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Improved Clean Up and Recovery of Pharmaceutical Compounds From Plasma
using Strata™-X Solid Phase Extraction (SPE) vs. Traditional Liquid-Liquid Extraction
Methods
Deborah Jarrett
Phenomenex, Inc., 411 Madrid Ave., Torrance, CA 90501 USA

Liquid-liquid extraction (LLE) is perhaps the most established clean
up technique used in the chromatography field. Although it has been
used for years, newer techniques with improved specificity towards
particular analytes have allowed analysts to improve recovery and reproducibility of their samples. This work explores the benefits of solid
phase extraction (SPE) as compared to LLE in a pharmaceutical setting. It was found that SPE provides cleaner extracts, higher recoveries, and better reproducibility which can greatly improve results.

Introduction

Diclofenac (Figure 1) is a slightly acidic (pKa = 4.0) non-steroidal
anti-inflammatory drug (NSAID) that has been used as a post operative pain reliever in adult and pediatric patients. As a pain reliever, diclofenac is purported to act via the cyclooxygenase (COX)
pathway by inhibition of prostaglandins. However, it also acts as a
NSAID that inhibits the lipooxygenase pathway via a process that
diminishes the formation of pro-inflammatory hormones. The subsequent quantization of diclofenac from the small volumes of biological matrices, such as plasma, has been of significant concern.
Therefore, this article explores two popular extraction methods,
solid phase extraction (SPE) and liquid-liquid extraction (LLE), for
the isolation of diclofenac from plasma, using a water matrix as
the control.
Figure 1.
Structure of Internal Standard Flurbiprofen and Diclofenac

Materials and Methods

The plasma pre-treatment step was the same for SPE and LLE
and was comprised of filtration through a gauze cloth. Afterwards, 500 µL of diclofenac, which was dissolved in 5 % Methanol, was added to 500 µL of plasma, and the solution mixture
was then acidified with 600 µL of 1M Phosphoric acid.

Solid Phase Extraction

The pre-treated plasma samples were further cleaned up and
concentrated using SPE.
Cartridge:
Part No.:
Condition:
Equilibrate:
Load:
Wash:
Dry:
Elute:
Dry down:

Strata-X 30 mg/ 1 mL
8B-S100-TAK
1 mL Methanol
2 mL Water
1.6 mL Pre-treated plasma
1 mL 5 % Methanol
1 minute under vacuum at 10 inches Hg
1 mL Methanol
Dry down @ 53 °C under a stream of nitrogen
for 20 minutes
Reconstitute: Reconstitute in 500 µL of mobile phase

Liquid-Liquid Extraction

After pre-treatment, 5 mL of Hexane:IPA (95:5) was added to the
pre-treated solution, which was followed by 1 minute of vortexing,
and 10 minutes of centrifugation at 2,000 rpm. Subsequently,
4 mL of the top organic layer was transferred to a clean glass
centrifuge tube and then evaporated to dryness under a stream of
nitrogen at 53 °C for 20 minutes.

Flurbiprofen (pKa = 4.2)

Diclofenac (pKa = 4.0)

For additional technical notes, visit www.phenomenex.com

Page 1 of 4

TN-0044

APPLICATIONS

LC/UV

Chromatogram of Diclofenac and IS after SPE extraction from a
plasma matrix.
App ID 19701

Diclofenac

140

2
120

mAU

100

80

Flurbiprofen
1

60

App ID 19701

40

20

0

2.0

3.0

4.0

Diclofenac spiked plasma sample (50 µg/mL) after extraction with
Strata™-X. Flurbiprofen (IS) was added post-extraction at a concentration
of 160 µg/mL. Note: the flurbiprofen was added post blow down, which is
also post-extraction

Gradient:
Flow Rate:
Temperature:
Detection:
Sample:

Plasma samples spiked with diclofenac were used to compare
extraction efficiencies of both SPE (using a polymer-based SPE
sorbent, Strata-X) and LLE. It was found that SPE on the Strata-X
sorbent yields approximately 86 % absolute recovery of 15 µg/
mL of diclofenac in the plasma matrix as opposed to 46 % for
LLE (Table 1). This accounts for almost a two-fold decrease in
recovery when using LLE. Furthermore, while this procedure for
LLE involved one extraction step, as opposed to multiple extraction steps with the hexane:IPA mixture, in order to have obtained
a greater yield using LLE, a greater amount of solvent would have
been required for LLE. This would not have only increased the
time to obtain a higher extraction yield, but would also increase
the total time required for the evaporation of the solvent.
Table 1.
% Absolute Recovery for Diclofenac
Spiked concentration

Diclofenac

Mean % RSD

SPE

15 µg/mL

86 % (n=4)

10

LLE

15 µg/mL

46 % (n=4)

35

5.0 min.

