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A Fast, Accurate, and Sensitive Quantitiation of Vitamin C in Plasma by Impact™ Protein
Precipitation and Kinetex® 5 ym Core-Shell XB-C18 HPLC Columns

Shuguang Li, Sky Countryman, and Erica Pike
Phenomenex, Inc., 411 Madrid Ave., Torrance, CA 90501 USA

Vitamin C was extracted from human plasma by performing a rap-
id protein precipitation using Impact Protein Precipitation Plates
followed by HPLC analysis using a Kinetex 5 um core-shell XB-
C18 150 x 4.6 mm HPLC column and UV detection at wavelength
245 nm. Impact technology offers easy, fast protein removal while
providing maximized recovery of the target analytes. The Kinetex
5 pum core-shell XB-C18 HPLC column produced excellent chro-
matographic resolution, sensitivity, and high peak capacities, even
at a low sample volume of only 100 uL, as well as a fast run time
of under 3 minutes.

Introduction

Vitamin C is a very polar compound and is difficult to retain on re-
versed phase HPLC/UHPLC columns. The instability of Vitamin C
at room temperature makes sample preparation and further analy-
sis challenging. Our goal was to generate a stable HPLC method
for accurate analysis of human plasma Vitamin C with an easy
and fast sample preparation method and efficient HPLC columns.

Figure 1.
Protein Precipitation Using Impact Protein Precipitation Plates
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Materials and Methods

Sample Preparation
Protein precipitation was performed using an Impact Protein Pre-
cipitation Plate.

Protein Precipitation

96-Well Plate: Impact Protein Precipitation Plate (Part No.: CE0-7565)
Part No.: CEO-7565
Dispense: 300 pL of cold 5% Meta Phosphoric acid into each well
Add: 100 pL of plasma or serum sample
Mix: 5x by aspirating with the same pipette tip
Centrifuge: the plate at 500 g for 5 minutes at 4°C. Collect purified
filtrate in the 96-well collection plate.

* A vacuum manifold may be used however 25” Hg vacuum pressure must be applied for up
to 10 minutes or until sample is completely pulled through the Impact plate.

After filtrate is collected, the collection plate containing the puri-
fied samples should be covered using a sealing mat. It is impor-
tant that a polypropylene collection plate be used because poly-
propylene displays minimal degradation as compared to other
plastics. The sample is now ready to be injected onto the LC/UV.

Because Vitamin C is light sensitive, the filtrate was transferred
to Verex™ 9 mm Screw-top, pVial i3 (Qsert) amber autosampler
vials (part no. AR0-3921-12) to protect from light. The vials were
placed on a cooled autosampler (4 °C) then 30 pL was injected
onto the HPLC system.
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HPLC Conditions
An Agilent® 1100 HPLC system (Agilent Technologies, Inc., Santa
Clara, CA, USA) was used for LC/UV analysis.

Column: Kinetex® 5 um XB-C18, 100A
Dimensions: 150 x 4.6 mm
Part No.: 00F-4605-E0
Guard: SecurityGuard™ ULTRA UHPLC C18 Cartridges
Guard Part No.: AJO-8768
Mobile Phase: A: 0.1 % Formic acid in water

B: Acetonitrile

Gradient: Time (min) %8B

0 0
3.5 0
3.6 100
5.0 100
5.1 0
7.0 0

Flow Rate: 800 pL/min
Temperature: Ambient
Detection: UV wavelength @ 245 nm
Injection: 30 pL

Standard Preparation

Standard curves were prepared using defibrinated human plasma
which was first prepared by following the same Impact™ protein
precipitation procedure outlined on pg. 1. Different concentra-
tions of Vitamin C standard solutions were then spiked in the Im-
pact extracted defibrinated plasma.

Results and Discussion

When developing a method for the analysis of Vitamin C in human
plasma, it was important that the method be rapid, sensitive, and
accurate. Traditionally, a protein precipitation step is used for fast
cleanup of plasma samples. Protein precipitation is normally per-
formed using a centrifuge tube or a 96-well collection plate; how-
ever, 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 commonly associated with protein precipitation, and can
also be automated. Protein precipitation was performed within
the wells of the Impact plate and sample was not allowed to pass
through the filter of the plate until centrifugal force was applied.
This ensured that the 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).
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Because Vitamin C is unstable at room temperature, we performed
stability studies using several different precipitation agents when
developing our precipitation method. Recent studies suggested
that Vitamin C samples extracted with 10 % Meta-phosphoric acid
were stable on a cooled autosampler at 4°C for at least 10 hours
with good precision. We tested several precipitation reagents in-
cluding:

