
Applications Newsletter  Volume 31.2

pg. 12
INCREASE REMOVAL OF 

FAT AND PIGMENT FROM 
AVOCADO EXTRACTS

pg. 18
LC-MS ANALYSIS OF 

WARFARIN IN  
PLASMA SAMPLES

Introducing 
UHPLC Columns

Setting a New  

Performance Standard

pg. 3



sigma-aldrich.com/analytical 

Reporter 31.2  |2

Table of Contents

 

Pharmaceutical

Introducing Titan UHPLC Columns:   
Setting a New Performance Standard . .3

Retention and Selectivity of Polar Neutral 

Molecules in Hydrophilic Interaction 

Liquid Chromatography (HILIC) . . . . . . . . .6

Physical Stability of a Gel Filtration 

Column for Antibody Analysis  . . . . . . . 10

Food and Beverage Analysis

Increase Removal of Fat and  
Pigment from Avocado Extracts  
Prior to GC-MS Analysis of Pesticide  
and Metabolite Residues . . . . . . . . . . . . . 12

GC Analysis of Omega 3 Fatty  
Acids in Fish Oil Capsules and  
Farm Raised Salmon . . . . . . . . . . . . . . . . . 14

Improved Reproducibility and  
Reduced Sample Preparation Time  
for the HPLC Analysis of Aflatoxins in  
Raw Peanut Paste . . . . . . . . . . . . . . . . . . . . 16

Clinical/Bioanalytical

Chiral and Achiral LC-MS Analysis of 
Warfarin in Plasma Samples . . . . . . . . . . 18

Labs Reduce Cost per Analysis,  
Increase Throughput and Improve  
LC-MS Data Consistency . . . . . . . . . . . . . 22

Chiral LC/MS Analysis of 
Methamphetamine in Urine  
on Astec® CHIROBIOTIC® V2 . . . . . . . . . . 24

Environmental

Capabilities of the Adsorbent  
Tube Injector System (ATIS) . . . . . . . . . . 26

General

Supelco Brand Certified  
Reference Materials . . . . . . . . . . . . . . . . . . . .9

Reporter
Volume 31.2

Introducing Supelco’s First UHPLC Columns

Dear Colleague:

Now a decade old, UHPLC — ultra high performance liquid chromatography — has 

become the performance standard for high speed liquid chromatography despite lagging 

behind conventional HPLC in total systems in use. UHPLC refers to very high pressure 

(above 6,000 psi) LC systems employing stationary phase particle sizes around two μm or 

smaller; hence the equivalence of “sub-2 μm” and UHPLC.

Chromatography theory predicts that UHPLC will provide superior resolution, sensitivity and 

speed, but obtaining these benefits requires taking a holistic approach to LC system design, 

which must be optimized for dispersion. For example, the size of flow cells and the length 

and internal diameter of the tubing is reduced, data acquisition rates for the detectors 

must be higher, and filter time constants must be optimized. Furthermore, UHPLC solvents 

must be carefully filtered using a 0.2 μm membrane and those who take shortcuts with 

their solvents sooner or later pay for it. Samples are filtered as well. Method development 

groups, which make hundreds of injections for one project, love UHPLC because the shorter 

run times, coupled with automation, allow them to conduct experiments that are more 

thorough in less time than with conventional HPLC. UHPLC systems are impressive in their 

ability to generate fast data and high quality; however, reliable and rugged consumables 

are needed to fully maximize the potential of these systems and minimize downtime.

With this in mind, I would like to introduce you to the UHPLC offerings available from 

Supelco. With its introduction at HPLC 2013, Titan™ UHPLC columns are the latest 

technology available in sub-2 μm format. Combining the advantages of fully porous 

particles and a mondisperse particle size distribution, the technology provides higher 

efficiency, better loading capacity, and lower backpressure than any equivalent column.

To learn more about this technology, read the article on page 3 of this issue. We also offer 

UHPLC grade solvents with the best quality and purity for UHPLC applications compared to 

any other solvent available. And lastly, our Supel™ Connect fittings provide fingertight (no 

tools required) reliable connections for UHPLC applications.

Kind regards,

Wayne Way 

Market Segment Manager, HPLC and LPLC 

wayne.way@sial.com

Wayne Way, Ph.D.

Market Segment Manager, 

HPLC and LPLC

sigma-aldrich.com/analytical

Visit us on the web at  

sigma-aldrich.com/thereporter

Cover Photo: 
Titan™ UHPLC columns provide the high 

performance scientists expect from  

UHPLC, but at greatly reduced cost.

Reporter is published four times a year by 

Supelco, 595 North Harrison Road, Bellefonte, 

PA 16823-0048.
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Introducing Titan UHPLC Columns:   
Setting a New Performance Standard

Introduction

The first decade of the new millennium has seen several important 

advancements in HPLC technology. 

Porous, spherical silica particles below 2 μm have become 

commercially available for the first time, and column efficiency 

has been doubled at the expense of a very significant increase in 

column pressure requirement.

Separation speed has more than doubled because the minimum in 

the plate height or van Deemter equation has almost disappeared, 

and efficiency of smaller particle columns can be maintained at 

higher flow velocities and higher pressures.

Instruments with a much higher pressure rating and lower internal 

volume were developed to efficiently use the new sub-2 μm 

particles and columns; the term ultra HPLC or UHPLC has been 

used to describe HPLC experiments with smaller particles and 

higher pressures.

Spherical silica particles with a 2.7 μm solid-core design appeared 

commercially to provide serious competition to sub-2 μm porous 

particles because the core-type design delivered similar, higher 

efficiency at much lower pressure.

Desmet1 and others have provided evidence that superior HPLC 

and UHPLC column performance for solid-core and other columns 

correlates well with a tighter particle distribution and lower A-term 

(also called eddy diffusion or multipath term) in the van Deemter 

equation. Presumably, the narrow size distribution (PSD) of ca. 6% 

relative standard deviation for Fused-Core® and other core-type 

particles allows preparation of more uniform column beds than 

traditional porous particles, which typically have a broader PSD of  

ca. 15-20% rsd (Figure 1).

Titan UHPLC columns are the outcome of the patent 

pending Ecoporous process, a process that provides an 

economical route to UHPLC grade silica. 

Figure 1. Particle Size Distribution Comparison for Different Silicas
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The Ecoporous™ process has been developed by Supelco to 

commercialize the first sub-2 μm porous silica for UHPLC that 

features a very narrow PSD of ca. 6% rsd. Called Titan™, the 1.9 μm 

porous particles do not require further sizing so no particle waste is 

generated by the new process. 

Figure 2 shows an SEM photo for the new Titan silica. Performance tests 

on Titan columns with 1.9 μm monodisperse, porous silica show that 

more than 300,000 N/m can be generated for small molecules with 

lower pressure drop than C18 columns with 1.7 or 1.8 μm C18 silica.

Figure 2. Titan 1.9 μm SEM Photo

(continued on next page)
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titan™ UHPlc Performance 
The very high performance of narrow PSD Titan 1.9 µm C18 columns 
in two popular geometries is shown in Figure 3. The van Deemter 
performance for a Titan column is compared in Figures 4a and 4b to 
smaller porous particles that have broader size distributions. Lower 
values for reduced plate height (h), which is plate height (H) divided 
by particle diameter, is very significant for Titan columns because it 
means that higher column efficiency is observed with larger particles 
which create lower pressure drop. Figures 4a and 4b demonstrate 
this efficiency advantage for Titan over commercial 1.8 and 1.7 µm 
porous particles. Figure 5 shows pressure drop for Titan and two other 
commercial columns. It confirms that Titan 1.9 µm column pressure is 
lower than 1.7 µm or 1.8 µm particle columns and is actually closer to a 
2.5 µm particle column. Figure 6 shows a separation of barbiturates on 
a Titan C18 10 cm x 2.1 mm column. The narrow PSD of Titan columns 
is expected to produce very rugged columns that hold up well in use 
over a range of UHPLC operating conditions.

figure 3. titan c18 Performance at different column Ids
 columns: Titan C18, 1.9 µm
 mobile phase: 50% acetonitrile
 temp: 35 °C
 det: 254 nm
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figure 4a. Performance (h) with small Neutral molecule

Competitor A C18, 1.8 µm

Competitor B C18, 1.7 µm

Titan™ C18, 1.9 µm

0

2

4

6

8

10

0 2 4 6 8 10 12

h

µ (mm/s)

Diazepam / Reduced Plate Height

Toluene / Reduced Plate Height

0

2

4

6

8

10

0 2 4 6 8 10 12

h

µ (mm/s)

Competitor A C18, 1.8 µm

Competitor B C18, 1.7 µm

Titan™ C18, 1.9 µm

Columns: 5 cm x 3.0 mm I.D., 60% acetonitrile (single column tests).

figure 4b. Performance (h) with Pharmaceutical molecule
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figure 5. Independent evaluation of titan Pressure drop
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Figure 6. Titan C18: Barbiturates

 column: Titan C18, 10 cm x 2.1 mm I.D., 1.9 μm (577124-U)

 mobile phase: 30:70, acetonitrile:0.1% ammonium acetate, pH 7.1

 temp: 35 °C

 det: 230 nm

 flow rate: 0.4 mL/min

 test mix: barbiturate test mix
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3. Phenobarbital

4. Cyclobarbital

5. Butabarbital

6. Amobarbital

Conclusions

Results indicate that higher performance to pressure ratio for Titan 

columns with very narrow PSD porous silica promises to become 

another important development in this era of rapid advancements in 

HPLC technology.

References

1. D. Cabooter, A. Fanigliulo, G. Bellazzi, B. Allieri, A. Rottigni, G. Desmet, J. of 

Chromatography A, 1217 (2010) 7074–7081.

2. R. A. Henry, H. K. Brandes, D. T. Nowlan and J. W. Best, Practical Tips for Operating 

UHPLC Instruments and Columns, LCGC North America, April 2013, Supplement.

  Featured Products

Description Qty.  Cat. No. 

Titan C18 Columns, 1.9 μm

2 cm x 2.1 mm 1 577120-U

3 cm x 2.1 mm 1 577121-U

5 cm x 2.1 mm 1 577122-U

7.5 cm x 2.1 mm 1 577123-U

10 cm x 2.1 mm 1 577124-U

3 cm x 3.0 mm 1 577125-U

5 cm x 3.0 mm 1 577126-U

Titan C18 Guard Cartridges, 1.9 μm

2.1 mm 3 577127-U

3.0 mm 3 577128-U

Titan Guard Cartridge Holder

Holder w/EXP Titanium Hybrid Ferrule  

(cartridge not included)

1 577133-U

Quality exceeding your expectations

LC-MS Ultra Solvents and 
Additives Designed for UHPLC

For more information or to request a LC-MS Ultra CHROMASOLV Solvents  

and Additives Brochure (OUX), visit  

sigma-aldrich.com/uhplc
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Retention and Selectivity of Polar Neutral 
Molecules in Hydrophilic Interaction Liquid 
Chromatography (HILIC)
David S. Bell, R&D Manager and Hugh Cramer, Applications Scientist

dave.bell@sial.com

Abstract

Analogous to reversed-phase chromatography, polar stationary 

phases used in hydrophilic interaction chromatography (HILIC) 

provide different interactions that can be exploited by the 

chromatographer to retain and separate various components of a 

mixture. Mechanisms of interaction in HILIC include partitioning, 

polar interactions and ionic interactions.1 Partitioning involves 

the phase transfer of polar analytes from an organic rich mobile 

phase into an adsorbed layer of water on the stationary phase. 