1. Flurbiprofen
2. Diclofenac

Column:
Dimensions:
Part No.:
Mobile Phase:

nefits over this traditional method including improved recoveries,
time and solvent savings, as well as more consistent results.

Kinetex® 2.6 µm C18
75 x 4.6 mm
00C-4462-E0
Water (adjusted to pH 3.3 with
phosphoric acid): Methanol (63:37)
Isocratic hold for 5 min
1.5 mL/min
30 °C
UV @ 254 nm
1. Flurbiprofen (IS)
2. Diclofenac

In addition to SPE providing a greater absolute percent recovery by
two-fold over LLE, the Strata-X sorbent procedure shows less variability between cartridges, with a mean % RSD of 10 % while the
LLE procedure produced more variability with a mean % RSD of 3
times as much, at 35 % (Figures 2 and 3). According to the % RSD
values for SPE and LLE, SPE is more precise and reproducible than
LLE for the extraction of pharmaceutical compounds.

Results and Discussion

Traditionally, liquid-liquid extraction (LLE) has been used as the
standard clean up procedure for a variety of pharmaceutical samples. Although the technique has been used for many decades it
could stand to be improved upon. While performing this work, it
was discovered that solid phase extraction provided many be-
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Conclusion

Figure 2.
Diclofenac Extracted Reference Curve: Solid Phase Extraction in Plasma
Matrix
Diclofenac Extracted Reference Curve: Solid Phase Extration in Plasma Matrix
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Binding Properties of Strata-X

♦
♦

Pi-Pi Bonding

1

0

n

♦
♦

♦
♦
♦
0



O

)

0.5

10

30

20

40

50

60

..
N

)

Area (D:F)

2

The Strata™-X SPE sorbent utilizes the chemical bonding properties of a pyrrolidone ligand, which makes it a prime target for the
retention of hydrophobic neutral compounds, while also retaining
basic and acidic compounds under strong organic wash conditions. With the presence of the phenyl ring in the pyrrolidone ligand, pi-pi interactions are prevalent for compounds with aromatic structures, and acidic and basic compounds are able to bind
to the nitrogen of the secondary amine and the carbonyl carbon,
respectively (Figure 4).
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Hydrogen Bonding,
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Figure 3.
Diclofenac Extracted Reference Curve: Liquid-Liquid Extraction in Plasma
Matrix
Diclofenac Extracted Reference Curve Liquid Liquid Extration in Plasma
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♦ Analyte-sorbent interaction site highlighted in blue.
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LLE instead utilizes two immiscible solvents that compete for interaction with the analyte of interest. While LLE has been a universal
choice of extraction, SPE poses many advantages over LLE for
the extraction of diclofenac, via the existence of multiple binding
sites on the Strata-X sorbent. Consequently, this data shows that
SPE provides greater absolute recovery of diclofenac when compared to LLE; and is less time-intensive, consumes less solvent
than traditional LLE procedures, and provides better reproducibility, thereby demonstrating that the extraction method of choice for
pharmaceuticals, such as diclofenac, is SPE.
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Australia

Ordering Information
Strata™-X

t: 02-9428-6444
f: 02-9428-6445

auinfo@phenomenex.com

Sorbent Mass
Tube
10 mg
30 mg
30 mg
60 mg
100 mg
100 mg
200 mg
200 mg
500 mg
500 mg
Giga™ Tube
200 mg
500 mg
1g
1g
2g
5g
96-Well Plate
10 mg
30 mg
60 mg

Austria
t: 01-319-1301
f: 01-319-1300

anfrage@phenomenex.com
Belgium

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

beinfo@phenomenex.com
Canada

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

info@phenomenex.com
Denmark

t: 4824 8048
f: 4810 6265

nordicinfo@phenomenex.com

Finland
t: +358 (0)9 4789 0063
f: +45 4810 6265
nordicinfo@phenomenex.com
France
t: 01 30 09 21 10
f: 01 30 09 21 11

franceinfo@phenomenex.com
Germany

t: 06021-58830-0
f: 06021-58830-11

Part No.