¢ 10 % Meta-phosphoric acid

* 5% Meta-phosphoric acid

¢ 1.0 M/L Perchloric acid

® Acetonitrile (ACN) with 0.1 M/L Hydrochloric acid (HCI)
e ACN with 0.1 M/L Formic acid

e ACN with 0.2 M/L Formic acid

e Methanol with 0.1 M/L Formic acid

e Methanol with 0.2 M/L Formic acid

It was determined that Vitamin C was not stable under most of pre-
cipitation reagents tested. The amount of Vitamin C present in our
extracts declined dramatically within a few hours. However, prom-
ising results were seen when the plasma was extracted using 5%
Meta-phosphoric acid which yielded higher plasma Vitamin C lev-
els as compared to the 10 % Meta-phosphoric acid extraction. The
increased levels varied as we tested different individual’s plasma
(plasma 1 to 3, Figure 2). Although most of our plasma samples
resulted in increased levels of plasma Vitamin C in the 5% Meta-
phosphoric acid extraction, plasma 4 (defibrinated plasma) did not
show an increase (Figure 2).




TN-1152

Figure 2.

Comparison of human plasma Vitamin C levels from extractions using

10 % Meta-phosphoric acid vs. 5% Meta-phosphoric acid as a precipitation
solvent.
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After it was determined that extraction with 5% Meta-phosphoric
acid resulted in higher levels of plasma Vitamin C, further stability
studies were performed. It was found that Vitamin C extracted us-
ing this reagent produced samples that were stable for up to 48
hours. Vitamin C levels in all 3 plasma samples studies (plasma 1
to 3) declined less than 5% within 48 hours (Figure 3a). However,
significant declines in plasma Vitamin C levels were observed from
48 to 82 hours (Figure 3a). In contrast, plasma Vitamin C levels in
the 10% Meta-phosphoric acid extracted plasma samples were
stable for up to 24 hours for plasma samples 1 and 2 while plasma
sample 3 showed a 20 % increase in Vitamin C levels within the first
8 hours after extraction and continued to increase up to 48 hours
(Figure 3b). The defibrinated plasma sample, plasma 4, displayed
no Vitamin C under both extraction reagents from 0 to 82 hours,
indicating that there were no non-specific interferences to the Vita-
min C levels. After stability studies, it was determined that 5 % Me-
ta-phosphoric acid was the optimum precipitation reagent because
it produced high levels of plasma Vitamin C across several plasma
samples and showed the most stability during our 82 hour study.
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Figure 3a.
Vitamin C levels after plasma extracted with 5% Meta-phosphoric acid
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Figure 3b.
Vitamin C levels after plasma extracted with 10 % Meta-phosphoric acid
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After the plasma samples were cleaned up, Vitamin C was analyzed
by HPLC using a Kinetex® 5 ym core-shell XB-C18 HPLC column
equipped with a UV detector at 245 nm. Vitamin C is a very polar
compound (Figure 4) and is rather difficult to retain on a reversed
phase HPLC/UHPLC column however, the Kinetex core-shell XB-
C18 particle has an increased affinity for hydrogen bonding inter-
actions, making it an ideal column for retention of Vitamin C. The
Kinetex particle is based on core-shell technology which has a
homogenous porous shell grown onto a solid silica core, provid-
ing the 5 pym core-shell particle with efficiencies similar to a 3 pm
fully porous particle. The core-shell particle also provides faster run
times as compared to traditional, fully porous 5 um particles with
a total run time of under 3 minutes, with Vitamin C eluting at 2.731
minutes (Figures 5 and 6).
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Figure 4.
Chemical Structure of Vitamin C (ascorbic acid)
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A wavelength of 245 nm was selected as the optimal wavelength
for measuring Vitamin C because the signal generated using this
wavelength resulted in a signal that was 4 times higher than the
signal from UV 265 nm which had previously been published as the
maximum UV response for Vitamin C (Figure 5). A wavelength of
235 nm was also tested and the resulting signal was lower than the
signal produced using 245 nm (Figure 6).

Figure 5.
Optimized HPLC chromatogram using wavelength 245 nm for measuring

Vitamin C in human plasma (defribinated) by protein precipitation using the
Impact™ Protein Precipitation Plate
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Figure 6.
HPLC chromatogram of human plasma (defribinated) spiked with Vitamin C

at 50 pg/mL by protein precipitation using the Impact plate at various wave-
lengths
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After determining the ideal wavelength at which to perform our
analysis, endogenous levels of Vitamin C were studied alongside
spiked samples to ensure that the sample preparation and analysis
were fit for purpose (Figures 7a and 7b).

Figure 7a.

Comparisons of HPLC chromatograms of endogenous levels of Vitamin C
at 5 pg/mL from a random human plasma sample (plasma 3) alongside the
same sample spiked with an additional 3 pg/mL of Vitamin C standard, each
prepared by protein precipitation using the Impact plate
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Figure 7b.

