precipitation Using Impact Protein Precipitation Plates
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Figure 3.
LC/MS/MS Chromatogram of Nicotinamide and Nicotinic Acid at 1000 ng/mL
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Figure 5.
Representative Standard Curve of Nicotinic Acid at a Concentration Range
of 2 to 2000 ng/mL
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The reproducibility of our analysis was determined by producing
a standard curve of nicotinic acid at a concentration range of 2 to
2000 ng/mL. With R? = 0.9996, our method proved to be repro-
ducible even at low levels of detection. The signal-to-noise ratio
was also studied at LOD and LOQ. With a signal-to-noise ratio of
4.3 and 3.3, it was determined that we were able to reliably ana-
lyze nicotinamide and nicotinic acid from plasma/serum samples
at a LOD of 2 ng/mL. The LOQ was subsequently determined to
be accurate at 10 ng/mL with signal-to-noise ratios of 12.4 and
10.1.

Table 2.
Signal-to-Noise Ratio of Nicotinamide and Nicotinic Acid at LOD and LOQ

Analyte LOD LOQ
ng/mL S/N Ratio ng/mL S/N Ratio
Nicotinamide 2 4.3 10 12.4
Nicotinic acid 2 3.3 10 10.1
Conclusion

As the study of vitamins becomes an increasingly impor-
tant factor in clinical research, high-throughput laboratories
must adopt rapid and robust methods to accurately ana-
lyze and quantitate vitamins and their derivatives. With these
goals in mind, we developed a method that can be easily au-
tomated, can be used in high-throughput labs, and provides
both sensitivity and speed. The sample preparation step using
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Impact™ Protein Precipitation Plates is simple, requires no method
development, and can process 96 samples at once. The down-
stream LC/MS/MS analysis using a Gemini® 3 pm C18 HPLC col-
umn provides resolution between nicotinic acid and its derivative,
nicotinamide, in under 3 minutes. The analysis is also sensitive,
with an LOD at 2 ng/mL and a LOQ at 10 ng/mL for both analytes.
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Ordering Information
Gemini® HPLC Columns

50 x 1.0

30 x 2.0

3 pm Microbore, Minibore and Narrow Bore Columns (mm)
20x 2.0

50 x 2.0 100 x 2.0

150 x 2.0

50 x 3.0 100 x 3.0
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SecurityGuard™ Cartridges (mm)
150 x 3.0
10/pk

C18 00B-4439-A0 00M-4439-B0  00A-4439-B0  00B-4439-B0  00D-4439-B0  00F-4439-B0  00B-4439-YO ~ 00D-4439-Y0
3 pm Analytical Columns (mm) SecurityGuard Cartridges (mm)
Phases 20x 4.0 30x4.6 50 x 4.6 100 x 4.6 150 x 4.6 250 x 4.6 4x3.0*

10/pk
c18 00M-4439-D0  00A-4439-E0 00B-4439-E0 00D-4439-E0  00F-4439-E0 00G-4439-E0 \ AJO-7597

5 ym Minibore and Narrow Bore Columns (mm)

for ID: 3.2-8.0 mm

00F-4439-Y0 AJ0-7596

for ID: 2.0-3.0 mm

SecurityGuard Cartridges (mm)

30x2.0 50 x 2.0 150 x 2.0 250 x 2.0 50 x 3.0 100 x 3.0 150 x 3.0 250 x 3.0
10/pk
C18 00A-4435-B0 00B-4435-B0 00F-4435-B0 00G-4435-B0 00B-4435-Y0 00D-4435-Y0 00F-4435-Y0 00G-4435-Y0 ‘ AJ0-7596
for ID: 2.0-3.0 mm
Australia Luxembourg 5 pm Analytical Columns (mm)
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1 02-9428-6444
1 02-9428-6445

auinfo@phenomenex.com

Austria

: 01-319-1301
: 01-319-1300

anfrage@phenomenex.com

Belgium

: 02 503 4015 (French)
: 02 511 8666 (Dutch)
: +31 (0)30-2383749

beinfo@phenomenex.com

Canada

: (800) 543-3681
: (310) 328-7768

info@phenomenex.com

Denmark

1 4824 8048
1 +45 4810 6265

nordicinfo@phenomenex.com

Finland

: 09 4789 0063
1 +45 4810 6265

nordicinfo@phenomenex.com

France

: 0130092110
: 0130092111

franceinfo@phenomenex.com

Germany

: 06021-58830-0
1 06021-58830-11

anfrage@phenomenex.com

India

1 040-3012 2400
1 040-3012 2411

indiainfo@phenomenex.com

Ireland

: 01247 5405
1 +44 1625-501796

eireinfo@phenomenex.com

Italy

: 0516327511
1 051 6327555

italiainfo@phenomenex.com

www.phenomenex.com

Phenomenex products are available worldwide. For the distributor in your country,
contact Phenomenex USA, International Department at international@phenomenex.com
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: +31 (0)30-2418700
: +31 (0)30-2383749

Phases

30 x 4.6

50 x 4.6

100 x 4.6

SecurityGuard Cartridges (mm)

150 x 4.6 250 x 4.6

nlinfo@phenomenex.com 18

Mexico

: 001-800-844-5226
1 001-310-328-7768

tecnicomx@phenomenex.com

The Netherlands

: 030-2418700
1 030-2383749
nlinfo@phenomenex.com

: (310) 328-7768

info@phenomenex.com

Sweden

: 08 611 6950
1 +45 4810 6265

nordicinfo@phenomenex.com

United Kingdom

: 01625-501367
1 01625-501796

ukinfo@phenomenex.com

United States

: (310) 212-0555
: (310) 328-7768

info@phenomenex.com

All other countries:
Corporate Office USA
: (310) 212-0555
1 (310) 328-7768

[€]

info@phenomenex.com

00A-4435-E0

00B-4435-E0

Ordering Information
Impact™ Precipitation Products

If Phenomenex products in this technical note do not provide at least
an equivalent separation as compared to other products of the same
phase and dimensions, return the product with comparative data

00D-4435-E0  00F-4435-E0  00G-4435-EO |

* SecurityGuard Analytical cartridges require holder, Part No.: KJ0-4282

Part No. Description Unit
New Zealand CE0-7565  Impact Protein Precipitation, Square Well, Filter Plate, 2 mL 2/box
1 09-4780951
1 09-4780952
nzinfo@phenomenex.com
Norway Accessories
. 81002 005
: +45 4810 6265 AHO-7192  Strata® 96-Well Collection Plate 350 uL/well 50/pk
nordicinfo@phenomenex.com  xyo 7193 Strata 96-Well Collection Plate 1 mL/well 50/pk
Puerto Rico AHO0-7194  Strata 96-Well Collection Plate 2 mL/well 50/pk
: (800) 541-HPLC AH0-8635  Strata 96-Well Collection Plate, 2 mL Square/Round-Conical 50/pk

within 45 days for a FULL REFUND.

Terms and Conditions

Subject to Phenomenex Standard Terms and Conditions which may be

viewed at www.phenomenex.com/TermsAndConditions.

Trademarks

Gemini and Strata are registered trademarks of Phenomenex. Impact, Verex, and Security-
Guard are trademarks of Phenomenex. API 4000 is a trademark of AB SCIEX Pte, Ltd.

Gemini is patented by Phenomenex. U.S. Patent No. 7,563,367

SecurityGuard is patented by Phenomenex. U.S. Patent No. 6,162,362

© 2013 Phenomenex, Inc. All rights reserved.
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