Polar interactions may then occur between the active surface or 

ligands of the stationary phase, and ionic interactions may occur 

between charged analytes and oppositely charged moieties on the 

phase. Stationary phase chemistries can be designed to heighten 

or attenuate the different mechanisms and thus impart alternative 

retention and selectivity. For example, bare silica has been shown 

to adsorb water in the presence of an organic rich mobile phase 

and thus provides the opportunity for an analyte to partition. Bare 

silica also exhibits, under certain pH conditions, negatively charged 

silanol functionalities that may interact strongly with positively 

charged analytes (ion-exchange). A pentafluorophenyl phase has 

been shown to exhibit very little partition, yet provides a high degree 

of ion-exchange potential.2 On the other end of the spectrum, a 

pentahydroxy stationary phase, due to the high degree of water 

retained by the surface, predominantly retains analytes through 

Table 1. Solubility and Ionization Constants for Nucleoside Probes*

LogD at pH

Name pKa(Most Acidic) pKa(Most Basic) 1.7 4.6 6.5 7.4 8

Cytidine 13.5 4.3 -4.02 -2.28 -2.18 -2.18 -2.18

Uridine 9.4 n/a -1.91 -1.91 -1.91 -1.92 -1.93

Inosine - T1** 0 8.7 -4.16 -4.16 -4.16 -4.18 -4.22

Inosine - T2 13.2 3.3 -3.6 -1.98 -1.95 -1.95 -1.95

Inosine - T3 8.9 1.6 -2.37 -2.19 -2.19 -2.21 -2.25

Guanosine - T1** 9.6 2.4 -2.62 -1.88 -1.88 -1.88 -1.89

Guanosine - T2 13.2 3.1 -3.13 -1.66 -1.64 -1.64 -1.64

5-Methyluridine 9.6 n/a -1.49 -1.49 -1.49 -1.49 -1.49

5-Methylcytidine 13.5 4.6 -3.69 -1.97 -1.78 -1.78 -1.78

7-Methylguanosine 6.8 -4 -6.12 -6.11 -5.79 -5.58 -5.54

Pseudouridine 8.5 -4.6 -1.2 -1.2 -1.21 -1.29 -1.48

3-Methylcytidine 13.3 8.9 -3.84 -3.84 -3.72 -3.29 -2.83

2-Thiocytidine 13 2.8 -2.48 -1.41 -1.4 -1.4 -1.4

1-Methyladenosine 13.2 6.1 -4.78 -3.52 -2.19 -2.05 -2.03

2'-O-methylcytidine 13.4 4.3 -3.25 -1.51 -1.38 -1.38 -1.38

*Calculated values from ACD/Percepta, v. 14.0.0 

**Inosine and guanosine exist as tautomers

Figure 1. Nucleoside Structures

O

N

OHHO

HO

N

O

NH2

N

HN

O
O

O

OHHO

HO

N

N

N

N

OH

O

OHHO

HO

NN

N
HN

O

O

H N

OHHO

HO

Cytidine Uridine Inosine Guanosine

N

HN

O
O

O

OHHO

HO

H

O

N

OHHO

HO

N

O

NH

H

S

O

N

OHHO

HO

N

NH2

N

N

N

N

NH

O

HO OH

HO

H

Ribothymidine 

(5-Methyluridine)

5-Methylcytidine 2-Thiocytidine 1-Methyladenosine

OHO

O

N

OHO

N

NH

H

NN

N
HN

O

O

H N

OHHO

HO

H

O

HN

O

NH

O

OHHO

HO

O

O

N

OHHO

HO

N

NH

H

2’-O-Methylcytidine 7-Methylguanosine Pseudouridine 3-Methylcytidine



7Order:  800-325-3010 (U.S.)    814-359-3441 (Global) 

partition mechanisms and shows relatively little ion-exchange 

capacity. Through an understanding of the basic interactions 

stationary phase chemistries provide, one can choose the right blend 

of interactions that best complements a given separation challenge.

In this study a set of nucleosides is used to demonstrate the utility 

of this approach. Nucleosides in general are polar molecules and are 

weakly basic, thus fall under the category of ‘polar neutrals.’ Cytidine, 

for example, exhibits a basic pKa value of 4.3; whereas, its most acidic 

pKa is 13.5. Below a pH of 4.3 the compound would predominantly 

carry a positive charge; however, under most HILIC conditions, the 

effective pH is such that the compound will be neutral. Figure 1 and 

Table 1 present the structures of the study analytes and pertinent 

physicochemical data, respectively. The set of compounds were 

screened using the stationary phases previously discussed under 

several HILIC conditions. As one would predict, only those phases 

exhibiting partition mechanisms proved useful.

Experimental

Retention and selectivity data were obtained for a set of twelve 

nucleosides run using Ascentis® Express OH5 (pentahydroxy), 

Ascentis Express F5 (pentafluorophenyl), and Ascentis Express  

HILIC (bare silica) with a variety of mobile phase modifiers and pH 

values. Note that the pH values listed are measured in aqueous 

solvent prior to addition of organic. Gradient elution from 95% 

acetonitrile to 80% acetonitrile was utilized with each modifier 

condition. Modifiers included 5 mM ammonium acetate at  

adjusted to pH values of 3, 4, 5 and 6.9 with formic acid and 0.1% 

formic acid alone. Chromatographic data was obtained at a flow  

rate of 0.6 mL/min, a temperature of 35 °C and UV detection at a 

wavelength of 250 nm. Sample mixtures (0.5 μL injections) ranging 

in individual concentrations from 10–100 μg/mL in water were used.

(continued on next page)

Figure 2. Screening Results for Nucleosides Using  

Ascentis Express OH5
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Figure 3. Screening Results for Nucleosides Using  

Ascentis Express HILIC
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molecules due to the lack of partitioning provided by this particular 

phase chemistry. It again appears that a few of the nucleosides are 

charged enough to retain on the F5 via ion-exchange mechanisms.

The screening data indicated that the OH5 column using a pH of 5 

provided the most selective and efficient starting point for further 

method development. These conditions were slightly refined to 

provide the useful separation shown in Figure 5.

Conclusions

HILIC chromatography is a complex system involving partition, 

polar and ion-exchange interactions. Method development can be 

greatly facilitated by understanding the interactions that the different 

stationary phases provide, and applying that knowledge to the 

separation task at hand. In this study, the Ascentis Express OH5, HILIC 

and F5 stationary phases are contrasted. The OH5 phase provides 

primarily partitioning mechanisms, the F5 phase provides primarily 

ion-exchange and the HILIC phase provides a blend of the two 

mechanisms. For a neutral set of molecules such as the nucleosides, 

only partition can be expected to provide interactions that result in 

retention and selectivity. Indeed, the OH5 and the HILIC phase were 

shown to be useful and worth the time to investigate.

References

1. W. Naidong, Journal of Chromatography B, 796 (2003) 209-224.

2. D.S. Bell, Jones, A. Daniel, Journal of Chromatography A, 1073 (2005) 99-109.

  Featured Products

Length HILIC (Si) F5 OH5

Ascentis Express HPLC Columns, 2.1 mm I.D., 2.7 μm

2 cm — 53592-U 53779-U

3 cm 53933-U 53566-U 53748-U

5 cm 53934-U 53567-U 53749-U

7.5 cm 53938-U 53568-U 53755-U

10 cm 53939-U 53569-U 53757-U

15 cm 53946-U 53571-U 53764-U

Figure 4. Screening Results for Nucleosides Using  

Ascentis Express F5

0.1% formic acid, pH 1.9

5 mM ammonium formate, pH 3.0

5 mM ammonium formate, pH 4.0

5 mM ammonium acetate, pH 5.0

5 mM ammonium acetate, pH 6.9
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Min

 column: Ascentis Express OH5, 10 cm x 2.1 mm, 2.7 μm (53757-U)
 mobile phase:  (A) 5 mM ammonium acetate, pH 5.0 with acetic acid in 95:5, 

acetonitrile:water; (B) 5 mM ammonium acetate, pH 5.0 with 
acetic acid in 80:20, acetonitrile:water

 gradient:  0% B held for 1 min; to 100% B in 10 min; held at 100% B for 1 min
 flow rate: 0.3 mL/min
 column temp.: 25 °C
 detector: UV at 250 nm
 injection: 2 μL
 sample: 10 – 100 μg/mL in 95:5, acetonitrile:water
 other information:  pH of buffer stock (in water) was adjusted before further 

dilution with water and/or acetonitrile

Figure 5. Optimized Separation of Nucleosides Using  

Ascentis Express OH5
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Results and Discussion

The majority of the chosen nucleosides are neutral within the useful 

chromatographic pH window and thus cannot interact via ion-exchange.  

In order to provide retention for the polar neutral molecules, the 

stationary phase must provide a partitioning mechanism. Both the 

Ascentis Express OH5 and HILIC phases are polar enough to adsorb 

water onto their surfaces, thus enabling the potential for partitioning 

to take place. Figures 2 and 3 show the screening results for the OH5 

and HILIC columns, respectively. Both phases provide good retention 

and selectivity for all of the probes.  It is interesting to note that the last 

three eluting compounds show increased relative retention on the 

HILIC phase as compared to the OH5 phase. The retention of these late 

eluters also vary with pH on the HILIC, but are relatively stable using the 

OH5. Both observations indicate some ion-exchange may be taking 

place and demonstrates the limited ion-exchange exhibited by the 

OH5 phase as compared to HILIC. The late eluting compounds were 

later identified as 1-methyladenosine (basic pKa 6.1), 3-methycytidine  

(basic pKa 8.9) and the permanently charged 7-methylguanosine. 

Figure 4 shows the same experiments run on the Ascentis Express F5.  

As expected, little or no retention is observed for the polar neutral 
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Supelco® Brand Certified Reference Materials
Vicki Yearick, Market Segment Manager, Analytical Standards and Alan Nichols, 

Manager, Research & Development and Marketing Analytical Standards

vicki.yearick@sial.com

Supelco reference standards 

have long been recognized by 

chemists around the world for 

their quality. Determined to 

further enhance our reference 

standards program, we pursued 

and obtained our ISO/IEC 17025 

and ISO Guide 34 accreditations.

Double accreditation represents the highest level of metrological 

achievement: The Gold Standard. Accreditation to ISO/IEC 17025 and 

ISO Guide 34 demonstrates our competency to manufacture and 

test certified reference materials (CRMs). Operating in accordance 

with these standards, however, does not automatically result in a 

credible quality system. Third party accreditation by ACLASS ensures 

that our organization’s quality system has been thoroughly inspected 

and objective evidence was examined demonstrating that the 

requirements of the standards have been met.

Cert.#  AT-1606 Cert.# AT-1607

Below are examples of recent Supelco CRM releases. A more 

complete list can be found at sigma-aldrich.com/crm.

  Featured Products

Description Qty.  Cat. No. 

Single Component Solutions

Benzene solution, 200 μg/mL in methanol 1 mL CRM48617

Benz[a]pyrene solution, 1000 μg/mL in acetone 1 mL CRM40071

Benz[a]pyrene solution, 200 μg/mL in  
dichloromethane

1 mL CRM48665

1,4-Dioxane solution, 2000 μg/mL in methanol 1 mL CRM48367

Fluorobenzene solution, 2000 μg/mL in methanol 1 mL CRM48943

Formaldehyde-DNPH solutions, 100 μg/mL  
in acetonitrile

1 mL 

5 x 1 mL

CRM47177 

CRM4M7177

Methyl tert-butyl ether, 2000 μg/mL in methanol 1 mL CRM48483

Naphthalene solution, 200 μg/mL in methanol 1 mL CRM48641

Toluene-d8 solution, 2000 μg/mL in methanol 1 mL CRM48593

Mixtures

HC BTEX Mix, 2000 μg/mL each component  
in methanol

1 mL CRM47993

Benzene

Ethylbenzene

o-, m- and p-Xylenes

Toluene

UST BTEX Mix, 200 μg/mL each component  
in methanol

1 mL CRM48026

Benzene

Ethylbenzene

o-, m- and p-Xylenes

Toluene

Description Qty.  Cat. No. 

