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Results and Discussion
The organo silica chemistry of Kinetex EVO C18 enhanced the 
interaction between the stationary phase and liposoluble vitamins, 
resulting in greater selectivity for the two vitamers a and g 
tocopherol (Fig. 1).

The recovery (analyte recovery more than 92 % with CV 
between 2-9 %) of the three vitamins were best optimized under 
a neutral load condition (Fig. 2) followed by elution with a mixture 
of ethyl acetate and acetone in the ratio of 90 to 10 (Fig. 3).

Extraction of the human serum samples in the method 
development, required use of a larger bed mass of SLE Novum 
media.  The extent of cleanliness was much improved switching 
from Novum MINI to MAX (Fig. 4)1.

Introduction
We have developed a simple and reliable method to extract vita-
min A and E from human serum, using Novum SLE in conjunction 
with Kinetex 5 µm, EVO C18, 100 x 2.1 mm HPLC column.  A fast 
and effective LC-MS/MS method was developed to obtain the best 
selectivity of the vitamin A and E along with its two vitamers alpha 
and gamma Tocopherol.  A cleaner background was observed for 
both alpha and gamma under negative ionization mode.  By tak-
ing advantage of the polarity switching technique (from positive to 
negative ionization) after vitamin A elutes from the column, a much 
cleaner background, resolved in a higher signal for both vitamers of 
vitamin E under APCI mode.

We have developed a simple and reliable method to extract 
vitamin A and E from human serum, using Novum Simplified 
Liquid Extraction (SLE). A Kinetex 5 µm, EVO C18, 100 x 2.1 mm 
HPLC column was utilized to obtain the best selectivity of the 
two vitamers of vitamin E, alpha and gamma tocopherol along 
with vitamin A, while a polarity switching technique in mass 
spectrometric ionization was employed.
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 HPLC 
Column: Kinetex 5 µm EVO C18

Dimensions:  100 x 2.1 mm
Part No.: 00D-4633-AN

Mobile Phase: A: Water     
B: Isopropanol/acetonitrile (1:1)

Gradient: Time (min) B (%)
0 65
3.5 95
4 95
4.1 65
5.05 65

Flow Rate: 0.6 mL/min
Injection Volume: 5 µL

Temperature: Ambient
Instrument: Agilent® 1260

MS/MS Instrument
SCIEX Triple Quad™ 5000
APCI (Dual polarity)

Structures and LogP Values of Vitamin A and E

1. Vitamin A (retinol)  2. g-Tocopherol (vitamin E)  3. a-Tocopherol (vitamin E)

1. Sample Pre-treatment 
Dilute 200 µL Human serum with 100 µL isopropanol (IPA) and 
150 µL of water. Vortex 30 seconds.

2. Load 
Onto the Novum MAX 96-Well plate  
(P/N: 8E-S138-5GA). 
Apply a short pulse of vacuum for 10-15 seconds.

3. Wait 
5 minutes

4. Elution 
Dispense ethyl acetate/acetone (90:10), 2 x 900 µL (2 aliquots) 
to elute by gravity (~ 5 minutes) and collect the eluent. Apply 
vacuum at 5” of Hg for 20-30 secs to complete the extraction.

5. Dry down 
Evaporate the final extract to complete dryness under slow 
stream of nitrogen at 45 °C 

6. Reconstitute 
Dried residue in 200 µL of initial mobile phase 

Experimental Conditions
Sample Preparation
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The extraction efficiency of Novum was improved by increasing 
the surface area (larger bed mass of Novum MAX). The 
partitioning of target analytes from aqueous into the organic 
extraction solvent is highly dependent on mass transfer rate. 
More the surface area, better the aqueous can interact with the 
extraction solvent and higher the analyte transfer rate.

Larger elution volume applicability of Novum™ MAX media, 
ensured effective partitioning of target analytes from aqueous into 
the organic.

The linearity curve generated for vitamin A extraction from 
human serum, extended 1,000 fold dynamic range, covering the 

Figure 1.  
LC/MS/MS Analysis of Vitamin A and E Using Dual Polarity Technique in MS 
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Figure 2.  
Optimize Load Condition (Novum MINI, P/N: 8E-S138-FGA)
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Figure 3.  
Optimize (Novum MINI) Elution Condition Under Neutral Load)
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Improved recovery and cleanliness (92-110 %; CV=2-9 %) from Novum MAX 
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Figure 4.  
Recovery and Extent of Cleanliness Using the Optimized Large Load and Large 
Elution on Novum MAX

expected range (Fig 5). The linear regression value of 0.999 or 
greater reflects the robustness of the method.