Comparisons of HPLC chromatograms of endogenous levels of Vitamin C
at 5 yg/mL from a random human plasma sample (plasma 3) alongside the
same sample spiked with an additional 10 pg/mL of Vitamin C standard,
each prepared by protein precipitation using the Impact plate
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The reproducibility of our analysis was then determined by produc-
ing a standard curve of Vitamin C at a concentration range of 0 to
100 pg/mL (Figure 8). Not only was our method reproducible, it
also resulted in high recoveries of Vitamin C across several Vitamin
C concentration levels (Table 1), resulting in an average recovery
of 98 % with a CV of 4.8 % (n = 7). The intra-assy imprecision was
1.74 to 2.90% and inter-assay imprecision was 1.80 to 4.82%
(Table 2). A lower limit of detection (LOD) of 0.78 pg/mL and lower
limit of quantitation (LOQ) of 1.56 pg/mL showed a signal-to-noise
(S/N) ratio of 14.6 (Table 3 and Figure 9) and a mean S/N ratio of
14.21 (CV = 2.85%). Therefore, human plasma Vitamin C can be
accurately quantitated.

Figure 8.
Representative standard curve of Vitamin C at a concentration range of 0 to
100 pg/mL
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Table 1.
Recovery of Vitamin C from spiked human plasma

Added Vitamin C Observed Recovery
(wg/mL) (ng/mL) (%)
0 5.0 -

3 7.9 98.8

5 9.0 90.0

10 14.1 94.0

20 24.8 99.2
30 35.1 100.3
40 46.8 104.0
60 65.5 100.8

Mean 98.2

Ccv 4.8

Table 2.

Intra- and inter-day imprecision of plasma Vitamin C analysis

Intra Imprecision Inter Imprecision
(n=12) (n=6)
Mean | sp | ocv | Mean | SD % OV
(ng/mL)
QC1 1.1 0.0309 2.90 11 0.0532 4.82
QC 2 11.2 0.3552 3.16 11.1 0.3857 3.47
QC 3 34.1 0.5910 1.74 34.9 0.6290 1.80
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Table 3.
LOD, signal-to-noise ratio, and % CV of Vitamin C
LOD LOQ
1 0,
Corzce%:ﬁ)t on | /N (/:‘_(;\)/ Concentration | S/N | % CV
Hg Ratio | "= (Hg/mL) Ratio | (n=3)
Vitamin C 0.78 5.79 4.05 1.56 14.21 | 2.85

Figure 9.
Chromatogram of LOQ levels of plasma Vitamin C (1.56 pg/mL) with a
signal-to-noise ratio of 14.6
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Conclusion

High-throughput laboratories must adopt a rapid and robust
method to accurately analyze and quantitate vitamins and their
derivatives. With these goals in mind, we developed a method
that can be easily automated, can be used in high-throughput
labs, and provides sensitivity, speed, and reproducibility. The
sample preparation step using Impact™ Protein Precipitation
Plates is simple, requires no method development, and can
process 96 samples at once. The downstream HPLC analysis
using a Kinetex® 5 ym XB-C18 HPLC column provides excel-
lent peak shape, in under 3 minutes.
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Ordering Information

Impact™ Precipitation Plates

Part No. Description Unit

Impact Precipitation Plates

CE0-7565 Impact Protein Precipitation, Square Well, 2/box
Filter Plate, 2 mL

Impact Starter Kit for Protein Precipitation

CE0-8201 Impact Protein Precipitation Plate (2 ea) ea
Collection Plate 2 mL (2 ea)
Sealing Mat, Santoprene™ (AH0-8199) (2 ea)

Accessories

Collection Plates (deep well, polypropylene)

AHO-7192 96-Well Collection Plate 350 pL/well 50/pk
AH0-7193 96-Well Collection Plate 1 mL/well 50/pk
AH0-7194 96-Well Collection Plate 2 mL/well 50/pk
AHO0-8635 96-Well Collection Plate, 2 mL Square/Round-Conical 50/pk
AH0-8636 96-Well Collection Plate, 2 mL Round/Round, 8 mm 50/pk
AHO-7279 96-Well Collection Plate, 1 mL/well Round, 7 mm 50/pk
AHO0-8597 Sealing Mats, Pierceable, 96-Square Well, Silicone 50/pk
AHO0-8598 Sealing Mats, Pre-Slit, 96-Square Well, Silicone 50/pk
AHO0-8631 Sealing Mats, Pierceable, 96-Round Well 7 mm, Silicone 50/pk
AHO0-8632 Sealing Mats, Pre-Slit, 96-Round Well 7 mm, Silicone 50/pk
AH0-8633 Sealing Mats, Pierceable, 96-Round Well 8 mm, Silicone 50/pk
AH0-8634 Sealing Mats, Pre-Slit, 96-Round Well 8 mm, Silicone 50/pk
AH0-7362 Sealing Tape Pad 10/pk
AH0-8950 96-Well Plate Manifold, Universal with Vacuum Gauge ea
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Ordering Infomation
Kinetex® HPLC Columns
SecurityGuard™