HC BTEX/MTBE Mix, 2000 μg/mL each component 
in methanol

1 mL CRM47505

Benzene

Ethylbenzene

Methyl tert-butyl ether

o-, m- and p-Xylenes

Toluene

EPA 501/601 Trihalomethanes Calibration Mix

200 μg/mL each component in methanol

100 μg/mL each component in methanol

2000 μg/mL each component in methanol

1 mL

1 mL

1 mL

CRM48746

CRM47904

CRM48140

Bromodichloromethane

Bromoform

Chloroform

Dibromochloromethane

PAH Calibration Mix, 10 μg/mL each component 
in acetonitrile

1 mL CRM47940

Acenaphthene

Acenaphthylene

Anthracene

Benz[a]anthracene

Benzo[b]fluoranthene

Benzo[k]fluoranthene

Benzo[g,h,i]perylene

Benzo[a]pyrene

Chrysene

Dibenzo[a,h]anthracene

Fluoranthene

Fluorene

Indeno[1,2,3-c,d]pyrene

Naphthalene

Phenanthrene

Pyrene

EPA 610 PAH Mix, 2000 μg/mL each component in 
methylene chloride: benzene (1:1). Components same 
as CRM47940.

1 mL CRM48905

EPA Polynuclear Aromatic Hydrocarbons Mixture, 
varied concentrations in methanol:methylene 
chloride (1:1)

1 mL CRM48743

Acenaphthene, 1000 μg/mL

Acenaphthylene, 2000 μg/mL

Anthracene, 100 μg/mL

Benz[a]anthracene, 100 μg/mL

Benzo[b]fluoranthene, 2000 μg/mL

Benzo[k]fluoranthene, 100 μg/mL

Benzo[g,h,i]perylene, 200 μg/mL

Benzo[a]pyrene, 100 μg/mL

Chrysene, 100 μg/mL

Dibenzo[a,h]anthracene, 200 μg/mL

Fluoranthene, 200 μg/mL

Fluorene, 200 μg/mL

Indeno[1,2,3-c,d]pyrene, 100 μg/mL

Naphthalene, 1000 μg/mL

Phenanthrene, 100 μg/mL

Pyrene, 100 μg/mL

EPA 8260 Internal Standard Mix, 2000 μg/mL each 
component in methanol

1 mL CRM48958

Chlorobenzene-d5

1,4-Difluorobenzene

1,4-Dichlorobenzene-d4

Pentafluorobenzene

EPA 8270 Semi-Volatile Internal Standard Mix,  
2000 μg/mL each component in methylene 
chloride

1 mL

2 x 1 mL

5 x 1 mL

CRM46955

CRM48902

CRM5M07296

Acenaphthene-d10

Chrysene-d12

1,4-Dichlorobenzene-d4

Naphthalene-d8

Perylene-d12

Phenanthrene-d10

TCL Volatiles Mix, 2000 μg/mL each component in 

methanol:water (9:1)

1 mL CRM48949

Acetone

2-Hexanone

2-Butanone

4-Methyl-2-pentanone

Triazine Pesticide Standard Mix, 100 μg/mL each 

component in methanol

1 mL CRM48392

Ametryn

Atrazine

Prometon

Prometryn

Propazine

Simazine

Tertbutryn

  Related Information

To view the Supelco site’s ISO/ISE 17025 and ISO Guide 34 

certificates of accreditation and related scope of work, visit 

sigma-aldrich.com/iso
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Physical Stability of a Gel Filtration Column  
for Antibody Analysis
Roy Eksteen, Market Segment Manager, Biopolymer Separations

roy.eksteen@sial.com

Introduction

Independent of the mode of liquid chromatography, the lifetime 

of an HPLC or UHPLC column depends on the characteristics of the 

packing material, how that material was packed into the column and 

how the column was subsequently used by the operator. Clearly, 

when the structure of the packed column limits its use to a restricted 

set of chemical, physical or instrumental conditions, the operator 

needs to ensure that these limits are not exceeded during operation.

Most HPLC practitioners became experienced in their trade by 

working with reversed phase (RP) columns. The physical and 

chemical limitations of these columns are well known and the 

(relative) stability of RP columns has become the baseline when 

HPLC users think and talk about column lifetime. This practical 

knowledge about column stability needs to be relearned when 

working in other modes of HPLC, such as HILIC, ion exchange or size 

exclusion chromatography.

From a user’s perspective, it would be most desirable if no 

precautions would be required to obtain a long column lifetime. 

From a manufacturer’s perspective, such a column would be 

impossible to make and even if it could be made, such a column 

would be too costly to sell. Particle structure, bonded phase 

composition, number of injections, mobile phase, pH, flow rate, 

sample type/mass/volume, temperature, pressure, storage, cleaning 

protocol, etc. – all play a more or less important role in determining 

when to write the column’s inevitable obituary.

When it comes to gel filtration chromatography, particle stability 

and thus column stability is more of an issue than in reversed phase 

chromatography for the simple reason that the pore volume of SEC 

columns is maximized to provide optimal mass resolution, and the 

higher the pore volume the more fragile the particle.

When scientists at Tosoh Bioscience initiated a study on the stability 

of the TSKgel® G3000SWXL gel filtration column, they considered that 

column stability, among the many factors listed above, could also 

depend on the lot of silica and the bonding lot. Thus they exposed 

columns from different silica and bonding lots to a series of repetitive 

injections of standard proteins using mobile phase conditions that 

are typical for the quality control analysis of monoclonal antibodies. 

To (hopefully) demonstrate that when using normal care to prepare 

the mobile phase and sample solution the columns would show 

satisfactory lifetime, they did not protect the analytical column with 

a guard column nor with inline filters other than the ones that are a 

standard fixture in the HPLC system they used.

In this study we report on variations in column efficiency, peak 

symmetry, and retention when making 1,000 injections of a 10 μL 

standard mixture of globular proteins on five TSKgel G3000SWXL 

columns operated under standard operating conditions used in the 

quality control of monoclonal antibodies in therapeutic preparations. 

Characteristics of TSKgel G3000SWXL Columns

 particle size: 5 μm

 pore size: 250 Å

 bonded phase: diol-containing ligands

 protein calibration range: 10,000 – 500,000 Da

Chromatographic Conditions

 column:  TSKgel G3000SWXL, 30 cm x 7.8 mm I.D., 5 μm (808541)  
Results reported in this application include italicized column 
numbers only.

  1.  Silica lot A  
Bonding lot 08R: Columns S1237, S1238, S1239  
Bonding lot 09R: Columns S1261, S1262, S1263 

  2.  Silica lot B  
Bonding lot 30P: Columns S6210, S6211, S6212 

 mobile phase:  0.1 mol/L KH2PO4/Na2HPO4, pH 6.7, + 0.1 mol/L Na2SO4 +  
0.05% NaN3 

 flow rate: 1.0 mL/min 

 detection: UV@280 nm 

 temperature: ambient 

 injection vol.: 10 μL 

 samples: a.  TSKgel SWXL test mixture: thyroglobulin, γ-globulin, 
ovalbumin, ribonuclease A, p-aminobenzoic acid (pABA) 

  b.  Monoclonal antibody: BI-MAb-2 (Boehringer-lngelheim),  
4.5 g/L in glycine/sodium phosphate, pH 6.0 

 sample solvent:  100 mmol/L phosphate buffer, pH 6.7, unless mentioned 
otherwise. 

All chemicals and standards were obtained from Sigma-Aldrich® and 

were of electrophoretic or analytical grade. High-purity HPLC grade 

solvents were used for the preparation of stock standards, samples 

and mobile phases. 

Notes:

The small molecular weight compound p-aminobenzoic acid 

(pABA) is used to mark the mobile phase volume in the column, 

while the efficiency and peak symmetry of the pABA peak are 

indicators of the integrity of the packed bed.

Although it is recommended practice to protect the column from 

potential sources of contamination, no such precautions were 

made in this study. 

 – Standards and mobile phases were not filtered through a  

0.45 μm syringe filter. 

 – A frit filter was not used between injector and column. 

 – TSKgel G3000SWXL columns were not protected by a guard 

column in any of these studies. 

Results

The preliminary results of the Tosoh Bioscience study were presented 

in a poster at ISPPP 2011.1 Based on five TSKgel G3000SWXL columns 

tested, each column was stable for at least one thousand 10 μL  

injections of a protein standard mixture in 0.1 mol/L, pH 6.7 

phosphate buffer containing 0.1 mol/L sodium sulfate and 0.05% 

sodium azide, operated at 1 mL/min at room temperature.
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Table 1 contains results for column S1261 from silica lot A, bonding 

lot 09R. Retention times (min), column plate numbers and peak 

symmetry values for γ-globulin and p-aminobenzoic acid were found 

to be stable from the first till the 1,000th injection.

Table 1. Retention, Efficiency and Peak Symmetry  

at the 1st, 500th and 1,000th Injection

γ-Globulin p-Aminobenzoic acid

Inj. 1 Inj. 500 Inj. 1,000 Inj. 1 Inj. 500 Inj. 1,000

tR 8.065 8.027 8.065 12,635 12,647 12,618

N 2,021 2,002 1,847 32,483 33,187 32,381

AF 1.47 1.47 1.49 1.19 1.21 1.28

Table 2 shows that the relative standard deviations in retention, 

efficiency and peak symmetry for 100 injections (each tenth injection 

from # 10 to # 1,000), were well within the acceptable range. 

Table 2. %RSD (n=100) Over 1,000 Injections

%RSD of Peak Parameter Values for Each 10th Injection
During the 1,000 Injection Cycle (n=100)

Thyroglobulin γ-Globulin Ovalbumin Rib. A pABA

tR 0.16 0.21 1.05 0.2 0.28

N 5.48 5.27 2.4 2.87 1.7

AF 4.32 1.38 2.24 2.56 2.66

The data presented in Tables 1 and 2 were obtained from 

chromatograms such as those shown in Figures 1, 2 and 3. Figure 1 

shows the overlay of the first and 1,000th chromatogram on column 

S1261. Although some peak height changes can be observed, each 

component elutes in the same retention window and the shape of 

each peak in both chromatograms is similar.

Figure 1. Injection-to-Injection Reproducibility Within Column
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The chromatogram overlay in Figure 2 shows that each of the 

three columns from silica lot A, bonding lot 08R, provide almost 

identical chromatograms, in this case for the 250th injection on 

each column. Since the chemical and physical characteristics of the 

packing material in the columns are the same, these results are not 

unexpected, although they do demonstrate that the columns were 

not only fully functional after 250 injections, they are also a testament 

of the high degree of reproducibility of the packing procedure of the 

TSKgel G3000SWXL columns.

Figure 2. Column-to-Column Reproducibility Within Bonding Lot
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Finally, Figure 3 shows the loading capacity of a TSKgel G3000SWXL 

column for successive injections of 40 μg and 400 μg of a commercial 

monoclonal antibody preparation. The inset shows the details such as 

dimer and higher order aggregates as well as mAb fragments.

Figure 3. Loading Capacity of Monoclonal Antibody
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Conclusions

The preliminary results of this column stability show that of the five 

TSKgel G3000SWXL columns tested, each column was stable for at 

least one thousand 10 μL injections of a protein standard mixture in 

0.1 M, pH 6.7 phosphate buffer containing 0.1 M sodium sulfate and 

0.05% sodium azide, operated at 1 mL/min at room temperature. 

The efficiency (N) and peak symmetry (AF) values showed minimal 

variation from the first to the last (1,000th) injection indicating 

that the integrity of the packed bed was maintained throughout 

the experiment. Retention times of globular protein standards 

did not change while pumping 15 L mobile phase through the 

column, indicating that the integrity of the diol-bonded phase was 

maintained throughout the experiment.

Plate numbers, peak symmetry values and retention times for each 

protein studied showed minimal variation for TSKgel G3000SWXL 

columns prepared from the same bonding lot (three columns 

tested), different bonding lots (one column each of three lots 

tested) and different silica lots (one column each of two lots tested). 

Chromatographic parameters were also not affected when repeatedly 

injecting 0.4 mg of a monoclonal antibody preparation.

