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The purpose of this experiment was to develop a simple and
robust HPLC method for the extraction of Vitamin B1 (TDP) from
whole blood.

Introduction

Thiamin (Thiamine), or Vitamin B1, is an essential nutrient. The
biologically active diphosphate form of thiamin, thiamin di-
phosphate (TDP), is required for various functions, including
branched-chain amino acid and carbohydrate metabolism, as
well as neurotransmitter and myelin production’. A prolonged
deficiency can cause beriberi, a debilitating disease which can
affect either the peripheral nervous system or circulatory sys-
tem?. Standard methods for thiamin analysis include indirect
measurement of erythrocyte transketolase activity. However,
the majority of thiamin in serum is bound to proteins, main-
ly albumin. Approximately 90% of total thiamin in blood is in
erythrocytes. Direct measurement of TDP in whole blood or
erythrocytes by HPLC with fluorometric detection is the pre-
ferred route®.

In this study, we report a method for concentration determina-
tion of TDP from whole blood. Samples were precipitated with
TCA, followed by a derivatization using alkaline potassium fer-
ricyanide. The limit of quantification for TDP was established at
50 nmol/L, which is below clinically relevant deficiency levels of
<70 nmol/L*.

Materials and Methods

Reagents and Chemicals

Thiamin, Thiamin Diphosphate (TDP) and Thiamin
Monophosphate (TMP) standards were obtained from
Sigma-Aldrich Corporation, (St. Louis, MO).

Reagent Preparation Procedure

1. 25 mM Na,HPO, (pH 7) was prepared by adding 6.7 g of
Na,HPO,.7H,0 to 1 L of DI water. pH was adjusted with
85 % H,PO,.

2. 0.04 % Potassium ferricyanide in 15 % NaOH was
prepared fresh daily by adding 6 mg of potassium
ferricyanide to 15 mL of 15 % NaOH.

3. 10 % Trichloroacetic acid (TCA) was prepared by adding
10 g of TCA to 100 mL of DI water.

4. 10 % H,PO, was prepared by adding 2.35 mL of 85 %
H,PO, to 17.65 mL of DI water.

5. Water saturated methyl tert-butyl ether (MTBE) was
prepared by adding 100 mL of DI water to 100 mL MTBE.
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A Simple and Effective Method for HPLC Quantification of Thiamin Diphosphate
(Vitamin B1) from Whole Blood using a Luna C18(2) HPLC Column and Fluorescence

Experimental Conditions

Sample Preparation

All extraction steps were performed while protecting the sample
from light and under cold conditions, such as on ice. Human
whole blood samples were frozen immediately (-70°C or > 24hr
at -20°C) after the collection. It is important that the samples be
frozen prior to analysis in order to lyse the cells, thus releasing
the TDP to be further analyzed. 250 pL of thawed blood
samples, water blank, calibrators and quality control standards
(50, 320, and 400 nmol/L standards prepared in water), were
aliquoted into 1.8 — 2 mL microcentrifuge tubes.

Protein precipitation was performed by adding 250 pL of
10 % TCA to all samples and vortexing for 15 seconds. Each
sample was left on ice or at 2-8 °C for 15 minutes, protected
from the light. A liquid-liquid extraction was performed by
centrifuging tubes at 14,000 rpm for 10 minutes at 5 °C, then
the supernatant was transferred into tubes (100 x 16 mm)
and washed twice with 750 pL of water saturated methyl! tert-
butyl ether (MTBE) to remove TCA. Tubes were centrifuged at
3,500 rpm for 5 minutes and the top layer was discarded. The
80 pL of extract was transferred to an autosampler vial. 20 pL
MeOH was added to the extract followed by 50 pL of 0.04 %
potassium ferricyanide in 15 % sodium hydroxide. The sample
was mixed and was then placed on ice or in the refrigerator
(4-8 °C) for 20-30 min to complete the derivatization. To prevent
the conversion of TDP to Thiamin, extracts were neutralized
with 50 pL 10 % phosphoric acid prior to HPLC analysis. The
addition of 10 % phosphoric acid also neutralized the pH of the
solution which helped to extend the HPLC column lifetime.