SecurityGuard
5 pym Columns (mm ULTRA Cartridges* i

50 x 4.6 100 x 4.6 150 x 4.6 250 x 4.6

XB-C18 00B-4605-AN AJ0-8782 00B-4605-E0  00D-4605-E0  00F-4605-E0  00G-4605-EO0 AJ0-8768
for 2.1 mm ID for 4.6 mm ID
SecurityGuard
2.6 ym Analytical Columns (mm) ULTRA Cartridges*
100 x 4.6 150 x 4.6
XB-C18 00B-4496-E0 00C-4496-E0 00D-4496-E0 00F-4496-E0 AJ0-8768
for 4.6 mm ID
SecurityGuard
2.6 pm MidBore™ Columns (mm) ULTRA Cartridges
100 x 3.0 150 x 3.0
XB-C18 00A-4496-Y0 00B-4496-Y0 00C-4496-Y0 00D-4496-Y0 00F-4496-Y0 AJ0-8775
for 3.0 mm ID
SecurityGuard
2.6 pm Minibore Columns (mm) ULTRA Cartridges
100 x 2.1 150 x 2.1
XB-C18 00A-4496-AN 00B-4496-AN 00D-4496-AN 00F-4496-AN AJ0-8782
for 2.1 mm ID
SecurityGuard
1.7 pm MidBore Columns (mm) ULTRA Cartridges
100 x 3.0
XB-C18 00A-4498-Y0 00B-4498-Y0 00D-4498-Y0 AJ0-8775
for 3.0 mm ID

SecurityGuard
ULTRA Cartridges

1.7 um Minibore Columns (mm)

100 x 2.1 150 x 2.1

XB-C18 00D-4498-AN 00F-4498-AN

00A-4498-AN 00B-4498-AN

AJ0-8782
for 2.1 mm ID
*SecurityGuard ULTRA cartidges require holder, Part No.: AJ0-9000

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 compara-
tive data within 45 days for a FULL REFUND.

n Having trouble reproducing this method? We would love to help!
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Australia
: +61 (0)2-9428-6444
auinfo@phenomenex.com

-

Austria
+43 (0)1-319-1301
anfrage@phenomenex.com

x4

Belgium
: +32 (0)2 503 4015 (French)
: +32 (0)2 511 8666 (Dutch)
beinfo@phenomenex.com

- oo

Canada
: +1 (800) 543-3681
info@phenomenex.com

-

China
: +86 400-606-8099
cninfo@phenomenex.com

1

Denmark
: +45 4824 8048
nordicinfo@phenomenex.com

-

Finland
: +358 (0)9 4789 0063
nordicinfo@phenomenex.com

-

France
: +33 (0)1 3009 21 10
franceinfo@phenomenex.com

-

Germany
+49 (0)6021-58830-0
anfrage@phenomenex.com

x4

India
: +91 (0)40-3012 2400
indiainfo@phenomenex.com

-

Ireland
+353 (0)1 247 5405
eireinfo@phenomenex.com

x4

Italy
+39 051 6327511
italiainfo@phenomenex.com

x4

Luxembourg
+31 (0)30-2418700
nlinfo@phenomenex.com

24

www.phenomenex.com
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-

14

-

T

-

-

-

-

13

13

14

Mexico
01-800-844-5226
tecnicomx@phenomenex.com

The Netherlands

: +31 (0)30-2418700

nlinfo@phenomenex.com
New Zealand

+64 (0)9-4780951
nzinfo@phenomenex.com

Norway

: +47 810 02 005

nordicinfo@phenomenex.com
Portugal

+351 221 450 488
ptinfo@phenomenex.com

Singapore

: +65 800-852-3944

sginfo@phenomenex.com

Spain

: +34 91-413-8613

espinfo@phenomenex.com

Sweden

- +46 (0)8 611 6950

nordicinfo@phenomenex.com

Switzerland

: +41 61692 20 20

swissinfo@phenomenex.com

United Kingdom
+44 (0)1625-501367
ukinfo@phenomenex.com

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

All other countries
Corporate Office USA [@]
+1(310) 212-0555
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 http://www.phenomenex.com/TermsAndConditions.

Trademarks

Kinetex and Strata are registered trademarks of Phenomenex. Impact, Verex, MidBore, and
SecurityGuard are trademarks of Phenomenex. Agilent is a registered trademark of Agilent
Technologies, Inc. Santoprene is a trademark of Exxon Mobil Corporation.

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