Reference

1. Atis Chakrabarti and R. Eksteen, Poster 2, presented at the 2011 ISPPP meeting, 

held in Alexandria, VA. The poster can be downloaded at sigma-aldrich.com/tsk
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Increase Removal of Fat and Pigment from 
Avocado Extracts Prior to GC-MS Analysis of 
Pesticide and Metabolite Residues
Katherine K. Stenerson, Principal Scientist and Jennifer Claus, Product Manager

jennifer.claus@sial.com

The health benefits of avocado are associated with its high content 

of healthy fat, fiber, vitamins and minerals. Avocado consumption 

in the United States has steadily grown, with sources of the fruit 

being both domestic and imported.1 The fat content of avocado 

is typically in the range of 10-15%, and this can pose a special 

analytical challenge when performing pesticide residue analysis. If 

not removed, fat compounds can interfere with analysis, resulting in 

elevated detection limits and contamination of LC and GC systems. 

The same issues can result from pigments; therefore, the effective 

removal of these compounds is also critical.

QuEChERS Cleanup Sorbents

QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) has 

become a very popular method for the extraction and cleanup of 

fruit and vegetable samples prior to pesticide residue analysis.2-4 

The extraction step uses a salt (such as magnesium sulfate) to drive 

compounds into acetonitrile, added as the extraction solvent. 

Cleanup is then accomplished using dispersive SPE (dSPE) with 

sorbents that include:

PSA (primary-secondary amine) – for removal of polar pigments, 

sugars, and organic acids

C18 – for removal of lipids and non-polar components

Graphitized carbon black – for removal of chlorophyll and 

carotenoids

It is common to use blends of cleanup sorbents based on the 

interferences that need to be removed. Due to the fat content of 

avocado, a PSA/C18 blend is appropriate for extracts intended for 

pesticide analysis.

Recently, a new cleanup sorbent, Supel QuE Z-Sep+, was developed. 

This sorbent consists of both C18 and zirconia bonded to the same 

silica particles. The C18 binds fats through hydrophobic interaction, 

while the zirconia acts as a Lewis acid, attracting compounds with 

electron donating groups, such as the hydroxyl (-OH) groups in 

mono and diglycerides.

Experimental

In this work, Z-Sep+ is compared to a PSA/C18 blend for effectiveness 

in the QuEChERS cleanup of avocado extracts prior to pesticide 

residue analysis by GC-MS. Extraction and cleanup procedures are 

summarized in Table 1. Multiple replicates of both unspiked and 

spiked avocado samples were processed. Spiked samples were 

prepared with a mixture of hydrophobic and polar pesticides, each 

at 20 ng/g. All extracts were analyzed by GC-MS using large volume 

injection (LVI). Quantitation was done using a calibration curve 

prepared with matrix-matched standards.

Table 1. Extraction and Cleanup Procedures

1. Place 3 g of a homogenized avocado sample into a 50 mL centrifuge tube 

(Cat. No. 55248-U). Add spike solution if a spiked replicate.

2. Add 25 mL of acetonitrile (Cat. No. 34481), and shake for one minute.

3. Add the contents of an Acetate Extraction Tube (Cat. No. 55234-U), and shake 

for one minute.

4. Centrifuge for five minutes.

5. Transfer 3 mL of the supernatant into the appropriate cleanup tube, Z-Sep+ 

(Cat. No. 55296-U) or PSA/C18 (Cat. No. 55229-U).

6. Shake for one minute, then centrifuge for three minutes.

7. Transfer 1 mL of the supernatant into an autosampler vial for GC-MS analysis.

Matrix Removal

Gravimetric analysis was performed on avocado extracts, cleaned 

and uncleaned, to determine the level of matrix residue remaining in 

the supernatants. This data is displayed in Figure 1. The results clearly 

show that significantly less residue remains in cleaned extracts, and 

Z-Sep+ sorbent removes more matrix than PSA/C18.

Figure 1. Amount of Matrix Residue Remaining
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Pigment Removal

Extracts were visually compared 

for color remaining after. As shown 

in Figure 2, less color remained in 

the extract cleaned with Z-Sep+. 

This indicates Z-Sep+ has a greater 

capacity for pigment removal than 

PSA/C18.

Figure 2. Avocado Extracts 

after Cleanup
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Chromatography

Figure 3 shows GC-MS total ion chromatograms (TICs) in full scan 

mode of uncleaned and Z-Sep+ cleaned avocado extracts. Much 

less background is observed in the TIC of the Z-Sep+ cleaned 

extract than the uncleaned extract. This indicates that Z-Sep+ can 

be effectively used to reduce unwanted matrix background in 

difficult samples such as avocado.
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 column: SLB®-5ms, 20 m x 0.18 mm I.D., 0.36 μm (28576-U) 
 oven: 70 °C (2 min), 15 °C/min to 325 °C (6 min) 
 inj. temp.: Programmed, 25 °C (0.89 min), 600 °C/min to 325 °C (5 min) 
 detector: MS Scan mode 
 carrier gas: helium, 1 mL/min constant 
 injection: 10 μL LVI, PTV solvent vent, rapid injection speed; split vent flow:  
  100 mL/min (5 psi) until 0.28 min, 60 mL/min at 2.78 min 
 liner: 4 mm I.D., split type, wool packed FocusLiner™ with  
  single taper design

Figure 3. GC-MS Chromatograms (same y-axis)

Pesticide Recovery

Use of a cleanup sorbent should not adversely affect the recoveries 

of the analytes of interest. This was studied for both Z-Sep+ and 

PSA/C18 by determining the average recovery and reproducibility 

of 3 replicate spiked avocado samples cleaned with each sorbent. 

The results are depicted in Figure 4, showing average % recovery 

and the recovery range obtained for each pesticide. Recovery was 

better for most pesticides using Z-Sep+. In the case of PSA/C18, 

matrix interference prevented analysis of cyfluthrin, cypermethrin 

and deltametrin. Reproducibility obtained with Z-Sep + cleanup was 

also better than PSA/C18, as indicated by the tighter recovery ranges 

indicated in Figure 4.

Figure 4. Average Recovery and Range (n=3)
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Conclusion

The data presented here indicates that Z-Sep+ sorbent can be 

effectively used to remove fat and pigment interferences from 

avocado, a high fat matrix. It was found to remove more matrix from 

avocado extracts than traditional PSA/C18 sorbent, and produce 

a lower background when analyzed using GC-MS. Recoveries of 

pesticides of polar and lipophilic character were good, indicating no 

adsorption problems for these analytes.
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  Featured Products

Description  Cat. No. 

Supel™ QuE QuEChERS Products

Acetate Extraction Tube, 12 mL, 50 ea. 55234-U

Z-Sep+ Cleanup Tube, 12 mL, 50 ea. 55296-U

PSA/C18 Cleanup Tube, 12 mL, 50 ea. 55229-U

Empty Centrifuge Tube, 50 mL, 50 ea. 55248-U

SLB®-5ms Capillary GC Column

20 m x 0.18 mm I.D., 0.36 μm 28576-U

Analytical Solvents

Acetonitrile, for pesticide residue analysis 34481

  Related Information

To view our pesticide resources for food and beverage analysis, visit  

sigma-aldrich.com/food-pesticides

Did you know . . .

Our QuEChERS technical resources and additional Supel QuE product 

information can be accessed at sigma-aldrich.com/quechers
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GC Analysis of Omega 3 Fatty Acids in  
Fish Oil Capsules and Farm Raised Salmon
Katherine K. Stenerson, Principal Scientist; Michael R. Halpenny, R&D Technician; 

Leonard M. Sidisky, R&D Manager; and Michael D. Buchanan, Product Manager

mike.buchanan@sial.com

The speculated health benefits from the consumption of omega 3 

fatty acids are numerous.1 Variants that appear to be most important 

in human physiology are:

C18:3n3, α-linolenic acid (ALA)

C20:5n3, eicosapentaenoic acid (EPA)

C22:6n3, docosahexaenoic acid (DHA)

The purpose of the work published here was to identify the omega 3 

fatty acids in two different sources of fish oil. Only a single sample of 

each source was processed, so this work should not be considered a 

definitive comparison of profiles between these source types.

Experimental

The samples analyzed for this work were as follows:

1. Fish oil capsule purchased locally, listed as containing EPA, DHA, 

and “other” Omega 3.

2. Atlantic salmon filet (farm raised), purchased frozen and  

vacuum packed.

The fish oil capsule was prepared for analysis using alkali hydrolysis 

followed by methylation as described in AOAC Method 991.39.2  

The mixture was blanketed with nitrogen throughout the extraction 

process to prevent oxidation of the polyunsaturated fatty acids. 

The salmon sample underwent acid digestion, alkali hydrolysis, 

and methylation as described in AOCS Official Method Ce 1k-09.3 

Butylated hydroxytoluene (BHT) was added to the salmon sample as 

an antioxidant prior to extraction. The methylation procedure used in 

both methods converts fatty acids to fatty acid methyl esters (FAMEs) 

prior to analysis. All extracts then were concentrated to 1 mL prior to 

gas chromatography (GC) analysis.

Two capillary GC columns of slightly different selectivities were used 

for analysis. Conditions were according to AOAC 991.39 and AOCS Ce 

1i-07 methods.2,4 This was possible as both methods share the same 

set of run conditions. Peak identification was done by retention time 

matched to standards. This data was published previously.5

Results and Discussion

Sardine and anchovy were listed as the fish sources on the fish oil 

capsule packaging. Based on published fatty acid compositional data 

for these types of fish oils, C16:0 and C20:5n3 (EPA) were expected 

to be the most abundant FAMEs present, followed by C16:1, C18:1, 

and C22:6n3 (DHA).6 The chromatogram of the fish oil capsule extract 

is shown in Figure 1, and matches the expected pattern. The C14:0 

peak detected was from the sardine portion of the oil. This fatty acid 

is of much lower abundance in anchovy oil.

Figure 1. Fish Oil Capsule

 columns: Omegawax®, 30 m x 0.25 mm I.D., 0.25 μm (24136)

  SLB®-IL60, 30 m x 0.25 mm I.D., 0.20 μm (29505-U)

 oven: 170 °C, 1 °C/min to 225 °C

 inj. temp.: 250 °C

 detector: FID, 260 °C

 carrier gas: helium, 1.2 mL/min

 injection: 1 μL, 100:1 split

 liner:  4 mm I.D., split/splitless type, wool packed single taper 
FocusLiner™ design
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Figure 2 shows the chromatogram of the farm raised Atlantic salmon. 

Published fatty acid composition for salmon oil indicates C22:6n3 

(DHA), C18:1, and C20:5n3 (EPA) as the most abundant, followed by 

C16:0, C16:1, C18:0, C20:1, and C22:1.6 The profile obtained for this 

sample does not match this pattern, although all the listed fatty acids 

were detected. Specifically, high levels of C14:0, C18:1, and C18:2 

relative to C22:6n3 (DHA) and C20:5n3 (EPA) were observed, which 

may be the result of the specific diet the fish were fed.

Good peak shapes were observed with both GC columns for these 

analytes. Because both columns have similar selectivity, elution order 

was comparable, but not exact. With the SLB-IL60:

The elution of C22:6n3 (DHA) before C22:5n3  

was observed

The partial co-elution of C20:4n3 and C20:5n3 (EPA) occurred
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These highlight the differences in analyte-stationary phase 

mechanisms between the columns. Lastly, an overall faster elution  

(31 minutes compared to 52 minutes) was obtained with the SLB-IL60.

Figure 2. Farm Raised Atlantic Salmon

Peak IDs and conditions are the same as Figure 1.
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Conclusion

The data presented here provide an indication of the different 

omega 3 fatty acids that may be found in two different sources of 

fish oil. Only a single sample of each source was processed, so this 

work should not be considered a definitive comparison of profiles 

between these source types. Two GC columns of slightly different 

selectivity were used to generate chromatograms with subtle elution 

order changes, indicating these phases for analysts who wish to 

perform confirmatory analysis.

Did you know . . .

You can visit sigma-aldrich.com/gc-offers to learn how to obtain 

30% off SLB-IL60 columns. Offer not valid in Argentina, Brazil, China, 

India and Japan.
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  Featured Products

Description  Cat. No. 