Presence of endogenous level vitamin E (a and g tocopherol) 
observed in serum samples obtained from three different suppliers 
(Fig. 6). A food grade, albumin enriched, egg white was utilized 
to generate the linearity curve, that did not show any endogenous 
level (Fig. 6). The extracted curve for a and g tocopherol shows 
good linearity and correlation over 1,000 fold conc. range  
(Fig. 7 & 8).
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Figure 5.  
Linearity Curve of Vitamin A Extracted Samples on Novum MAX  
(Matrix: doubly-charcoal stripped serum)
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Figure 6.  
Presence of Endogenous Level of Vitamin E (a and g) from Serum (Three  
Different Sources) 

1. Vitamin A (retinol); 2. g-Tocopherol (vitamin E); 3. a-Tocopherol 
(vitamin E)
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Unadulterated Serum (Interference: Vit. A, a and g) 
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Doubly Charcoal-Stripped Serum (Interference: a and g)

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
98 194 291 388 485 581 657 735 813 891 969 min

0.0

5.0e5

1.0e6

1.5e6

2.0e6

2.5e6

3.0e6

3.5e6

4.0e6

4.5e6

5.0e6

5.4e6

23398

In
te

ns
ity

, c
ps

1

2

3

A
p

p
 ID

 2
33

98

Charcoal-Stripped Serum (Interference: Vit. A,  a and g)
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Figure 7.  
Linearity Curve of a-Tocopherol Extracted Samples on Novum™ MAX  
(Matrix: Egg White Albumin)
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Figure 8.  
Linearity Curve of g-Tocopherol Extracted Samples on Novum MAX  
(Matrix: Egg White Albumin)
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Conclusion
In this work we present a simple and yet efficient sample ex-
traction method for the analysis of vitamin A and E, using sup-
ported liquid extraction product, Novum MAX. The robustness of 
the method along with its simplicity and ease of use, showcases 
Novum as a viable alternative to the time consuming liquid liquid 
extraction (LLE) for clinical sample preparation.
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2.6 μm Minibore Columns (mm)
SecurityGuard™  

ULTRA Cartridges‡

30 x 2.1 50 x 2.1 100 x 2.1 150 x 2.1 3/pk
00A-4725-AN 00B-4725-AN 00D-4725-AN 00F-4725-AN AJ0-9298

for 2.1 mm ID

2.6 μm MidBore™ Columns (mm)
SecurityGuard  

ULTRA Cartridges‡

50 x 3.0 100 x 3.0 150 x 3.0 3/pk
00B-4725-Y0 00D-4725-Y0 00F-4725-Y0 AJ0-9297

for 3.0 mm ID

2.6 μm Analytical Columns (mm)
SecurityGuard  

ULTRA Cartridges‡

50 x 4.6 100 x 4.6 150 x 4.6 3/pk
00B-4725-E0 00D-4725-E0 00F-4725-E0 AJ0-9296

for 4.6 mm ID

1.7 μm Minibore Columns (mm)
SecurityGuard  

ULTRA Cartridges‡

50 x 2.1 100 x 2.1 150 x 2.1 3/pk
00B-4726-AN 00D-4726-AN 00F-4726-AN AJ0-9298

for 2.1 mm ID
‡ SecurityGuard ULTRA Cartridges require holder, Part No.: AJ0-9000

5 μm Minibore Columns (mm)
SecurityGuard™  

ULTRA Cartridges‡

30 x 2.1 50 x 2.1 100 x 2.1 150 x 2.1 3/pk
00A-4633-AN 00B-4633-AN 00D-4633-AN 00F-4633-AN AJ0-9298

for 2.1 mm ID

5 μm MidBore™ Columns (mm)
SecurityGuard  

ULTRA Cartridges‡

50 x 3.0 100 x 3.0 150 x 3.0 3/pk
00B-4633-Y0 00D-4633-Y0 00F-4633-Y0 AJ0-9297

for 3.0 mm ID

5 μm Analytical Columns (mm)
SecurityGuard  

ULTRA Cartridges‡

50 x 4.6 100 x 4.6 150 x 4.6 250 x 4.6 3/pk
00B-4633-E0 00D-4633-E0 00F-4633-E0 00G-4633-E0 AJ0-9296

for 4.6 mm ID

Kinetex® EVO C18 Core-Shell LC Columns
Ordering Information

Ordering Information

Accessories
Collection Plates (deep well, polypropylene)                                                   Unit
AH0-7192 96-Well Collection Plate, 350 µL/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
AH0-8635 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
AH0-7279 96-Well Collection Plate, 1 mL/well Round, 7 mm 50/pk
Sealing Mats
AH0-8597 Sealing Mats, Pierceable, 96-Square Well, Silicone 50/pk
AH0-8598 Sealing Mats, Pre-Slit, 96-Square Well, Silicone 50/pk
AH0-8631 Sealing Mats, Pierceable, 96-Round Well 7 mm, Silicone 50/pk
AH0-8632 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
Vacuum Manifold
AH0-8950 96-Well Plate Manifold, Universal with Vacuum Gauge ea

Novum™ Simplified Liquid Extraction (SLE)
Part No. Description Unit/Box
8E-S138-FGA Novum SLE MINI 96-Well Plate 1/Box
8E-S138-5GA Novum SLE MAX 96-Well Plate 1/Box 