Scheme of the Derivatization Reaction:
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NaOH
= Thiamin Thiochrome
F{:Poa2 ThMP ThcMP
R=P,0.* ThDP TheDP
R=P,0,* ThTP ThcTP
R=P,0,* -adenosine AThTP AThcTP
Page 1 of 8




TN-1172

() phenomenex’

... breaking with tradition™

Experimental Conditions cont. HPLG Conditions:

Column: Luna 5 pm, C18(2)
Dimensions: 50 x 3.0 mm

Part No.: 00B-4252-Y0

HPLC Conditions Mobile Phase: A: 25 mM Na,HPO, in water, pH 7.0

B: Methanol

HPLC analysis was performed using a Luna® C18(2) 5 um 50 x Gradient: Time (min) B (%)
3.0 mm HPLC column (p/n 00B-4252-Y0) on a Shimadzu Promi- 0.01 5
nence® LC-20 AD system (Shimadzu Corporation, Kyoto, Japan) ;g ;g
with an upper pressure limit of 400 bar, equipped with a Shi- 45 50
madzu RF-20A fluorescence detector. Running conditions and 451 5
detector settings are indicated in HPLC Conditions. 6.5 5
Flow Rate: 600 pL/min
Temperature: 28 °C
Pressure 60 bar
Injection Volume: 10 - 30 L
Detection: Fluorescence detector
Excitation: 375 nm and Emission: 435 nm
Figure 1.
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Figure 2.
Chromatogram of TDP, Thiamin, and TMP
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Figure 3.
Chromatograms of TDP in Water and Blood Sample to Determine LLOQ (50 nmol/L)
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Figure 4.
Chromatograms of TDP in Water and Blood Sample to determine ULOQ (400 nmol/L)
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Results and Discussion

Figure 1 shows endogenous levels of TDP extracted from blank
human whole blood when compared to a water blank.

Figure 2 shows good separation of the three major forms of
Vitamin B1 (TDP, Thiamin, and TMP) using our proposed HPLC
method. Although this study was for TDP quantitation in whole
blood samples only, other matrices like plasma, urine, or breast
milk, can be run using this HPLC method to analyze all major
forms of Vitamin B1 however sample preparation procedures
may differ.

Figures 3 and 4 show TDP extracted from human whole blood
compared to a spiked water standard at 50 nmol/L and 400
nmol/L (respectively).

Conclusions

The method presented in this study could be used for the de-
termination of clinically relevant levels of TDP in whole blood.
Because it is specific for all three forms of Vitamin B1 (TMP,
TDPR, and Thiamin), the method could also be used for other
biological matrices as well.

The study showed that our method resulted in reproducible
chromatography after more than 500 injections (without an
analytical guard column), however, using an analytical guard
column such as SecurityGuard™ will further extend the lifetime
of the Luna® C18(2) HPLC column.
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Luna® HPLC Column Ordering Information

3 pm Microbore and Minibore Columns (mm) SecurityGuard ™ Cartridges (mm)

Phases 50x 1.0 150 x 1.0 30x2.0 50 x 2.0 100 x 2.0 150 x 2.0 4 x 2.0*
C18(2) 00B-4251-A0  00F-4251-A0  00A-4251-B0  00B-4251-B0  00D-4251-B0  00F-4251-BO AJ0-4286

for ID: 2.0-3.0mm

3pm Narrow Bore and Analytical Columns (mm) SecurityGuard Cartridges (mm)

Phases 30 x 3.0 50 x 3.0 150 x 3.0 100 x 4.6 150 x 4.6 4 x 2.0* 4 x 3.0*
C18(2) 00A-4251-YO  00B-4251-YO  00F-4251-YO  00A-4251-E0  00B-4251-E0  00C-4251-E0  00D-4251-E0  00F-4251-E0 AJ0-4286 AJ0-4287

for ID: 2.0-3.0mm 3.2-8.0mm

5pm Microbore and Minibore Columns (mm) SecurityGuard Cartridges (mm)