GC Columns

Omegawax®, 30 m x 0.25 mm I.D., 0.25 μm 24136

SLB®-IL60, 30 m x 0.25 mm I.D., 0.20 μm 29505-U

Analytical Reagents and Solvents

Sodium chloride, BioXtra, >99.5% S7653

Sodium hydroxide, purum p.a., >97.0% 71692

BF3-Methanol, 10% (w/w), 10 x 5 mL 33040-U

Methanolic HCl, 3 N, 10 x 3 mL 33051

n-Hexane, for pesticide residue analysis 34484

Methanol, CHROMASOLV® for HPLC, >99.9% 34860

Extraction Glassware

50 mL single neck, round bottom flask, 24/40 female Z414484

Modified Friedrichs condenser, 30 cm L x 54 mm O.D., 24/40 male Z553654

  Related Information

To view our food and beverage fats analysis, visit   

sigma-aldrich.com/food-fats

To learn more about our ionic liquid GC columns, visit  

sigma-aldrich.com/il-gc

Food and Beverage Analysis Guide
This 32-page application guide illustrates innovative technologies that can be leveraged to 

provide viable solutions to simplify sample preparation, and increase speed and sensitivity  

for many food and beverage applications.

To request your copy, visit 

sigma-aldrich.com/lit-request
To learn more about Sigma-Aldrich  

solutions for food analysts, visit   

sigma-aldrich.com/food
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Improved Reproducibility and Reduced Sample 
Preparation Time for the HPLC Analysis of 
Aflatoxins in Raw Peanut Paste
K. G. Espenschied, R&D Technician and Jennifer E. Claus, Product Manager

jennifer.claus@sial.com

Introduction

Aflatoxins were isolated and characterized during the 1960’s after 

the deaths of over 100,000 turkey poults on farms in Great Britain 

from what had been referred to as “Turkey X” disease.1,2 Aflatoxins are 

mycotoxins, structurally related compounds produced as secondary 

metabolites by Aspergillus molds, primarily flavus and parasiticus.3,4  

Investigations in Great Britain traced Turkey X disease to mold 

contaminated peanut meal imported from Brazil.1,2

Although more than a dozen aflatoxins exist, the four major toxins of 

interest are B1, B2, G1 and G2. They are designated according to their 

fluorescent properties. Aflatoxin B1 and B2 emit in blue wavelengths, 

while G1 and G2 emit in yellow-green wavelengths.3

Aflatoxins have been shown to be toxic in animals and humans. The 

target organ is the liver (aflatoxins are hepatocarcinogens). Once 

produced, aflatoxins are relatively stable compounds in a broad range 

of environments. They may persist as contaminants in grains, feeds 

and nuts, regardless of processing or cooking. Of particular interest 

is aflatoxin B1, the single aflatoxin listed by the International Agency 

for Research on Cancer (IARC) as a Group 1 carcinogen.5-8 Because of 

these findings, and because aflatoxins are ubiquitous in important 

agricultural commodities including maize and peanuts (ground nuts), 

they are some of the most intensely studied mycotoxins.3

The US FDA and international regulatory agencies have set 

contamination levels for aflatoxins in animal feedstuffs.3,9 Since 

Aspergillus may infect commodities pre-harvest, during storage or 

during processing, monitoring for aflatoxins in associated agricultural 

commodities at all stages of production is requisite.3,4 Field screening 

methods exist that are adequate to estimate contamination levels for 

aflatoxins. When additional confirmation or quantification is desired, 

chromatographic laboratory analysis is often necessary.3 Preparation 

of matrix samples prior to chromatographic analysis typically requires 

extraction and purification. Commonly, immunoaffinity columns (IAC), 

which employ a multi-step bind and elute mechanism to concentrate 

and purify aflatoxins, are used to purify matrix samples for subsequent 

analysis. Solid phase extraction (SPE), an alternate method which 

may use interference removal, can also be employed. For this article, 

aflatoxin sample purification methods utilizing IAC and SPE cleanup 

methods were compared in order to evaluate sample processing 

time, product performance, and process simplicity.

Experimental

Acetonitrile:deionized water, 84:16 (100 mL) was combined with 

25 g of aflatoxin-free peanut paste. The mixture was blended at 

high speed for three minutes then vacuum filtered using a ceramic 

Büchner funnel and qualitative filter paper. After processing, the 

filtered extract was allowed to stand for 48 hours in order to allow 

suspended peanut oils to settle out of the mixture.

The matrix extract samples were spiked with 2 μL/mL of Aflatoxin 

Mix 4 solution (Cat. No. 34036), ultimately giving concentrations of 

16 ppb for B1 and G1, and 4 ppb for B2 and G2. A solution consisting 

of 84:16, acetonitrile:deionized water was identically spiked and 

used for standard samples. Standards were prepared by transferring 

200 μL of this solution to a sample vial, followed by dilution with 

880 μL deionized water. The mixture was vortexed and analyzed 

with matrix samples.

Sample purification procedures comparing cleanup with a leading 

brand of IAC columns to SPE cleanup using Supel™ Tox AflaZea 

cartridges (n=3) are summarized in Table 1. The time required for 

each procedure was recorded and averaged. Chromatographic 

analysis was performed by HPLC with florescence detection using 

a Discovery® C18 column and a KOBRA electrochemical cell for 

aflatoxin derivatization.

Table 1. Sample Cleanup Procedures Using Supel Tox AflaZea 

SPE Cartridges and Immunoaffinity Columns (n = 3)

Immunoaffinity Column

 1. Configure manifold for waste collection

 2. Add 1 mL sample to 17 mL phosphate buffered saline and vortex

 3. Uncap/mount/drain columns, set drop rate

 4. Prime columns with 2.5 mL of loading solution

 5. Attach 20 mL reservoirs to columns and apply remaining sample

 6. Pass remaining solution through cartridge at approximately  

1-2 drops/second

 7. Remove interferences by rinsing column with 20 mL of deionized water 

 8. Discard waste eluate and install culture tubes for sample collection

 9. Elute samples using 3 x 1 mL 100% acetonitrile 

(Close control valves between each 1 mL and allow several seconds for 

solvent contact with phase before eluting. 1-2 drops/second)

 10. Evaporate collected samples to dryness at 40 °C with nitrogen stream

 11. Reconstitute residue using 1 mL 84:16, acetonitrile:deionized water

 12. Transfer 200 μL of reconstitute to silane treated sample vial

 13. Dilute with 880 μL of deionized water and vortex

Preparation for HPLC analysis complete. Time Elapsed 60 minutes.
Supel Tox AflaZea SPE Cartridge

 1. Configure manifold for sample collection into appropriate collection tubes

 2. Load 2 mL of spiked sample extract onto SPE cartridges 

 3. Elute into collection tubes using 6-10” Hg vacuum

 4. Transfer 200 μL of purified sample into sample vial

 5. Add 880 μL deionized water to transferred sample and vortex 10 seconds

Preparation for HPLC analysis complete. Time Elapsed 6 minutes.
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Results

Analyte Recovery

The average percent recoveries and %RSD values were compared for 

IAC and SPE purification techniques. Figure 1 illustrates that Supel Tox 

AflaZea SPE cartridges gave higher analyte recoveries of B1, G1, B2 and 

G2 than the IAC columns used in this study. Also, as shown by the error 

bars, the %RSD was much lower for the SPE purification than the IAC 

purification, indicating that the SPE cartridges demonstrated better 

reproducibility than IAC for the analysis of aflatoxins in peanut paste.

Figure 1. Cleanup of Aflatoxins in Peanut Paste: Supel Tox 

AflaZea SPE Cartridges Vs. Immunoaffinity Columns
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Sample Preparation (Time and Ease of Use)

As illustrated in Table 1, the use of the Supel Tox AflaZea SPE 

cartridges for sample cleanup was 10 times faster than that of the 

IAC columns. Use of the SPE cartridges eliminated the need for buffer 

solution, waste collection glassware, manifold reconfiguration, and 

equipment necessary to evaporate samples to dryness; making the 

SPE cartridges more user friendly than the IAC columns.

Chromatography

Figure 2 shows a comparison of SPE cleanup to IAC cleanup. 

Background response was negligible, and there was no significant 

difference in response when using SPE versus IAC methods. 

Therefore, the SPE method demonstrated sample cleanup 

performance equivalent to the IAC purification.
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Supel Tox AflaZea Cartridge

Immunoaffinity Column

 column: Discovery C18, 15 cm x 2.1 mm I.D., 5 μm (50495521)

 mobile phase:  (A) water; (B) acetonitrile; (C) methanol; (72:12:12, A:B:C) with 0.780 g 
potassium bromide and 230 μL nitric acid

 derivatization: KOBRA electrochemical cell

 flow rate: 0.400 mL/min

 temp.: 35 °C

 det.: florescence detector, excitation: 360 nm. emission: 440 nm

 injection: 40 μL

Figure 2. Spiked Peanut Paste Extracts After Cleanup 

1. Aflatoxin G2

2. Aflatoxin G1

3. Aflatoxin B2

4. Aflatoxin B1

Conclusion

These tests illustrated that sample preparation using Supel Tox 

AflaZea SPE cartridges for cleanup was faster and simpler compared 

to the IAC cleanup method. Because there were fewer steps needed 

to accomplish the SPE method, less variability was introduced into 

sample preparation, giving a more reproducible method. Also, the 

time associated with sample prep using SPE was far less than that 

associated with IAC, allowing for an ultimate increase in sample 

throughput. In addition, labware, reagents, and necessary equipment 

to perform sample preparation were minimal when using SPE. In this 

study, Supel Tox AflaZea SPE cartridges demonstrated superiority 

over IAC columns in terms of process simplicity, time required for 

sample preparation, and control of variation while maintaining the 

same sample cleanup performance associated with IAC purification.
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  Featured Products

Description  Cat. No. 

Supel Tox AflaZea SPE Cartridge

6 mL, 30 ea 55314-U

Discovery C18 HPLC Column

15 cm x 2.1 mm I.D., 5 μm particle size 50495521

Aflatoxin Mix 4 Solution

0.5 μg/mL B2 and G2 plus 2 μg/mL B1 and G1 in acetonitrile 34036

Analytical Solvents

Acetonitrile for HPLC, ≥99.9% 34851

  Related Products

Description  Cat. No. 

Supel Tox SPE Cartridges

DON SPE Cartridge, 6 mL, pk of 30 55316-U

Tricho SPE Cartridge, 6 mL, pk of 30 55308-U

TrichoBind SPE Cartridge, LRC, pk of 25 55307-U

FumoniBind SPE Cartridge, LRC, pk of 25 55315-U

OchraBind SPE Cartridge, LRC, pk of 25 55318-U

Ascentis® Express C18 HPLC Columns

10 cm x 2.1 mm I.D., 2.7 μm particle size 53823-U

15 cm x 2.1 mm I.D., 2.7 μm particle size 53825-U

Visit our food and beverage/toxins resources at 

sigma-aldrich.com/food-toxins
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Chiral and Achiral LC-MS Analysis of  
Warfarin™ in Plasma Samples
Tracy L. Ascah, Senior Product Manager and Craig R. Aurand, Senior Scientist

craig.aurand@sial.com

Clinical laboratories are beginning to reap the benefits of LC-MS in 

terms of its sensitivity, specificity, throughput, and potential to reduce 

cost per sample. The purpose of this study was to demonstrate the 

LC-MS analysis of Warfarin in plasma samples utilizing chiral and 

achiral (reversed-phase) chromatography and effective sample prep 

to remove endogenous phospholipids.