Unit

8B-S100-AAK
8B-S100-TAK*
8B-S100-TBJ
8B-S100-UBJ*
8B-S100-EBJ
8B-S100-ECH
8B-S100-FBJ✝
8B-S100-FCH
8B-S100-HBJ
8B-S100-HCH

1 mL (100/box)
1 mL (100/box)
3 mL (50/box)
3 mL (50/box)
3 mL (50/box)
6 mL (30/box)
3 mL (50/box)
6 mL (30/box)
3 mL (50/box)
6 mL (30/box)

8B-S100-FDG
8B-S100-HDG
8B-S100-JDG✝
8B-S100-JEG
8B-S100-KEG
8B-S100-LFF

12 mL (20/box)
12 mL (20/box)
12 mL (20/box)
20 mL (20/box)
20 mL (20/box)
60 mL (16/box)

8E-S100-AGB
8E-S100-TGB
8E-S100-UGB

2 Plates/Box
2 Plates/Box
2 Plates/Box

* Tab-less tube
✝
Available in Teflon® tubes
Additional sizes available. Contact your Phenomenex Sample Preparation Specialist for
additional information.

anfrage@phenomenex.com
India

t: 040-3012 2400
f: 040-3012 2411

indiainfo@phenomenex.com

Kinetex® Core-Shell HPLC/UHPLC Columns

Ireland
t: 01 247 5405
f: +44 1625-501796
eireinfo@phenomenex.com

1.7 μm Minibore Columns (mm)
50 x 2.1
C18
00B-4475-AN

Italy
t: 0
 51 6327511
f: 051 6327555

2.6 μm Minibore Columns (mm)
50 x 2.1
75 x 2.1
C18
00B-4462-AN
00C-4462-AN

italiainfo@phenomenex.com

Luxembourg
t: +31 (0)30-2418700
f: +31 (0)30-2383749
nlinfo@phenomenex.com
Mexico
t: 001-800-844-5226
f: 001-310-328-7768

tecnicomx@phenomenex.com

The Netherlands
t: 030-2418700
f: 030-2383749
nlinfo@phenomenex.com

100 x 2.1
00D-4475-AN

100 x 2.1
00D-4462-AN

150 x 2.1
00F-4475-AN

150 x 2.1
00F-4462-AN

2.6 µm Solvent Saver MidBore™ Columns (mm)
50 x 3.0
75 x 3.0
100 x 3.0
C18
00B-4462-Y0
00C-4462-Y0
00D-4462-Y0

150 x 3.0
00F-4462-Y0

2.6 μm Analytical Columns (mm)
50 x 4.6
75 x 4.6
C18
00B-4462-E0
00C-4462-E0

150 x 4.6
00F-4462-E0

100 x 4.6
00D-4462-E0

More dimensions and phases available, please inquire.

New Zealand
t: 09-4780951
f: 09-4780952
nzinfo@phenomenex.com
Norway
t: +
 47 810 02 005
f: +45 4810 6265

Puerto Rico

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

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

info@phenomenex.com

Trademarks

United Kingdom
t: 01625-501367
f: 01625-501796
ukinfo@phenomenex.com
All other countries:
Corporate Office USA
t: (310) 212-0555
f: (310) 328-7768
info@phenomenex.com
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Kinetex is a registered trademark of Phenomenex, Inc. in the United States, European Union,
and other jurisdictions. Strata-X, Giga, and MidBore are trademarks of Phenomenex, Inc.
Teflon is a registered trademark of E.I. du Pont de Nemours and Co.

www.phenomenex.com
Phenomenex products are available worldwide.
For the distributor in your country, contact
Phenomenex USA, International Department at
international@phenomenex.com

Disclaimer

Comparative separations may not be representative of all applications
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If Phenomenex products in this technical note do not provide at least an equivalent separation
as compared to another product of the same phase and comparable dimensions, return the
product with comparative data within 45 days for a FULL REFUND.
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