Phases 50 x 1.0 150x 1.0 250x 1.0 150 x 2.0 250 x 2.0 4 x 2.0*
C18(2) 00B-4252-A0  00F-4252-A0  00G-4252-A0  00A-4252-B0  00B-4252-B0  00F-4252-B0  00G-4252-B0 AJ0-4286

for ID: 2.0-3.0mm

5pm Narrow Bore and Analytical Columns (mm)

SecurityGuard Cartridges (mm)

Phases 30x 3.0 50 x 3.0 150 x 3.0 250 x 3.0 4 x 2.0* 4 x 3.0*
C18(2) 00A-4252-YO  00B-4252-YO  00F-4252-YO  00G-4252-YO  00A-4252-E0  00B-4252-EQ  00C-4252-E0 AJ0-4286 AJ0-4287
for ID: 2.0-3.0mm 3.2-8.0mm

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

If Phenomenex products in this technical note do not provide at
least equivalent separations as compared to other products of
the same phase, size and dimensions, return the product with
comparative data within 45 days for a FULL REFUND.
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Australia

1 02-9428-6444

1 02-9428-6445
auinfo@phenomenex.com

-

Austria

: 01-319-1301

1 01-319-1300
anfrage@phenomenex.com

-

Belgium

: 02 503 4015 (French)

: 02 511 8666 (Dutch)

1 +31 (0)30-2383749
beinfo@phenomenex.com

-

Canada

: (800) 543-3681

: (310) 328-7768
info@phenomenex.com

-

Denmark

: 4824 8048

: +45 4810 6265
nordicinfo@phenomenex.com

Finland

: 09 4789 0063
T +45 4810 6265
nordicinfo@phenomenex.com

-

-

France

: 0130092110

1 01300921 11
franceinfo@phenomenex.com

-,

Germany

: 06021-58830-0

1 06021-58830-11
anfrage@phenomenex.com

-+

India

: 040-3012 2400

1 040-3012 2411
indiainfo@phenomenex.com

-

Ireland

: 01247 5405

1 +44 1625-501796
eireinfo@phenomenex.com

-

Italy

: 051 6327511

1 051 6327555
italiainfo@phenomenex.com

-

www.phenomenex.com
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-

-

-

-+

-+

-+

-

-

-

Luxembourg

: +31 (0)30-2418700
: +31 (0)30-2383749

nlinfo@phenomenex.com

Mexico

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

tecnicomx@phenomenex.com

The Netherlands

: 030-2418700
1 030-2383749

nlinfo@phenomenex.com

New Zealand

: 09-4780951
1 09-4780952

nzinfo@phenomenex.com

Norway

: 810 02 005
1 +45 4810 6265

nordicinfo@phenomenex.com

Puerto Rico

: (800) 541-HPLC
: (310) 328-7768

info@phenomenex.com

Sweden

: 08 611 6950
1 +45 4810 6265

nordicinfo@phenomenex.com

United Kingdom

1 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
: (310) 328-7768

info@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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Terms and Conditions
Subject to Phenomenex Standard Terms and Conditions which may be viewed at
www.phenomenex.com/TermsAndConditions.

Trademarks
Shimadzu is a registered trademark of Shimadzu Scientific Instruments.
Luna is a registered trademark and SecurityGuard is a trademark of Phenomenex.

Disclaimer

The products mentioned are not intended for clinical use. Because they are not intended
for clinical use, no claim or representation is made or intended for their clinical use (includ-
ing, but not limited to diagnostic, prognostic, therapeutic or blood banking). It is the user’s
responsibility to validate the performance of Phenomenex products for any particular use,
since the performance characteristics are not established. Phenomenex products may

be used in clinical diagnostic laboratory systems after the laboratory has validated their
complete system as required by the Clinical Laboratory Improvements Amendments of
1988 (CLIA ’88) regulation in the U.S. or equivalent in other countries.

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

CAUTION: this patent only applies to the analytical-sized guard cartridge holder, and does
not apply to SemiPrep, Prep, or ULTRA holders, or to any cartridges

© 2014 Phenomenex, Inc. All rights reserved.