Clinical Interest in Warfarin

Warfarin, sold under brand names Coumadin®, Jantoven® and others, 

is still the most widely prescribed oral anticoagulant for treatment 

and prevention of thrombosis and thromboembolism despite the 

introduction of newer drugs.1 The pharmacological effect of Warfarin 

is derived from its ability to inhibit the enzyme vitamin K epoxide 

reductase, thereby reducing circulating levels of vitamin K which is 

required in the clotting process.2

An estimated two million new Warfarin prescriptions are issued each 

year in the U.S.2 In spite of its popularity, there are some downsides to 

Warfarin, including a relatively narrow therapeutic index, interactions 

with other clinically important drugs, side effects, genetic variation in 

Warfarin metabolism, frequent migration of blood levels outside the 

therapeutic range, bleeding events, and variability in time to reach 

therapeutic levels.3 These, and the fact that Warfarin is the second 

leading cause of drug-related emergency room visits, make it a 

commonly analyzed compound in the clinical lab.4

Warfarin is a chiral compound comprising an equal mixture of (R) 

and (S) enantiomers (Figure 1). (S)-Warfarin is considerably more 

potent and pharmacologically active than (R)-Warfarin. The two 

enantiomers are metabolized by different pathways involving several 

cytochrome P450 (CYP) enzymes. Active biochemical research is 

aimed at predicting Warfarin metabolism based on the patient’s CYP 

(especially CYP2C9) genotype.3

Figure 1. Structures of Warfarin Enantiomers

(S)-(-)-Warfarin (R)-(+)-Warfarin
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CH3

O O

OH O

CH3

Improved LC-MS Analysis of Warfarin and  

Warfarin Enantiomers

Monitoring of total Warfarin in the blood helps ensure positive 

patient outcomes after heart attacks, surgery and other medical 

procedures or conditions where blood clotting must be controlled. 

Measuring post-dose levels of Warfarin enantiomers in the blood 

is of clinical research interest because it gives an indication of the 

patient’s Warfarin metabolic profile, which may help physicians make 

more informed decisions about therapeutic regimens for patients 

undergoing long-term Warfarin therapy. 

The clinical implications and importance of therapeutic drug 

monitoring of Warfarin necessitate reliable and sensitive analytical 

methods, like UHPLC-MSn, to detect and quantify Warfarin and its 

enantiomers in serum. In this study, we report on the use of specific 

analytical consumables – sample prep devices, HPLC, UHPLC 

columns and solvents, and certified reference materials – that have 

been designed to maximize sensitivity, throughput and reliability of 

bioanalytical and clinical analyses. 

Figure 2. Rapid HPLC Separation of Warfarin Enantiomers  

on Astec CHIROBIOTIC V

 LC-MS system: Agilent® 1290, 6210 TOF

 column: Astec® CHIROBIOTIC® V, 10 cm x 4.6 mm I.D., 5 μm (11022AST)

 mobile phase: (A) 0.1% formic acid (pH unadjusted); (B) acetonitrile, 75:25 (A:B)

 flow rate: 1 mL/min

 column temp.: 35 °C

 detection: ESI+, 100-1000 m/z 

 sample:  Warfarin standard, 300 ng/mL in 75:25 (1% formic acid 
acetonitrile:water)

 injection: 2 μL 
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2. (S)- (-)-Warfarin

Figure 3. Calibration Curve Obtained for Warfarin Enantiomers

Conditions same as Figure 2.
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Experimental

Standard Solutions

Standard solutions were prepared from a stock standard in (3:1) 1% 

formic acid acetonitrile:water at a level of 20, 50, 100, 200, 300 and 
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500 ng/mL. The use of Cerilliant® Certified Reference Material grade 

Warfarin ensured reliable quantitation.

Preparation and Extraction of Plasma Samples

Rat plasma stabilized with K2EDTA was acquired from Lampire 

Biological Laboratories (Pipersville, PA). Plasma was spiked directly 

from stock standard to a level of 400 ng/mL.

HybridSPE®-Phospholipid 96-well method: Apply 100 μL of spiked 

plasma to the well, followed by 300 μL of 1% formic acid in 

acetonitrile. Agitate via vortex for four minutes, place on vacuum 

manifold and apply 10" Hg vacuum for four minutes. Collect filtrate 

and analyze directly.

Standard protein precipitation method: Apply 100 μL of plasma to 

centrifuge vial, followed by 300 μL of 1% formic acid in acetonitrile. 

Agitate via vortex for four minutes, place vial in centrifuge and spin at 

15,000 rpm for two minutes. Collect supernatant and analyze directly.

Analyte concentration of final sample work up in both techniques 

was equivalent to 100 ng/mL.

Phospholipid Monitoring

Processed spiked plasma samples were analyzed for target drug 

and metabolites along with associated matrix interference. 

Phospholipids were monitored over a range of both lyso and glycero 

phospholipids (lysophosphatidylcholines at 496.3 and 524.3 m/z; 

glycerophosphocholines at 758.5, 786.5, 806.5 and 810.5 m/z).

Figure 4. Analysis of Warfarin Enantiomers in Plasma Following Sample Prep Using Protein Precipitation
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Conditions same as Figure 2 except:

 sample/matrix:  rat plasma, unfiltered K2-EDTA, spiked with Warfarin at 100 ng/mL 
(3:1, plasma:1% formic acid in acetonitrile)

Gray: Monitoring analytes

Red: Monitoring phospholipids

(continued on next page)

Figure 5. Analysis of Warfarin Enantiomers in Plasma following Sample Prep using HybridSPE®-Phospholipid
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Conditions same as Figure 2 except:

 sample/matrix:  rat plasma, unfiltered K2-EDTA, spiked with Warfarin at 100 ng/mL 
(3:1, plasma:1% formic acid in acetonitrile)

 injection: 2 μL 

 SPE device: HybridSPE-Phospholipid, 96-well plate (575656-U)

 sample addition:  to each well add 100 μL plasma, followed by a 300 μL of 1% formic 
acid in acetonitrile, agitate on orbital shaker for four minutes

 elution: attach collection plate and apply vacuum at 10" Hg for four minutes

Gray: Monitoring Warfarin

Red: Monitoring phospholipids
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Figure 7. Achiral HPLC Analysis of Warfarin in Plasma following Sample Prep using Protein Precipitation
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 sample/matrix:  rat plasma, unfiltered K2-EDTA, spiked with Warfarin at 100 ng/mL 
(3:1, plasma:1% formic acid in acetonitrile)

 LC-MS system: Agilent 1290, 6210 TOF

 column: Ascentis® Express C18, 10 cm x 2.1 mm I.D., 2.7 μm (53823-U)

 mobile phase:  (A) 5 mM ammonium formate, pH 4.2 with formic acid; (B) 5 mM 
ammonium formate in 95:5 acetonitrile:water, 50:50 (A:B)

 flow rate: 0.3 mL/min

 column temp.: 35 °C

 detection: ESI+, 100-1000 m/z 

 sample:  Warfarin spiked at 100 ng/mL in 3:1 (plasma:1% formic acid in 
acetonitrile)

 injection: 2 μL

Gray: Monitoring Warfarin

Red: Monitoring phospholipids, standard protein precipitation

Blue: Monitoring phospholipids, HybridSPE-Phospholipid method

Chromatography

Reversed-phase (achiral) separation of Warfarin was carried out 

on an Ascentis® Express Fused-Core® C18 column. The benefit of 

this column for UHPLC/LC-MS users in clinical, bioanalytical, or 

forensic laboratories is high speed for high sample throughput, high 

efficiency for high s/n ratio, and ruggedness to stand up to biological 

samples without fouling or overpressuring. The UHPLC-like benefits 

of speed and sensitivity of the Ascentis Express columns is attainable 

on any HPLC system. 

The chiral separation of Warfarin enantiomers was achieved on 

an Astec® CHIROBIOTIC® V chiral stationary phase (CSP). Four 

features of the macrocyclic glycopeptide chiral selectors behind 

the CHIROBIOTIC phases, in this case vancomycin, make them ideal 

for LC-MS operation in a clinical or bioanalytical laboratory setting. 

First, they operate in aqueous and polar organic mobile phases 

that are amenable to polar drugs and metabolites. Second, they 

possess ionic interactions and provide chiral selectivity under mobile 

phase conditions that promote analyte ionization. In fact, Astec 

CHIROBIOTIC columns are distinct from other CSPs in their suitability 

for ESI-MS detection. Third, they are covalently bonded to the 

silica surface for durability and long column lifetime. Fourth, chiral 

separations on Astec CHIROBIOTIC columns are typically very fast, 

promoting laboratory throughput.

Results

Chiral LC-MS analysis of the Warfarin reference solution appears in 

Figure 2. The calibration curve in Figure 3 showed excellent linearity 

of both enantiomers over the monitored range of 20 to 500 ng/mL.  

Figures 4 and 5 compare protein precipitation and HybridSPE-

Phospholipid extraction techniques, respectively. Samples processed 

with the standard protein precipitation method (Figure 4) exhibited 

decreasing response of both enantiomers. This was due to sample 

matrix fouling of the mass spec source and not direct overlap of 

phospholipid interference. No matrix fouling was observed with 

the HybridSPE-Phospholipid method (Figure 5). This difference 

is reflected in the recovery data found in Table 1 and Figure 6, 

both of which show higher and more consistent recovery of both 

enantiomers when using the HybridSPE-Phospholipid method.  

(A comprehensive explanation of matrix effects from endogenous 

phospholipids and the principle behind the unique HybridSPE-

Phospholipid method appear in reference 5.)

Table 1. Improved Recovery of Warfarin Using HybridSPE-

Phospholipid Compared to Protein Precipitation

(+)-Warfarin (-)-Warfarin

HybridSPE-Phospholipid

Average* 102.9% 97.6%

% c.v. 5.5 11

Protein Precipitation

Average* 80.8% 77.4%

% c.v. 12.3 14.6

* n = 15

Figure 6. Consistent LC-MS Response of Warfarin Following 

HybridSPE-Phospholipid Extraction

0

20

40

60

80

100

120

0 5 10 15 20

%
 R

e
co

v
e

ry

Injection #

HybridSPE

Standard PPT



21Order:  800-325-3010 (U.S.)    814-359-3441 (Global) 

25% Off Certified Low Adsorption Vials
Supelco’s Certified Low Adsorption, Center Drain (CD™), MRQ30, and QsertVial™ products 

offer the benefit of maximum sample extraction without the worry of trace analytes being 

adsorbed by the vial surface.

Specify promo code Z01 when you order. Offer expires September 30, 2013. Not valid in 

China, Japan, Argentina, Brazil and India.

For more information, visit  

sigma-aldrich.com/lavials

Regarding the achiral (reversed-phase) HPLC method, Figure 7 

shows the chromatograms for monitored ions of Warfarin and total 

phospholipid content using standard protein precipitation (red trace) 

or the HybridSPE-Phospholipid sample prep method (blue trace). 

Notice the direct coelution of Warfarin with a major phospholipid peak 

along with the intensity difference between target analyte and matrix. 

This overlap with high abundance of matrix can significantly reduce 

the response of target analytes. However, by using the HybridSPE-

Phospholipid sample prep method, there is no coelution of matrix 

components within the Warfarin retention window (or anywhere 

within the run, for that matter).

Conclusions

LC-MS is an important tool used by clinical, forensic and bioanalytical 

researchers to monitor Warfarin and a host of other exogenous and 

endogenous compounds. It is important that they have analytical 

tools that will maximize the amount and reliability of information 

gathered from the patient samples, while also maintaining high 

laboratory throughput and robust operation of the LC-MS/MS 

system. Reducing matrix interferences, especially endogenous 

phospholipids, can greatly improve LC-MS sensitivity, recovery, 

and reduce instrument downtime. The study presented here 

demonstrated excellent recovery of racemic Warfarin and the 

individual enantiomers by using the HybridSPE-Phospholipid 

technique. Rapid and efficient chiral and achiral separations were 

obtained using Astec® CHIROBIOTIC® and Ascentis Express HPLC 

columns, respectively. As with all LC-MS and UHPLC-MS analyses, 

the solvent and additive purity does impact the sensitivity and 

robustness of the method, so it is strongly recommended to use  

LC-MS Ultra CHROMASOLV grade solvents.6 Finally, reliable 

quantitation, so important for obtaining true patient levels, is 

achieved only by using Certified Reference Materials, like those 

provided by Cerilliant. 
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  Featured Products*

Description  Cat. No. 

Ascentis Express C18, 10 cm x 2.1 mm, 2.7 μm particles  53823-U

Astec CHIROBIOTIC V, 10 cm x 4.6 mm I.D., 5 μm particles 11022AST

HybridSPE-Phospholipid 96-well Plate, bed wt. 50 mg, volume 2 mL 575656-U

Acetonitrile, LC-MS Ultra CHROMASOLV, tested for UHPLC-MS,  

1 L, 2 L

14261

Water, LC-MS Ultra CHROMASOLV, tested for UHPLC-MS, 1 L, 2 L 14263

Methanol, LC-MS Ultra CHROMASOLV, tested for UHPLC-MS, 1 L, 2 L 14262

Trifluoroacetic acid, LC-MS Ultra eluent additive, 1 mL, 2 mL 14264

Formic acid, LC-MS Ultra eluent additive, 1 mL, 2 mL 14265

Ammonium formate, LC-MS Ultra eluent additive, 25 g 14266

Ammonium acetate, LC-MS Ultra eluent additive, 25 g 14267

Warfarin, 1.0 mg/mL in acetonitrile, 1 mL ampule,  

Certified Reference Material

W-003

(R)-(+)-Warfarin, 10 mg (neat) UC213

(S)-(−)-Warfarin, 5 mg (neat) UC214

* Our complete offering of solvents, reagents, columns, sample prep and other 
consumables to maximize speed and sensitivity in bioanalysis can be found at  
sigma-aldrich.com/bioanalysis. 
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Case Study: Labs Reduce Cost per Analysis, Increase 
Throughput and Improve LC-MS Data Consistency
Lori Fields, Product Manager

lori.fields@sial.com

Introduction:  LC-MS Analysis of Biological Samples

Phospholipids are a major component of all cell membranes; and 

phospholipid contamination has been identified as one of the 

principal causes of ion-suppression when performing LC-MS analysis 

of small molecules in biological samples. They also buildup on 

analytical columns, elute unpredictably in downstream analyses and 

increase the need for sample reprocessing.  

Due to their impact on data quality, many labs want to remove 

phospholipids prior to LC-MS analysis. Business needs, however, do 

not allow for an increase in sample prep costs and processing times. 

Labs often find themselves forced to make economic decisions at the 

expense of data quality.

Challenges

Phospholipid-induced ion suppression negatively impacts LC-MS 

data quality and reproducibility

Unremoved phospholipids buildup on analytical columns

Traditional sample prep methods do not remove phospholipids

Phospholipid removal adds cost and time to sample prep 

Hydrophobic analytes pose problems for most phospholipid 

removal products

Not only does phospholipid-induced ion suppression impact LC-MS 

data accuracy and reproducibility, but phospholipids also buildup 

on analytical columns and increase the frequency of column 

replacement. Unfortunately, traditional sample prep methods, such 

as protein precipitation (PPT) and liquid-liquid extraction (LLE), do 

not remove phospholipids. In addition, SPE which can be both costly 

and time-consuming, only provides nominal phospholipid removal.  

Phospholipid removal products efficiently remove phospholipids 

and reduce ion-suppression; however, they also double sample 

prep cost and processing time as compared to standard protein PPT. 

Furthermore, the hydrophobic retention mechanisms employed in 

most phospholipid removal products are problematic when working 

with hydrophobic analytes, requiring analysts to perform method 

development to find a balance between effective phospholipid 

removal and recovery of the hydrophobic analyte(s).

Solution

Implementation of HybridSPE®-PLus methodology for sample prep 

of biological samples prior to LC-MS analysis 

HybridSPE-PLus provides a simple, proven method for the removal 

of both precipitated proteins and phospholipids. Unlike competitive 

phospholipid removal products, its unique Lewis acid/base retention 

mechanism can provide efficient phospholipid removal and good 

recoveries of both hydrophobic and hydrophilic analytes.

Studies conducted to determine the number of LC-MS injections 

that can be obtained for samples processed via standard protein 

precipitation, and samples processed with HybridSPE-PLus prior to 

column replacement showed a 10-fold difference in replacement 

frequency between the two sample prep methods.  Samples 

processed via standard protein precipitation showed a >20% drop 

in analyte response after approximately100 injections; whereas, 

the same samples processed via HybridSPE-PLus showed minimal 

decline in analyte response at >1,000 injections.  

Benefits

Reduce overall cost 

Reduce overall processing time 

Improve LC-MS reproducibility

Decrease need for sample reprocessing

By implementing HybridSPE-PLus for sample prep of all biological 

samples prior to LC-MS analysis, labs can offset increased sample 

prep costs and processing times associated with phospholipid 

removal with a 10-fold reduction in analytical column costs and time 

associated with column replacement, conditioning and equilibration.

Figure 1. Overall Cost per Analysis
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Assuming column costs of $500 per column, sample prep costs of 

~$1 per sample for protein precipitation and ~$2 per sample for 

HybridSPE-PLus plates, total costs of processing 1,000 samples would 

be $6,000 for samples processed via standard protein precipitation 

(with column replacement every 100 injections) and $2,500 for 

samples processed via HybridSPE-PLus (with column replacement 

every 1,000 injections). That is a difference of $3.50 per sample. 

sigma-aldrich.com/bioanalysis
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Figure 2. Time Savings per Analysis
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Similarly, although the standard HybridSPE-PLus plate methodology 

adds up to 5 minutes to the sample prep time required for every 

~100 samples as compared to standard protein precipitation, this is 

greatly offset by the reduction in time spent replacing, conditioning 

and equilibrating columns. For every 1,000 samples processed via 

HybridSPE-PLus plates, an additional 50 minutes is required for 

sample prep plus 20 minutes for column replacement, conditioning 

and equilibration.  Meanwhile, 200 minutes are required for column 

replacement, conditioning and equilibration when processing 

those same 1,000 samples using standard protein precipitation. 

Overall processing time per sample is reduced by ~0.13 minutes 

per sample when HybridSPE-PLus plates are used for sample prep. 

Implementation of HybridSPE-PLus plates therefore provides a 

solution that allows labs to achieve both their economic and data 

quality objectives.

All Your LC-MS Needs In One Place

In addition to our HybridSPE-Phospholipid technology, we provide 

the following premier selection of proven tools and consumables for 

your entire sample prep and LC-MS workflows. 

Ascentis® Express HPLC/UHPLC Columns improve throughput 

and sensitivity, allowing you to process more samples

LC-MS Mobile Phase Solvents and Additives pre-tested for LC-MS 

applicability

LC-MS Ultra CHROMASOLV Solvents, Blends and Additives 

suitable for UHPLC-MS

Cerilliant® Certified Spiking Solutions® and Certified Reference 

Materials manufactured and tested specifically for use as reference 

standards for laboratories performing bioanalysis, therapeutic drug 

monitoring, diagnostic and toxicology testing

Biocompatible SPME fibers and probes for LC analysis of difficult 

or precious samples in biological matrices

Supel™-Select SPE cartridges and well-plates for sample prep needs

ASTEC® CHIROBIOTIC® CSPs for enantiomer separations under RP 

and LC-MS conditions

Low adsorption vials for LC-MS applications

  Featured Products

Description Qty.  Cat. No. 

HybridSPE-PLus Plate Essentials Kit

Includes HybridSPE-PLus 96-well plate (575659-U), one 

plate cap mat (as in 575680-U), one sealing film (as in 

Z721581) and one collection plate (as in Z717266)

1 52818-U

HybridSPE-PLus 96-Well Plates

50 mg/well 1

20

575659-U

575673-U

HybridSPE-Phospholipid Small Volume 96-Well Plates

15 mg/well 1

20

52794-U

52798-U

HybridSPE-Phospholipid Cartridges

HybridSPE-Phospholipid Ultra Cartridge, 30 mg/1 mL 100 55269-U

HybridSPE-Phospholipid Cartridge, 500 mg/6 mL 30 55267-U 

HybridSPE-Phospholipid Cartridge, 30 mg/1 mL 100 55261-U 

HybridSPE-Phospholipid Cartridge, 30 mg/1 mL 200 55276-U

Plate Accessories

Round Well Cap Mat, Pierceable for HybridSPE-PLus 50 575680-U

96 Round/Deep Well Collection Plate, PP for 

HybridSPE-PLus

60 Z717266

96 Well-Plate Pre-cut Sealing Films 100 Z721581

Supelco PlatePrep Vacuum Manifold 1 57192-U

96-well Protein Precipitation Filter Plate (for offline 

protein precipitation)

1 55263-U

Cartridge Accessories

Visiprep™ DL Solid Phase Extraction Cartridge Manifold

12-Port Model

24-Port Model

1

1

57044

57265

Visiprep Solid Phase Extraction Cartridge Manifold 

12-Port Model

24-Port Model

1

1

57030-U

57250-U

Disposable Valve Liners, PTFE (for Visiprep DL Manifold) 100 57059

Equipment

KNF Laboport® Vacuum Pumps 1 Inquire

SPE Vacuum Pump Trap Kit 1 57120-U

SPE Manifold Gauge/Bleed Valve, Remote  

In-Line Design

1 57161-U

IKA® VORTEX 3, vortex mixer (230 V) 1 Z654779

IKA VORTEX 3, vortex mixer (115 V) 1 Z654760

Precipitation Solvents, Blends and Additives

LC-MS CHROMASOLV® Acetonitrile ≥99.9% 250 mL,  

1 L, 2.5 L

34967

LC-MS CHROMASOLV Methanol ≥99.9% 1 L, 2.5 L 34966

LC-MS CHROMASOLV Acetonitrile with 0.1%  

formic acid

2.5 L 34668

Formic acid puriss p.a., eluent additive for LC-MS 10 x 1 mL, 

50 mL

56302

Ammonium formate, puriss p.a., eluent additive  

for LC-MS

50 g 55674

Citric Acid, ACS Reagent Grade, ≥99.5% 5 g, 100 g,  

500 g,  

2.5 kg, 12 kg

251275

To find out how you can cut your overall costs, increase throughput, 

and improve consistency of your LC-MS analyses, visit  

sigma-aldrich.com/hybridspe-pl
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Chiral LC/MS Analysis of Methamphetamine  
in Urine on Astec® CHIROBIOTIC® V2
Differentiation of Illicit D-Methamphetamine from Over-the-Counter 

L-Methamphetamine by LC-MS

Methamphetamine (Figure 1) is a powerful stimulant, often used 

as a recreational drug of abuse or as a doping agent in sports. Its 

presence in urine is screened for by enzymatic immunoassays and 

confirmed using a hyphenated mass spectrometry chromatographic 

method. However, this molecule exists in two enantiomeric forms, 

L-methamphetamine (or levo-methamphetamine), a vasoconstrictor 

used in the formulation of over-the-counter medications such as 

Vicks® Vapor Inhaler and D-Methamphetamine, the illicit stimulant.1 

Immunoassay does not differentiate between the legal and illicit 

versions and therefore will report a positive finding if either are 

detected in the specimen above cutoff concentrations. The same 

holds true for reverse-phase LC-MS techniques that are commonly 

used in toxicology for drug of abuse quantitation.

Figure 1. Structure of D- and L-Methamphetamine
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This poses a problem when analyzing specimens from patients who 

are using the legal decongestants or medications such as selegiline 

and fenproporex, which may metabolize to methamphetamine.2 To 

confirm which molecule is present in a specimen testing positive 

by immunoassay for methamphetamine, a chiral LC-MS method 

was developed using an Astec CHIROBIOTIC V2 HPLC column. 

The method was applied to real patient samples allowing such 

differentiation with an extremely high level of accuracy.

Experimental

Standard (rac)-methamphetamine and (L)-methamphetamine were 

purchased from Cerilliant, TX, U.S.A. Urine samples were obtained 

from patients visiting pain management clinics and as part of a 

random drug-testing program aimed at monitoring for prescription 

compliance. All specimens were stored at -4 °C and thawed on the 

morning prior to analysis. For analysis by chiral LC-MS/MS, samples 

were processed as follows: To a 125 μL aliquot was added 1 mL of 

diethyl ether. The diluted sample was vortexed for 30 minutes and 

centrifuged at 10,000 rpm for 10 minutes. A 500 μL aliquot of the 

organic supernatant was evaporated to dryness at 56 °C in a heating 

block. The dried extracts were resuspended in 0.5 mL of starting 

mobile phase and 10 μL were injected onto the column. Analysis of 

patient samples was preceded by the injection of an authentic spiked 

standard sample containing both enantiomers in methanol (D:L, 1:3).

The liquid chromatography system (Waters® AQUITY UPLC®, Waters, 

Milford MA, U.S.A.) was run in isocratic mode, without temperature 

control using an Astec CHIROBIOTIC V2 column (25 cm x 4.6 mm,  

5 μm) from Sigma-Aldrich/Supelco, Bellefonte, PA, U.S.A. The mobile 

phase consisted of 0.05% w/v ammonium trifluoroacetic acid in 

water:methanol (5:95, v/v) and the flow rate was set at 1 mL/min. 

Total run time was 13.00 minutes. Retention times were 10.75 

and 11.62 min for D- and L-methamphetamine, respectively. The 

mass spectrometer (MS, Waters) was operated in ESI+ and MRM 

modes. The two following transitions were monitored for positive 

identification of both enantiomeric compounds, 150.0 91.0 and 

150.0 119.0. Peak smoothing and integration were carried out 

to determine relative ratios using the MassLynx™ software. D- and 

L- peak assignments were established by comparison of retention 

times with the spiked standard sample.

Results

Chiral separation of D- and L-methamphetamine using the Astec 

CHIROBIOTIC V2 column and the methanol-ammonium trifluoroacetic 

acid mobile phase was successfully applied to the analysis of real 

patient urine samples that had previously been identified as positive 

for methamphetamine by quantitative analysis on a C18 column. 

Figure 2 provides chromatographic traces of standards as well as 

several patient samples. Trace 1 in the figure shows a 1:3 standard 

mixture of D- and L-methamphetamine, respectively. Traces 2 

through 4 show the response of D-methamphetamine in patient 

samples, indicating illicit use of the drug by these patients. The 

L-methamphetamine response in Trace 5 indicates legal use of  

OTC-derived L-methamphetamine.



25Order:  800-325-3010 (U.S.)    814-359-3441 (Global) 

Figure 2. Chiral LC-MS/MS Separation of D- and 

L-Methamphetamine Enantiomers on Astec CHIROBIOTIC V2

 sample/matrix:  Urine extracted as described in experimental section. Final 
concentration of spiked standards in Trace 1 represents 500 ng/mL 
(D-methamphetamine) and 1,500 ng/mL (L-methamphetamine)  
in urine

 column: Astec CHIROBIOTIC V2, 25 cm x 4.6 mm, 5 μm (11024AST)

 mobile phase: 0.05% ammonium trifluoroacetic acid in water:methanol (5:95, v/v)

 flow rate: 0.45 mL/min

 column temp: ambient (20-22 °C)

 detector: MS, ESI(+), MRM, 150.0/91.0, 150.0/110.0

 injection: 250 μL

Trace 1: 1:3, D:L-Methamphetamine Standard

Trace 2: Patient Sample – ILLICIT, 

D-Methamphetamine Positive

Trace 3: Patient Sample – ILLICIT, 

D-Methamphetamine Positive

Trace 4: Patient Sample – ILLICIT, 

D-Methamphetamine Positive

Trace 5: Patient Sample – LEGAL, 

L-Methamphetamine Positive
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Conclusion

Screening studies for illicit drugs require confirmation.  In the 

case of methamphetamine, the positive results from screening 

studies are often the result of metabolism of prescribed 

therapeutics or the inability of the method to differentiate between 

D-methamphetamine and the enantiomer, L-methamphetamine, 

found in OTC medications. Astec CHIROBIOTIC V2 is shown to 

efficiently separate methamphetamine enantiomers using  

LC/MS-compatible conditions allowing sensitive differentiation of 

stereoisomer forms present in urine.
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  Featured Products

Description  Cat. No. 

Astec CHIROBIOTIC V2, 25 cm x 4.6 mm, 5 μm 11024AST

(±)-Methamphetamine, 100 μg/mL in methanol, 1 mL ampule M-022*

R(-)-Methamphetamine (levo-Methamphetamine), 1.0 mg/mL 

in methanol, 1 mL ampule

M-024*

S(+)-Methamphetamine (dextro-Methamphetamine),  

1.0 mg/mL in methanol, 1 mL ampule

M-020*

*Standards from Cerilliant, a Sigma-Aldrich Company, can be ordered from cerilliant.com

20% Off* HPLC Accessories

Specify promo code SBV when you order.  

Offer expires September 30, 2013.

For more information, visit  

sigma-aldrich.com/hplc-accessories

Maximize System Performance with  

Easy-to-Use HPLC Accessories

*Not valid in Japan. Discount applies to percentage off list price. 
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Expanded Capabilities with ATIS

Thermally extract solid samples and collect the volatiles onto an 

adsorbent tube. The temperature range is adjustable from ambient 

to 150 °C. Extraction glassware is available (Cat. No. 28523-U) that will 

accommodate solid samples up to 76 mm (3”) length and 13 mm 

(1/2”) in diameter.

Purge volatiles from an aqueous sample onto an adsorbent tube 

at ambient temperatures. A purge and trap humidifier module 

is available (Cat. No. 28522-U) that interfaces with the ATIS. This 

module can also be used to generate a dynamic humidified stream 

of an inert gas for spiking calibration standards. The purge and trap 

module includes purge and trap glassware, and a separate flow 

controller that allows the user to set a separate purge (wet) flow rate 

independently of the (dry) flow rate.

Guidelines for Using the ATIS

To accurately quantify the concentration of a sample collected with 

an adsorbent tube, the analytical system must first be calibrated. The 

ATIS simplifies this task. Below are a few starting parameters, some 

experimentation may be needed to optimize the conditions for your 

application. Allow enough time for the block heater to equilibrate to 

the desired temperature before injecting your standards. You will also 

want to make sure you have gas flowing through your adsorbent 

tube prior to injecting your standard, so the compounds will be 

carried to the tube.

Injecting Gas Phase Standards

Gas phase standards are available in compressed gas cylinders, made 

up in gas sampling bags, or gas sampling bulbs.

Set the block temperature between 60 to 75 °C.

Set the flow rate of the carrier gas to 50 mL/min.

Allow the adsorbent tube to remain attached for two to five 

minutes after injecting the gas mix with the carrier gas on.

The delivery rate of the gas syringe should be less than 10 mL/min.

Capabilities of the Adsorbent Tube  
Injector System (ATIS)
Kristen Schultz, Product Manager

kristen.schultz@sial.com

Introduction

The Adsorbent Tube Injector System (ATIS) was developed at 

Supelco® by R&D Scientists, as a tool to assist in our comprehensive 

adsorbent research for thermal desorption tubes. The ATIS provides 

an efficient means of transferring calibration standards in either the 

gas or liquid phase onto the adsorbent packed tubes.

The ATIS employs the technique of flash vaporization to vaporize 

the sample in a continuous flow of inert gas; the inert gas carries the 

sample to the tube. The sample pathway of the ATIS is constructed 

of glass and stainless steel. The calibration standard is injected 

by a syringe through a replaceable septum in the center of the 

injection glassware, which is heated. After enough time has elapsed, 

typically less than five minutes, the tube is removed from the ATIS 

and analyzed using the appropriate analytical technique for that 

adsorbent tube. 

The ATIS will accept either a 1/4” or 6 mm O.D. Thermal Desorption 

Tube; a 6 mm ORBO™ sorbent tube; adsorbent tubes with male luer 

fittings; and gas sampling bags with a 3/16 inch stem.

Capabilities

Allows injection of calibration standards onto adsorbent tubes to 

calibrate your analytical system.

Permits injection of surrogates and system monitoring 

compounds onto an adsorbent tube before or after sampling.

Removes moisture from the tube prior to analysis (dry purging).

 

Vaporizes neat compounds into a gas sampling bag to create 

a calibration standard. By volatizing the compounds with the 

ATIS, this allows you to use the contents of the bag immediately 

without having to let it equilibrate overnight.
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Large syringe volumes of gas standards can be injected through the 

septum of the injection glassware, but the injection rate of the syringe 

plunger must be slow. The rate that you inject the gas mix will have 

an affect on the total flow rate passing through the adsorbent tube. 

For example: If you injected a 100 mL syringe volume of a gas mix into 

the injection glassware, and it takes 10 seconds to inject the entire 

100 mL volume, the flow rate going through the adsorbent tube 

for those 10 seconds is 600 mL/min. That is too fast. There is a good 

chance that the compounds in the gas mix could break through the 

adsorbent and not be retained. In general, the delivery rate of the 

syringe should be less than 10 mL/min.

Injecting Liquid Phase Standards

Liquid standards are typically made up in a solvent such as methanol, 

hexane or carbon disulfide.

Set the block temperature 10 °C above the boiling point of the 

solvent. If the compounds in your liquid standard are larger than 

C12, set the block heater temperature to 100 °C.

Set the flow rate of the carrier gas to 50 mL/min.

Inject the liquid standard, and then allow the tube to remain 

attached for two to five minutes with the carrier gas flowing 

through the tube.

Unlike gas standards there is a limit to how much volume you can 

inject. If too much liquid is injected, the liquid could flashback into 

the plumbing of the system. Injection volumes of liquid standards 

should be less than 25 microliters. The injection rate for liquid 

standards can be quicker than that of gas standards, since the 

displacement of microliter volumes will have minimum impact on 

the flow rate going through the adsorbent tube. It is important 

to allow enough time for the contents of the liquid standard to 

be transferred to the tube before removing the adsorbent tube. 

For example; if the flow rate of the carrier gas is set to 50 mL/min, 

after two minutes the injection glassware will be purged 10 times. 

Ten exchanges are typically enough to completely purge all of the 

compounds from the injection glassware.

Summary

The ATIS is a multipurpose laboratory tool for adsorbent tubes. It 

provides an efficient way to spike adsorbent tubes with calibration 

standards, internal standards, and system monitoring compounds. 

The ATIS can also be used to dry purge moisture from the tubes 

that were exposed to high humidity. Accessories can be added that 

allow researchers to off-gas solid samples, purge volatiles from liquid 

matrices and collect the volatile compounds onto adsorbent tubes. 

The ATIS system will save your laboratory time in everyday sample 

preparation of adsorbent tubes.

  Featured Products

Description Qty.  Cat. No. 

ATIS System, 110V 1 28520-U

ATIS System, 220V 1 28521-U

Purge and Trap Humidifier Module 1 28522-U

Extraction Glassware w/Ground Joint 1 28524-U

Extraction Glassware w/Micro Connector 1 28523-U

Half-hole Septa (6 mm O.D. x 9 mm L) 100 20668

Ferrules, 1/4 in., PTFE, white 10 29024-U

15% Off ATIS System. Specify promo code SFT when you order. 

Offer expires August 30, 2013. Not valid in Japan. 

Innovation Inside, Results Delivered.

Visit 

sigma-aldrich.com/air-monitoring

Explore the solutions within

Air Monitoring
Refresh your air sampling media with innovative products from 

Supelco featuring radiello™ Passive Sampling Devices and the ASSET™ 

EZ4-NCO Dry Sampler for Isocyanates. Supelco offers a complete 

range of sampling devices with adsorbent expertise inside.
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Foundation. CD is a trademark of QIS, Inc. FocusLiner is a trademark of SGE Analytical Science Pty Ltd. MassLynx is a trademark of Waters Corporation. QSertVial is a trademark of QIS, Inc. radiello is a trademark of Fondazione Salvatore 

Maugeri IRCCS. Supelco brand products are sold through Sigma-Aldrich, Inc. Purchaser must determine the suitability of the product(s) for their particular use. Additional terms and conditions may apply. Please see product information 

on the Sigma-Aldrich website at www.sigmaaldrich.com and/or on the reverse side of the invoice or packing slip.
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